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Thank you for the opportunity to speak before the Oil Conservation Commission.
My name is Ben Thomas. As has been stated, | am an expert in a field called
Risk-Based Decision Making (RBDM). | was retained by the oil and gas industry
here in New Mexico to evaluate the Pit Rule being proposed by the staff of the
Oil Conservation Division (OCD) with regard to the potential health and

environmental risks posed by the constituents in closed drilling pits.

Value of Risk Evaluation

Risk is defined as the probability that an adverse effect or hazard will occur. The
evaluation of risk has increasingly become an integral part of the regulatory

decision process by agencies worldwide. The reasons for this are many:
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. Of importance to these proceedings, it is my understanding that the New

Mexico Oil and Gas Act requires that risk be considered in the regulatory
process. ,
The risk evaluation process is transparent and makes explicit to all parties

the agency’s objective in proposing regulatory action.

. It provides an understanding of the supporting technical basis and

rationale of the proposed standards and regulatory requirements.

A formal evaluation of risk minimizes unnecessary expenditure of financial
and technical resources due to unclear regulatory policy. By “resources”, |
mean the resources of the regulated community who must comply with the
proposed regulations, and the resources of the agency who must enforce

them.

As | will discuss in my testimony today, | believe that the Pit Rule would benefit

from a formal evaluation of risk issues.

What is in the Drilling/Reserve Pits?

As discussed by others, drilling pits are lined temporary pits that are used to

store and recycle drilling mud during the drilling process. For that reason, a

Drilling/Reserve pits is expected to contain...

Formulated drilling mud (water-based);

Rocks and debris created as the drill bit cuts through subsurface layers of
mineral deposits and soils;

Hydrocarbons as the drilling encounters pockets of oil and gas; and

Salts derived from natural deposits and from brine drilling fluids.

Central Risk Questions
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. A formal risk evaluation process would ask two basic questions:

1. Will any of the constituents in a closed drilling pit pose an unreasonable

risk to the public health, environment, or natural resources of the State of
New Mexico?

2. If so, what is the most effective way to mitigate that risk?
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The Industry Sampling Program -- What'’s in the Pits and

How Much?

Toc

onfirm and characterize what is in Drilling/Reserve Pits, the industry

conducted a detailed sampling and analysis of pit contents:

A third party collected samples of the contents of temporary pits (after
fluids removed; just prior to closure).

The samples were analyzed for a full range of constituents using standard
EPA methods for metals, volatile and semivolatile organic compounds,

anions, cations, TPH, PCBs, radium isotopes, and other analytes.

Where the EPA methods allow, a TCLP leachate of each sample was

prepared and analyzed (selected metals and volatile organics).

() The Sampling Program

Because of differences in geology and operating practices, the Industry chose...

Three drilling/reserve pits in NW New Mexico (San Juan Basin; generally
gas production at depths of 600-9000 ft), and

Three pits in SE New Mexico (Lea County in the Permian Basin; generally
oil production at 7000+ ft).

Twelve samples of pit contents were collected at depth by auger at 11

locations in each pit...11 samples + 1 duplicate from each pit.

Laboratory results were subjected to an independent quality assurance
audit, then evaluated by my staff.

Any constituents having at least one of the 12 samples exhibiting a
concentration above the detection limit (including estimated concentrations)

was included in the analysis of each pit
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What was found? — TPH

* TPH was evaluated by EPA Method 8015, which separates petroleum
hydrocarbons into gasoline-range (GRO) and diesel-range (DRO) fractions.

* Most of the hydrocarbons in both the northwest and southeast pits were in the
DRO-size fraction.
— SE NM average Total TPH (GRO+DRO) was 7700 mg/kg
-~ NW NM average Total TPH (GRO+DRO) was 1800 mg/kg
— OCD'’s proposed criterion is 2500 mg/kg.

QUESTION: Is Total TPH a risk issue?

What was found? -- Chloride

The average concentrations of Chloride anion were found to be:
- SE NM was 126,000 mg/kg
- NW NM was 3,900 mg/kg

QUESTION: Does chloride at these levels present a risk?

What was found? - Arsenic

* Arsenic is not a component of commercial drilling muds, and its presence is
likely due to natural subsurface minerals being brought up during drilling.
- Average NW was 4.1 mg/kg
- Average SE was 2.3 mg/kg
- NMED’s Tier 1 Residential Soil Screening Level = 3.9 mg/kg (version 4)

+ Arsenic levels in TCLP leachates were not detectable, indicating that the

natural arsenic-containing minerals will not dissolve in water, are not
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environmentally mobile, and are not bioavailable.

CONCLUSION: Arsenic exists in New Mexico drilling/recycle pits in a

chemical form that does not pose health or environmental risks.

What was found? -- Barium

Barium (in the form of barium sulfate) is a common component of drilling
muds.

- Average SE was 1763 mg/kg

- Average NW was 10,000 mg/kg

~ NMED SSL of 5450 mg/kg

Barium levels in the TCLP leachates were low (estimated to be less than 3%
of total; and were less than the WQCC 3103 criterion of 1 mg/L).
Low water solubility indicates that barium in the pits is not environmentally

mobile, and not bioavailable.

CONCLUSION: Barium is in a form that is generally not soluble in water,

and therefore does not pose a health or environmental risk.

What was found? -- Benzene

Benzene is a natural constituent of petroleum and natural gas, and is not
considered to be a component of water-based drilling mud formulations. It is

a recognized carcinogen.

- Average SE NM was 8.17 mg/kg
- Average NW NM was 0.12 mg/kg
- NMED SSL is 10.3 mg/kg

All soil samples exhibiting benzene concentrations above SSL were from Pit
LC-1 (in SE NM) and were highly diluted (1000X vs. 5-100X due to other
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analytes). High dilution ratios magnify analytical variability, and greatly
complicate interpretation of such data.

e Benzene was found in all LC-1 leachate samples at concentrations above the
WQCC 3103 criterion (0.01 mg/L).

QUESTION: Although complicated by high dilution ratios, should benzene be
considered a possible regulatory issue?

