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R. T. H I C K S C O N S U L T A N T S , L T D . 

901 Rio Grande Blvd NW A Suite F-142 • Albuquerque, NM 87104 • 505.266.5004 • Fax: 505.266-0745 

January 31, 2006 

Wayne Price 
NMOCD Environmental Bureau 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Via E-mail and Federal Express 
RE: Progress Report 

Abo IG Pipeline Release NMOCD Case #1R0415 
Section 1, 17S, 36E, Unit G 

Dear Wayne: 

The vadose zone remedy for the above-referenced site is almost complete. We will 
forward a final report on or before February 28, after final grading of the site. The purpose 
of this letter is to describe the vadose zone monitoring devices that we installed to monitor 
the performance of the infiltration barrier and to describe several changes to the original 
design and the rationale for these changes. 

1. Field data demonstrated that chloride did not exceed 1000 mg/kg at several 
locations. Examination of data collected from deep trenches show little to no 
material impact due to chloride in several areas, in conformance with our 
previous data collection program. Therefore, in conformance with the 
conditional approval and subsequent e-mail communication, a clay infiltration 
barrier is not required over the areas where the chloride concentration is less 
than 1000 mg/kg. A clay infiltration barrier will be installed in the northernmost 
and westernmost portion of the spill area where evidence demonstrates that a 
chloride mass resides at depth (e.g. SB-1 shows about 1400 ppm chloride at 15 
feet). 

2. Thirteen cells in the southwestern area, excavated to a depth of 5 feet bgs, have 
chloride concentrations greater than 1000 mg/kg but less than 1750 mg/kg at 
this depth. These cells have been excavated with an additional lateral 3-foot 
buffer around the perimeter and are receiving clay infiltration barriers. Cells in 
the southeastern area required only minimal excavation. 

3. Fill, verified less than 250 mg/kg chloride concentration, was placed in the 
excavation and contoured. 

Thf>attached drawing is a schematic ofthe pan lysimeter design installed at two locations 
within the site. Lysimeter 1 is installed in Grid 6 in the northern excavated area and 
Lysimeter 2 is installed in Grid 38 in the southern excavated area. Lysimeter 1 was installed 
at the bottom of a trench wall dug eight feet below the excavated surface. Lysimeter 2 was 
installed at the bottom of a trench wall dug four feet below the excavated ground surface. 
With each lysimeter, two casings were installed such that the bottoms of the casings 
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access the vadose zone at depths of six inches below the lysimeter pan bottom and one 
foot above the lysimeter pan bottom. The casings allow placement of a tensiometer to 
measure soil matric potential and hence soil moisture content both above and below the 
lysimeter sampling depth. If collection of vadose zone water samples prove difficult, the 
soil moisture content data will provide explanation. 

We propose plugging and abandonment of the monitoring well and sampling the vadose 
zone monitoring devices two times per year for three years. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

Randall Hicks 
Principal 

David Hamilton 
Staff Hydrogeologist 

Copy: Rice Operating Company 
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PATRICK H. LYONS 
COMMISSIONER 

January 31, 2006 

Ms. Carolyn Haynes 
RICE Operating Company 
122 West Taylor 
Hobbs, NM 88240 

RE: Road Repair Material Exceeding Guidelines 
ABO IG Excavation Project, NMOCD Case # 1R0415 
Section 1, Township 17S, Rage 36E, Unit G 

Dear Ms. Haynes: 

The New Mexico State Land Office (SLO) respectfully denies the request to place 
excavated caliche from the ABO IG Excavation Project (ABO Project) containing 