What was found? — Halogenated Compounds

Several unusual halogenated compounds were reported by the laboratory at

detectable levels. Subsequent lab discussions revealed that these were “QC

surrogates” purposely added to the sample to evaluate analytical recoveries
2,3 4-TRIFLUOROTOLUENE -- Method 8015 (TPH)
o-TERPHENYL -- Method 8015 (TPH)
DECACHLOROBIPHENYL -- Method 8082 (PEST/PCB)
TETRACHLORO-m-XYLENE -- Method 8082 (PEST/PCB)
4-BROMOFLUOROBENZENE -- Method 8260 (VOC)
DIBROMOFLUOROMETHANE -- Method 8260 (VOC)
2-FLUOROBIPHENYL -- Method 8270 (SVOC)
2-FLUOROPHENOL -- Method 8270 (SVOC)
2,4,6-TRIBROMOPHENOL -- Method 8270 (SVOC)

What was found? -- Other Compounds

® The average soil concentrations of other detected Metal, VOC, SVOC, PCB
analytes were below available NMED SSLs or SSL surrogate criteria.

®* The average leachate concentrations of all other analytes were below available
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WQCC 3103 criteria or drinking water surrogate criteria.

CONCLUSION: Other compounds detected do not to pose significant
risk to public health and the environment.

The OCD Sampling Program -- What'’s in the Pits and
How Much?

® It appears that OCD collected samples of solids from the surface at the four

corners of each pit and mixed them to create a composite sample for analysis.

® OCD also collected water samples, suggesting that the fluids in the sampled
pits had not yet been removed for closure.

® OCD tested each sample for VOCs, SVOCs, Total Metals; Anions; Cations;
TPH, and other metrics (pH, etc.)

SE Pits: Of 20 detected analytes having SSLs:
- Only arsenic (average of all pits) exceeded its NMED criterion.
- Arsenic is present in a form that is not water soluble, therefore not
environmentally mobile and not bioavailable.
NW Pits: Of 23 detected analytes having SSLs:
- None exceeded its NMED criterion.

Conclusions from Industry & OCD Findings

Analytes of possible regulatory concern:
- TPH
- Chloride

- Benzene
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Thoughts from a Risk Perspective

Total Petroleum Hydrocarbon (TPH)

TPH Method
OCD has suggested use of EPA Method 418.1 as a simple and inexpensive test

for TPH.
- The Method 418.1 procedure is no longer part of the EPA method series

because it specifies that an ozone-depleting solvent (banned in the US) be

used to extract the hydrocarbons.
- Laboratories running 418.1 assays are either using an alternative extraction

solvent (unspecified), or are breaking the law.

Solvent extraction methods for TPH are non-specific in that biological
fats and waxes are extracted along with petroleum hydrocarbons.
* Itis possible for a soil sample to be reported as having a high
level of “TPH" due to extraction of the waxy coating and
essential oils of leaves and other plant debris, even though no

petroleum is actually present in the sample.

RECOMMEND: If TPH is an issue, use EPA Method 8015m (GRO+DRO)
or EPA Method 9071 (Oil & Grease).

TPH Standard
- NMED developed a risk-based SSL of 2500 mg/kg for “waste oil”, based

on...

* the size classes of hydrocarbons that “waste oil” is assumed {o
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comprise, and
* the pathways of exposure relevant to the health risks to a hypothetical

resident who directly contacts that material.
- It appears that OCD has simply adopted NMED's “waste oil” criterion.

QUESTION: Has OCD considered whether “waste oil” SSL is appropriate

for petroleum crude oil and natural gas hydrocarbons?

®* OCD has not specifically stated the nature of their concern(s) about TPH:
— Cancer?
— Suppression of immune function?

— Unpleasant taste in well water?

* OCD has not given the members of the OCC the technical information they
need to judge whether the OCD-proposed regulation of TPH is appropriate.

TPH Standard — Risk Critique

OCD has not given a technical rationale for proposed a 2500 mg/kg standard.
- Not clear why NMED’s number applicable to pit materials
- If OCD’s 2500 mg/kg criterion is “safe”, it is not clear to me why current

closure practices need to change.

A better rationale would look at the risks presented:
- Direct contact — but under 4’ cover; construction and residential and primary
exposure scenarios.
- Groundwater — leaching risk, but low solubility, volatilization and

biodegradation makes significant exposure unlikely.

Primary toxicants of TPH are BTEX in the GRO fraction, and PAHs in the DRO
fraction. Better to regulate specific toxicant, than nebulous mixture like TPH. It
should be noted that the available data indicate that of the BTEX compounds,
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only benzene is of possible concern...and that is uncertain because of the high
dilution of the affected samples.

Question: Why does OCD want to regulate a complex and highly variable

mixture like TPH, rather than the toxic constituents of that mixture?

Chloride Anion

Chloride anion is highly water-soluble

The proposed rule does not state the nature of OCD’s concern, although
protection of ground water is suggested by their analytical approach.

- While salt (sodium chloride) can be toxic to plants, it is not the chloride anion
that is primarily responsible. Rather, it is the sodium cation, which attracts a
large shell of water molecules, that competes with plant roots for available
moisture, causing dehydration of plant tissues.

- A similar mechanism is at play in animal tissues -- excess sodium pulls
water out of the cells, disrupting biological functions.

Chloride is therefore a poor predictor of the risks associated with sodium
chloride. Direct measurement of sodium or one of its surrogate metrics (e.g.,

electroconductivity, etc.) is better.

Chloride Anion: Risk Analysis
Potential pathways:
— Direct exposure is primarily salt driven; but no direct contact (under 4’
cover)’

— Groundwater is other potential route

If chloride is of concern, recommended level:

— Direct exposure is addressed by cover
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— Groundwater should be based on protection of groundwater use. Therefore,
a leachable standard of 3500 mg/! is protective.
— A non-leachable field test may simplify field administration of the standard.

- Measurement of sodium is a better metric for risk evaluation.

Benzene

Benzene may or may not be an issue—analytical results were highly diluted

Benzene has a short half life, and will volatilize during evaporation and mixing

prior to closure

The pathways of potential concern:
- Direct contact (but under liner and 4’ cover)

- Groundwater use

Pathway analysis:
- Direct contact exposures would be short-term...limited to construction or
other physical disturbance—a process that will further reduce concentrations
- Groundwater is unlikely to be of concern given the long time required to
reach water versus benzene’s half life and on-going evapotranspiration

processes.

Recommendation: Tier 1 Screening Level for benzene in soil to minimize
risk to a construction worker is 174 mg/kg (i.e., NMED’s SSL for a

construction worker).

3103 Analytes

Based on the Industry and OCD sampling programs, most of these compounds

are not present in New Mexico’s drilling/recycle pits.
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' The 3103 constituents that were detected may or may not be an issue

The pathways of potential concern:
- Direct contact (but under liner and 4’ cover)

- Groundwater use

Pathway analysis:
- Direct contact is limited to construction or residential exposures.
o Organic 3103 compounds detected in pits tend to be volatile (i.e.,
VOCs), suggesting direct exposures would be short-term.
o Metallic 3103 compounds shown by comparison to SSLs not to be of
concern from direct exposures.
- Groundwater is unlikely to be of concern given dilution and attenuation
processes (DAF >100)

. Conclusion: The risks posed by the 3103 constituents by these routes are

de minimis .
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What OCD has Proposed

Proposed OCD Pit Rule — Temporary Pits
®* Proposes treatment and release standards.
¢ Existing industry data would suggest pits will not meet these standards.

® In essence, all drilling materials will have to be hauled and disposed of at

a commercial OCD-approved landfill.

Alternative Risk/Consequence

* All decisions have consequences.

* OCD rule addresses
— Direct exposure risk
— Groundwater risk, both by removing pit contents

* The Industry sponsored a study evaluating the likely consequences of
OCD's proposal to transport, and dispose of pit material to an OCD-
approved commercial landfill:

-~ Economic Impact
-~ Vehicular Accidents, Injuries, and Fatalities

— Environmental Consequences

Economic Impacts
— It is estimated that the proposed Pit Rule will add more than $50 million per

year in compliance costs of finding and producing oil and gas in New

Mexico.
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— It is estimated that the Industry will drill approximately 1400 wells per year in
the State.

—~ There are only four OCD-approved landfills in New Mexico...all in the
southeastern part of the State. New landfill capacity may need to be
developed.

— Increases in heavy truck traffic will accelerate deterioration and repair of

New Mexico roads, especially near the four existing landfills.

Vehicular Accidents, Injuries, and Fatalities

— Assumes the proposed pit rule will result in heavy trucks traveling a
minimum of 27.4 up to 81.2 additional million vehicle miles (mvm) per
year...80% on rural highways and 20% on urban highways.

— Based in statistics from the Federal Motor Carrier Safety Administration, an
additional 0.85 — 2.53 fatalities, 14 — 41 injuries, and 71 — 142 property
damage only (PDO) crashes can be expected on an annual basis.

— Data from the Industry and OCD sampling programs suggest that no
fatalities or injuries are expected from exposures to the constituents of
drilling/recycle pits in New Mexico.

* Environmental Consequences

— The proposed Pit Rule will result in estimated truck and dust emissions
equivalent to twice the emissions from currently permitted stationary
sources.

" Drilling material hauled — T 1.5MM to 2.7MM yd®
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. VOC emissions — T 660 tons to 1900 tons/year
. Dust emissions — T 13,000 to 41,000 tons/year
« CO, emissions — 1 50,000 to 149,000 tons/year

— Increased CO2 emissions will put the Governor's GHG emission reduction

goals in NW New Mexico at risk.
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Conclusions

What are the Risks from Drilling/Recycle Pits?

- Based on the data from the Industry and OCD’s sampling programs, it
seems clear that only a few of the constituents found in the drilling/recycle
pits may be of regulatory concern (TPH, chloride, and benzene).

- These constituents pose little risk to public health and the environment by

the expected pathways of exposure.

- Based on OCD'’s proposed language, it appears that OCD’s primary concern

is odor and taste impacts on ground water.

- For evaluating risk...
- BTEX and PAHSs are better metrics than TPH
+ Sodium is a better metric than chloride

Does the proposed Pit Rule reduce actual risk?
- No, it mostly transfers the risk.
« Transfers direct exposure risk to landfill

« Transfers ground water impact to landfills

At what cost?
- In lives (0.85 — 2.53 fatalities/year)
- In injuries (14 — 41 injuries/year)
- In emissions (greenhouse gas emissions increased by up to 149,000
tons/year; airborne dust up to 41,000 tons/year)
- To ground water (low total mass of wastes in pits to high mass in landfills
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yielding greater potential impact if released)
- In $ (more than $500,000,000 additional drilling costs over 10 years)

- In State revenue (unknown)

For what benefits?

- Speculative decrease in direct exposure

- Fewer pits with ground water impacts, by concentrating impacts at landfill

locations

Based on my evaluation of the risk issues, | believe that the proposed Industry
approach provides similar benefits at less cost:

- Small onsite pit closures (small mass of toxicant) present less overall risk to

ground water than large concentrated landfills (large mass of toxicant)

« If liners do not fail, both onsite pit closure and landfills are equally

protective

- If liners do fail, onsite pit closures are more protective than landfills

- Direct exposure risks (residential and construction) are de minimis for onsite

pit closure

- Other cumulative impacts are minimized (e.g., lives, injuries, emissions, etc.)
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. Conclusions

If both OCD and Industry approaches achieve similar results, but Industry

achieves same results at a lower cost, then:
— OCD is not making a risk judgment

- OCD is making a value judgment that the mere presence of “waste” justifies

the costs in lives, injuries, emissions, etc., regardless of the risk that the
“waste” objectively presents.

I hope that OCC will give consideration to the questions that | have raised, will
consider the recommendations that | have made, and will render an appropriate

‘ judgment based on risk and benefit. | believe that such a judgment best serves
the interests of the people of the State of New Mexico. Thank you.

Respectfully Submltted

om \...,/
Ben Thomas, Ph. D

HS32396.001 Pit Rule 19 of 19 10/27/07




References

Value of Risk Evaluation in the Regulatory Process

American Petroleum Institute (1999). Decision Support System for Exposure and Risk
Assessment (DSS) [Version 2].

American Society for Testing & Materials (1998). Standard Provisional Guide for Risk-
Based Corrective Action [PS 104-98].

Canadian Council of Ministers (2000a). Canada-Wide Standards for Petroleum
Hydrocarbons (PHC) in Soil.

Canadian Council of Ministers (2000b). Canada-Wide Standards for Petroleum
Hydrocarbons (PHC) in Soil — Technical Supplement.

Colorado Bureau of Land Management (1997). Colorado BLM Policy for the On-Site
Remediation of RCRA Exempt, Hydrocarbon Based, Oil and Gas Exploration &
Production Waste and Terrestrial Spills of Crude Qil.

Colorado Oil and Gas Commission (1995). Rules 907 and 908, Denver, Colorado

Colorado Qil and Gas Commission (1997). Revisions to the 900 Series Rule, Denver,

Colorado.

Hamilton WA, Sewell HJ & Deeley G (1999). “Technical Basis for Current Soil
Management Levels of Total Petroleum Hydrocarbons.” Proceedings of the International

Petroleum Environmental Conference, Houston, TX, November 16-18.

Harju JA, Nakles DV, DeVaull G & Hopkins H (1999). "Application of Risk-Based
Approaches for the Management of E&P Sites", SPE Paper No. 52723, presented at the
1999 SPE/EPA Exploration and Production Environmental Conference, Austin, Texas,
February 28 - March 3.

Louisiana Department of Environmental Quality (1998). Proposed Louisiana
Department of Environmental Quality Risk Evaluation/Corrective Action Program, April
20.

HS32396.001 Pit Rule 20 of 31 10/27/07



New Mexico Environment Department, Hazardous Waste Bureau and Ground Water
Quality Bureau. Technical Background Document for Development of Soil Screening
Levels, Revision 3.0 (August 2005).

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production

Wastes. Report to the Louisiana Department of Natural Resources.

US Department of Energy (1997). Assessment of Short-term and Long-term Risks for
Remedy Selection, DOE/EH-413-9708.

US Department of Energy (1999). Guidance for Conducting Risk Assessments and
Related Risk Activities for the DOE-ORO Environmental Management Program,
BJC/OR-271.

US Environmental Protection Agency (1987). "Report to Congress: Management of
Wastes from Exploration, Development, and Production of Crude Oil, Natural Gas, and
Geothermal Energy", NTIS Publication No. PB88-146212.

US Environmental Protection Agency (1988). Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA, EPA/540/G-89/004.

US Environmental Protection Agency (1989). Risk Assessment Guidance for Superfund:
Volume 1-Human Health Evaluation Manual (Part A), EPA/540/1-89/002.

US Environmental Protection Agency (1990). Guidance for Data Usability in Risk
Assessment, EPA/540/G-90/008.

US Environmental Protection Agency (1991a). Risk Assessment Guidance for
Superfund. Volume |, Human Health Evaluation Manual (Part B, Development of Risk -
based Preliminary Remediation Goals), OSWER Directive 9285.7-01B.

US Environmental Protection Agency (1991b). Risk Assessment Guidance for
Superfund. Volume |, Human Health Evaluation Manual (Part C, Risk Evaluation of
Remedial Alternatives), OSWER Directive 9285.7-01C.

US Environmental Protection Agency (1991c). Standard Default Factors, OSWER
Directive 9285.6-03.

HS32396.001 Pit Rule 21 of 31 10/27/07



US Environmental Protection Agency (1991d). Appendix D of RAGS, Vol. 1, Human
Health (“Corrections to RAGS—Part B, Sections 3.3.1 and 3.3.2").

US Environmental Protection Agency (1996a). Supplemental Guidance to RAGS:
Region 4 Bulletins, Human Health Risk Assessment (Interim Guidance).

US Environmental Protection Agency (1996b). Soil Screening Guidance: User’s Guide,
EPA/540/R-96/018.

US Environmental Protection Agency (1998). Risk Assessment Guidance for
Superfund, Volume |: Human Health Evaluation Manual (Part D, Standardized Planning,
Reporting, and Review of Superfund Risk Assessments) Interim, Publication 9285.7-
01D.

US Supreme Court (1980). Industrial Union Department, AFL-CIO v. American
Petroleum Institute et al. Certiorari to the United States Court of Appeals for the Fifth
Circuit [No. 78-911]. Together with No. 78-1036, Marshall, Secretary of Labor v.

American Petroleum Institute et al., also on certiorari to the same court. 448 US 607.

What is in the Pits

American Petroleum Institute (1993). Evaluation of Limiting Constituents Suggested for
Land Disposal of Exploration and Production Wastes, AP! Publication No. 4527.

American Petroleum Institute (1996). Characterization of Exploration and Production
Associated Waste. API Publication Number DR53.

American Petroleum Institute (1997). "Environmental Guidance Document: Waste
Management in Exploration and Production Operations", Publication No. API E5, 2™
Edition.

American Society for Testing & Materials (1989). Manual on Hydrocarbon Analysis, 4th
Ed. (West Conshohocken, PA: Societyv for Testing and Materials).

HS32396.001 Pit Rule 22 of 31 10/27/07



Bruce LG & Schmidt GW 1994. “Hydrocarbon Fingerprinting for Application in Forensic
Geology: A Review With Case Studies,” AAPG Bulletin , 78(11):1692-1710.

Coleman HJ, Shelton EM, Nichols DT &Thompson CJ (1978). “Analysis of 800 Crude
Oils from United States Oilfields.” Department of Energy Report No. BETC/RI-78/14.

Gas Research Institute (1993). "Sampling and Analysis of Wastes Generated from
Natural Gas Industry Operations"”, Publication No. GRI-93/0208.

Louisiana Department of Environmental Quality (1998). Proposed Louisiana
Department of Environmental Quality Risk Evaluation/Corrective Action Program, April
20.

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production
Wastes. Report to the Louisiana Department of Natural Resources.

US Environmental Protection Agency (1987). "Report to Congress: Management of
Wastes from Exploration, Development, and Production of Crude Oil, Natural Gas, and
Geothermal Energy", NTIS Publication No. PB88-146212.

US Environmental Protection Agency (1993). “Clarification of the Regulatory
Determination for Waste from the Exploration and Production of Crude Oil, Natural Gas,
and Geothermal Energy,” Federal Register 58: 15284-15287.

US Environmental Protection Agency (1993). Guidance on Conducting Non-Time
Critical Removal Actions Under CERCLA, EPA/540-R-93-057.

US Environmental Protection Agency (1995). "Crude Oil and Natural Gas Exploration
and Production Wastes: Exemption from RCRA Subtitle C Regulation".

Western States Petroleum Association (1993). Chemical and Physical Characteristics of

Crude Oil, Gasoline, and Diesel Fuel: A Comparative Study.

Risk Evaluation of Detected Constituents

HS32396.001 Pit Rule 23 of 31 10/27/07



Total Petroleum Hydrocarbons (TPH)
Baker JM (1970). “The Effects of Qils on Plants,” Environ Pollution 1: 27-44.

Chaineau CH, Morel JL & Oudot J (1997). “Phytotoxicity and Plant Uptake of Fuel Oil
Hydrocarbons.” J. Environ. Qual. 26:1478-1483.

Canadian Council of Ministers (2000a). Canada-Wide Standards for Petroleum
Hydrocarbons (PHC) in Soil.

Canadian Council of Ministers (2000b). Canada-Wide Standards for Petroleum
Hydrocarbons (PHC) in Soil — Technical Supplement.

Colorado Bureau of Land Management (1997). Colorado BLM Policy for the On-Site
Remediation of RCRA Exempt, Hydrocarbon Based, Oil and Gas Exploration &
Production Waste and Terrestrial Spills of Crude Oil.

CONCAWE (1997). Petroleum products - first aid, emergency and medical advice.
Report 1/97.

‘Currier HB &Peoples SA (1954). “Phytotoxicity of Hydrocarbons.” Hilgardia 23:155-173.
deOng E.R, Knight H & Chamberlin JC (1927). “A Preliminary Study of Petroleum Oil as

an Insecticide for Citrus Trees,” Hilgardia 2: 353-384.

DeVaull GE & Brost EJ (2000a). “Non-Aqueous Phase Liquid (NAPL) Mobility Limits in
Soil.” Soil and Groundwater Research, API Bulletin No. 9.

Hawthorne SB & Miller DJ (1998). “Hydrocarbon Characterization of Gas Condensates
and Impacted Soils,” Proceedings of the International Petroleum Environmental
Conference, Albuquerque, NM, October 20-23.

Hamilton WA, Sewell HJ & Deeley G (1999). “Technical Basis for Current Soil
Management Levels of Total Petroleum Hydrocarbons.” Proceedings of the International
Petroleum Environmental Conference, Houston, TX, November 16-18.

Harju JA, Nakles DV, DeVaull G & Hopkins H (1999). "Application of Risk-Based
Approaches for the Management of E&P Sites", SPE Paper No. 52723, presented at the

HS32396.001 Pit Rule 24 of 31 10/27/07



1999 SPE/EPA Exploration and Production Environmental Conference, Austin, Texas,
February 28 - March 3.

International Programme on Chemical Safety (1982). Environmental Health Criteria 20:
Selected Petroleum Products (Geneva: World Health Organization, 1982).

Kerr JM, Hamed MM, Meiton HR, Magaw RI, McMillen SJ & Naughton G (1999a). “Risk-
Based Soil Screening Levels for Crude Oil: The Role of Polyaromatic Hydrocarbons”,
Paper presented at the International Petroleum Environmental Conference, Houston,

Texas, November 16-18.

Kerr JM, Melton HR, McMillen SJ, Magaw RI & Naughton G (1999b). "Polyaromatic
Hydrocarbon Content in Crude Oils Around the World", SPE Paper 52724, presented at
the 1999 SPE/EPA Exploration and Production Environmental Conference, Austin,
Texas , February 28 - March 3.

Louisiana Department of Environmental Quality (1998). Proposed Louisiana
Department of Environmental Quality Risk Evaluation/Corrective Action Program, April
20.

McMillen S. Magaw R, Kerr JM & Edwards DA (1999a). "A Risk-Based Screening
Method for Evaluating Total Petroleum Hydrocarbons at Upstream Sites," SPE Paper
No. 52722, presented at the 1999 SPE/EPA Exploration and Production Environmental
Conference, Austin, Texas, February 28 - March 3.

McMillen SJ, Magaw RI, Kerr JM, Sweeney RE, Nakles DV & Geiger SC (1999b). “A
New Risk-Based Approach to Establish Cleanup Levels for Total Petroleum
Hydrocarbons,” Paper presented at the International Petroleum Environmental

Conference, Houston, Texas, November 16-18.

Michigan Department of Environmental Quality, 1997. Supervisor’s Letter No. 1997-1,
“Total Petroleum Hydrocarbon (TPH) and Aesthetic Cleanup Criteria for Soil at Oil and
Gas Facilities”, May.

Nakles, D. V., J. W. Lynch, D. A. Edwards, J. G. Tell, T. L. Potter, and R. P. Andes,
1996. "Risk-Based Determination of Soil Clean-up Goals for Diesel-Contaminated Sites

HS32396.001 Pit Rule 25 of 31 10/27/07



in the Railroad Industry”, Association of American Railroads, Washington, D.C.,
September.

New Mexico Environment Department (2006). TPH Screening Guidelines.

New Mexico Oil Conservation Division, 1993. “Guidelines for Remediation of Leaks,
Spills, and Releases”, August.

Newell CJ &Conner JA (1998). “Characteristics of Dissolved Petroleum Hydrocarbon
Plumes.” Soil and Groundwater Research, API Bulletin No. 8.

Plice MJ (1948). “Some Effects of Crude Petroleum on Soil Fertility,” Soil Science
Society Proceedings 13:413-416.

Sample, B.E, Efroymson RA, Jones DS & Suter GW (1998). "Ecotoxicological
Benchmarks for Evaluation of Exposures to Petroleum Materials", Publication No. 4826,
Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge,

Tennessee.

Saterbak A, Toy RJ, Wong DCL, McMain BJ, Williams MP, Dorn PB, Brzuzy LP, Chai
EY & Salanitro JP (1999). “Ecotoxicological and Analytical Assessment of Hydrocarbon-
Contaminated Soils and Application to Ecological Risk Assessment.” Environmental
Toxicology and Chemistry 18:1591-1607.

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production

Wastes. Report to the Louisiana Department of Natural Resources.

TPHCWG (1997a). "Selection of Representative TPH Fractions Based on Fate and
Transport Considerations"”, Total Petroleum Hydrocarbon Criteria Working Group Series,

Volume 3, Amherst Scientific Publishers, Amherst, Massachusetts.

TPHCWG (1997b). "Development of Fraction Specific Reference Doses (RfDs) and
Reference Concentrations (RfCs) for Total Petroleum Hydrocarbons", Total Petroleum
Hydrocarbon Criteria Working Group Series, Volume 4, Amherst Scientific Publishers,
Ambherst, Massachusetts.

HS32396.001 Pit Rule 26 of 31 10/27/07



TPHCWG (1998a). "Analysis of Petroleum Hydrocarbons in Environmental Media",
Total Petroleum Hydrocarbon Criteria Working Group Series, Volume 1, Amherst

Scientific Publishers, Amherst, Massachusetts.

TPHCWG (1998b). "Composition of Petroleum Mixtures", Total Petroleum Hydrocarbon
Criteria Working Group Series, Volume 2, Amherst Scientific Publishers, Amherst,

Massachusetts.

TPHCWG (1999). “Human Health Risk-based Evaluation of Petroleum Release Sites:
Implementing the Working Group Approach,” Total Petroleum Hydrocarbon Criteria
Working Group Series, Volume 5, Amherst Scientific Publishers, Amherst,

Massachusetts.

Udo EJ & A. A. A. Fayemi AAA (1975). “The Effect of Oil Pollution of Soil on
Germination, Growth, and Nutrient Uptake of Corn,” J. Environ. Qual. 4. 537-540.

Western States Petroleum Association (1993). Chemical and Physical Characteristics of
Crude Oil, Gasoline, and Diesel Fuel: A Comparative Study.

Anions & Cations

Meteyer CU, Dubielzig RR, Dein FJ, Baeten LA, Moore MIS, Jehl JR & Wesenberg K
(1997). “Sodium toxicity and pathology associated with exposure of waterfowl to
hypersaline playa lakes of southeast New Mexico.” J Vet Diagn Invest 9: 269-280.

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Chloride.

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:

Sodium.

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production

Wastes. Report to the Louisiana Department of Natural Resources.

Metals

HS32396.001 Pit Rule 27 of 31 10/27/07



Magaw RI, McMillen SJ, Gala WR, Trefry JH, Trocine RP (1999b). "A Risk Evaluation of
Metals in Crude Oils”, SPE Paper No. 52725, presented at the 1999 SPE/EPA
Exploration and Production Environmental Conference, Austin, Texas, February 28 -
March 3.

Magaw RI, S. J. McMillen SJ, Gala WR, Trefry JH & Trocine RP (1999a). "Risk
Evaluation of Metals in Crude Oils", Paper presented at the International Petroleum

Environmental Conference, Houston, Texas, November 16-18.

Reible DD & Valsaraj KT (1999). TCLP Characterization of Exploration and Production

Wastes in Louisiana. Final Report to Louisiana Department of Natural Resources

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Arsenic Compounds (CAS Not Assigned).

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Barium (CAS Not Assigned).

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Barium Sulfate (CAS 7727-43-7).—

US Environmental Protection Agéncy (2007). Hazardous Substances Data Bank: Lead
Compounds (CAS Not Assigned).

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production

Wastes. Report to the Louisiana Department of Natural Resources.

Volatile Organic Compounds

Rixey WG, McMillen SJ, Magaw RI & Naughton G (1999). "An Evaluation of Benzene
Risk at E&P Sites", Paper presented at the International Petroleum Environmental

Conference, Houston, Texas, November 16-18.

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production
Wastes. Report to the Louisiana Department of Natural Resources.

HS32396.001 Pit Rule 28 of 31 10/27/07



US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Benzene (CAS 71-43-2).

Semi-Volatile Organic Compounds

Kerr JM, Hamed MM, Melton HR, Magaw RI, McMillen SJ & Naughton G (1999a). “Risk-
Based Soil Screening Levels for Crude Oil: The Role of Polyaromatic Hydrocarbons",
Paper presented at the International Petroleum Environmental Conference, Houston,

Texas, November 16-18.

Kerr JM, Melton HR, McMillen SJ, Magaw RI & Naughton G (1999b). "Polyaromatic
Hydrocarbon Content in Crude Oils Around the World", SPE Paper 52724, presented at
the 1999 SPE/EPA Exploration and Production Environmental Conference, Austin,
Texas , February 28 - March 3.

Thomas FB (2000). Phase 3 Report: Risk-Based Evaluation of Exploration & Production

Wastes. Report to the Louisiana Department of Natural Resources.

US Environmental Protection Agency (1992). Dermal Exposure Assessment: Principles
and Application, Interim Report, EPA/600/8-91/011B.

US Environmental Protection Agency (1995). Exposure Factors Handbook, EPA/600/8-
89/043.

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Naphthalene (CAS 91-20-3).

US Environmental Protection Agency (2007). Hazardous Substances Data Bank: 1-
Methylnaphthalene (CAS 90-12-0).

US Environmental Protection Agency (2007). Hazardous Substances Data Bank: 2-
Methylnaphthalene (CAS 91-57-6).

US Environmental Protection Agency (2007). Hazardous Substances Data Bank:
Benzo(a)pyrene (CAS 50-32-8).

HS32396.001 Pit Rule 29 of 31 10/27/07



Wallcave L, Garcia H, Feldman R, Lijinsky W & Shubik P (1971). Skin tumorigenesis in
mice by petroleum asphalts and coal-tar pitches of known polynuclear aromatic
hydrocarbon content. Toxicol Appl Pharmacol 18(1): 41-52.

OCD Proposal
New Mexico Oil Conservation Division (2007). 19 NMAC 19.15.17.

New Mexico Water Quality Conservation Commission (2004). 20 NMAC
6.2.3103.A&B.

Alternative Impacts

Daniel B. Stephens & Associates, Inc. (2007). Effects of NMOCD Proposed Rule 53:

Reserve Pits Removal.

HS832396.001 Pit Rule 30 of 31 10/27/07



ATTACHMENTS TO REPORT

A Corrected Summary Table (comparison to NMED SSLs version 4; deletion
of halogenated surrogate compounds)

B Daniel B. Stephens & Associates, Inc. (2007). Effects of NMOCD
Proposed Rule 53: Reserve Pits Removal.

HS32396.001 Pit Rule 31 of 31 10/27/07



v

INHINHOVLLV
(LINN(Z)aN aN /6w ajeyoea]
§2'0-QN GL0E0 82°0- QN S¥0°0 16€ Bx/bw pIoS EELYIS
L$0'0- GN £100°0 7900~ aN L2000 /bw ajeyoea
Z-aN 9e'0 v'Z-QaN 9Ev0 L6g Bx/Bu plIos WNIN313S
£000°0-aN S00000 || ¥2000°0- AN | 8600000 bw ajeyoea]
€1°0-8100°0 11200 950°0-€6000 | ¥62°0 000001 bw/bw pIoS AYNOYIN
NN WN J/6w ajeyoean
0£5 - 2L 929l 09% - 081 €61 065€ By/bw piios 3ISINVONVYIA
120°0- AN 2000 ZL0- QN £Y0°0 qbw ajeyoea]
vZ-vl z6 01Z-2¢ L9 00v Bx/bw pilos aval
AN NN q/bw ?jeyoea
00092 - 00t 1’6258 000SZ - 0086 | 9SES) 005€2 by/bw piios NOuI
NN WN q/bw 3)eyoeay
0€l -GN A" 0zh -8l L9 0€LE Bx/bw pios ¥3dd09D
Zv0'0- AN 1100 820°0 - ON L00°0 q/bw 8jeyoea’
vy v'8l €£-8'G LGl vez Bx/Bu piios WNINOYHD
£900°0 - AN 22000 1000 - AN £000°0 q/bw 3jeyoesn
Ge'0- QN €510 £9°0- AN 620 6 by/bw plloS WNINAVYD
150-QaN 8620 vL-1E0 690 J/bw ajeyoea
00S.- 6l v'€9LL 000.Z - 016 10001 0095} By/bw pljos WNidve
anN anN /Bw djeyoea
Ly-viL €z 99- AN Ly 6'¢ Bx/bw pijos DINISHY
e o TR R i Sl . -STIVLIIN
[ obued 01 | BAV O1 | ebues Ors |BAY OPS|#1SSGIWN] SWun. | o3 | jusmpsuod

[20/8L/10L pasIAay]

(¥ NOISH3A) ST1SS QINN HLIM NOSINVAINOD - (STV.LIN

¥04 30092 ..8.. 410 SOINVOHO ¥04 3A0I .M. = SINTVA GILVINILST ONIGNTONI) NOILVYLINIONOD
378v1031304 V d31I18IHX3 31dINVS INO 1SV31 1V HOIHM ¥0d4 SANNOdINOD 11V




AN AN RV 2)eyoean
WN L'L-aN 600 901 Bx/6w pi1oS 3INZNIBIALNG-14¥31
NN N /6w ajeyoea
1Z-aN 22 Z'L-aN Ev'0 909 Ex/bw pllos INIZNIGIALNG-D3S
WN AN J/6w ajeyoean
6€-20'0 Ly L'1-aN €590 129 Bx/Bw pios 3INIZNIFIALNG-N
NN anN q/6w ajeyoesn
WN 9¢'0-aN 5200 0081€ By/Bu piIoS ANONVYLNE-Z
9v-aN 8LL0 L0'0-ON £9000°0 /6w ajeyoes]
0¥ L-GN L8 65°0-ON €210 €0l /6w pijos 3IN3IZN38
NN NN /6w Jjeyoean
L'G-ON £P0’L t2-aN 90'c 00182 Bx/bw piog 3INOLIDY
T e ~ SONNOJWOD DINVOYO INLVION
0000S2-00v9 | 8265Z | 000'}1-006'L — Bybw pIos | ~wniaos
0008€-ON 60¥9 00Z'6-08¢ = Bx/Bw pllog WNISSVY.LOd
00L2-ON cie 068-GN 00201 Bx/Bw pIlIOS WNISANOVYIN
0001€-aN €061 000'S1-0vL = Bx/bw PlIOS WNIDTVD
. .” .. . L D . [T Do g W.wZO_._..(U
9L 0-ON o 0zzr Bwbw PIoS WIOL 3AINVAD
0002.- AN 960€e 000'L L-aN vzee — Bx/Bw pios 31v4INS
069- QN 6L 0€Z-aN ze 000001 [ plos NIOOYLIN SV 'FLVHLIN
LL-ON 8/ LL-GN L 0.9¢ By/Bw pios 3aqron4
00002ZY - ON 8,292} 000'51-08¢ 9Z6€ — Bx/Bw pilog 3ANOTHD
o e S SNOINV
o _— e T =0
06Z - AN g8zl 0zZL - 92 89 005€2 bx/bw pilos ONIZ
WN WN /6w ajeyoea
0L-9¥°0 LLE LL-€p0 Ll — B/6wi pllog WNINYYEN




NN WN /6w ajeyoea
91-aN 9¢ L'g-ON e Z8 Bi/Buu plos INTIAX-d+IN
N AN /6w sjelyoean
€1-aN 6} 6Z-ON 180 566 B/ pIiog INTIAX-O
AN WN 1/bw ajeyoean
0EL-EY'0 St 8°-GN Ly 8'v2 - By/bw PYOS INIZNIGTAHLINIL-GE' L
NN WN /B ajeyoes
0¥S-aN LL'SE LL-aN € 8s /B pilos INIZNIFTAHLINIYLY'Z' L
WN N q/bw sjeyoesn
08Z-AN 88l S'1-aN £180°0 2se /B S 3IN3aNTIOL
N aN /b sjeyoea
WN LL'0-GN 100 ST Bx/Bw pilos ¢ INFH1IOHOTHOVYHLIL
WN NN /bW ajeyoesn]
96-GN 9/ #'1-ON 40 1’29 By/buw pios INTZNIGTIAJOYUI"N
WN WN 1/bw ajeyses
8'G-ON S0 L'7-GON v0'2 00€8} ~by/bw plI0s TONIHd
NN aN /6w ajeyoean
NN 95°0-QN 800 — /6w PloS TONIHJTAHLIN-¥'E
N WN /6w ajeyoea
WN G0'0-ON 100 z8l Bx/bw PioS 3JOIHOTHO INTTAHLIN
WN NN J/Bw 8jeyoea
1Z-aN S0 08'0-QN L¥0 — Bx/Bw pIOS 3ININTOLTALOYdOSI-d
N WN /8w sjeyoea
S1-aN € 78'0-GN /810 - Bx/bw pijos 3INIZNIGTAJOYLOSI
N WN /6w ajeyoean
L'€-QN G0t 8'1L-aN 9160 8zt Bx/bwi plios INAZNIGTAHLI
WN WN Tbw sjeyoea’
L2-aN 1000 v%0'0-GN 1200 09t B/bw piios 3a141NSIA NOGHYD




v comm__>wm '(s18S) sleasT Buiuaaing 10§ "(9002) Juswupeds( JUSWUOIIALT OJIXN MEN .

|

00259-0/99 | SE£'1.522 006929 GZ61 - WO/OYNN ALIAILONANOD 214103dS
G6'LLvL LL'6 1'€L-92'9 b - Hd Hd
i R ¥3H10
WN WN 7/6w Em.nommj .
Z0'L-ON SL10 8'L-ON T — B1od pilos gzz-ey
AN NN 7/6w ajeyoea
LS 'L-ON 0L L6'1-€6°0 sv'h - B/10d pilos 9zz-ey
e N CWniavy
AN AN BRT ECEy ,
00061-0%2 L'166% 00092-GN £'€192 — Bx/bw plI0S 3ISY3IUO ANV IO
WN WN T/bw sjeyoea
00092-21 glLezL 0008-01 1 L2 - bx/bw piios SOINVOYO JONVY 13531d
AN N /6w 2)eyoean
0052-29°0 L9y 09L-aN Ly — Bx/6w pIog SOINVOHO IONYA ANITOSVYD
i oowi L SNOSHVOOHAAH WNIT0¥13d
N N Tw | slevoesd | -
0ZL-aN G611 8-aN €6°L 564 Bx/Bu pljog ANTTVYHLHAYN
AN WN 7/Bw ajeyoes
92-aN SL'bL 09Z-aN 108 — By/bw pioS ANITIVHIHAYNIAHLIW-Z
WN AN bw 9jeyoean
G€0 6.6 9z-aN CX - Bx/bw poS ANTIVHLHAYNIAHLIIN-L
NN WN /6w sjeyoea
NN SZ'0-aN €00 90 Bx/bw pijog INTHA(VY)OZNIE

(SDOAS) SGNNOJINOD DINVSHO F LV IOATNIS




'9]1qe] Sty} Wolj PAAOWAI Uaaq alojalay) sey jousydoioyseuad
pue ‘punodwod siyj Joj }o8}ap-uou ag 0} puno} aiojaiay} aiam sajdwes pazijeue ||y "(pod .N.) 10319p-uou se pauodal uaaq aaey
pINoYs 3] 39811092 jou S| jouaydolojyoejuad Jo} sn o) papodas anjen By/6w Zy0 0 2y} 1BY} Sh pauwllojul Alojeioge| jeonkjeue ay] v

‘punodwod siy] 10} J99}ap-ucu diam sajdwies Jaylo |y "UoRN|IP X0S 1B pPalosjep Jou Sem jng ‘Uoinjip XS Je
pazAjeue pue |-OrS lid wol pajoa|jod aidwes s|buls e ui (Bey DD ou :By/6w 021) pe1oslep ag o) papodal sem ausyjeolojyoena .

‘9]qe) SIYy) WOy pIjajap uaaq 2104313y} aaey spunodwos asay] (SDOAS - 028 Poulaly 1o} sajebolins se pasn) jouaydowoiqu
-g't'z pue ‘Jouaydoioni4-z ‘JAusydiqoion|4-z (SDOA - 09Z8 POUISIA 10} sajeboilns se pasn) aueyjawolionyowoliqig

pue auazuaqoionyowoig- (g0d/1STd - 2808 POUIsiN 1o} sejebolins se pasn) ausjdx-w-olojyoena] pue JAusydigoiojysesaq
‘(Hd1 - 5108 poulai 1o} salebouns se pasn) |Auaydia] -0 pue auanjojolonyid]-¢'¢'Z PaPNjoUl SPUNoOdU0D 3say| "SaJaA0D8I
ajAjeue 1e oo} 0} Aiojeloqe} ay) Aq pappe sajebouns Hp Ajlenjoe aiam sud yAr 243 Ul pajoalap se payiuapl Ajjeniul spunodwod
pajeuaboley [eJaASS Jey) pajeanal Alojeloge) JedlAleue SU} YIM UOISSNISIP ‘90104 YSe | S,J0UISA0S) 8y} 0} podal ay) Buinssi Jayy ,



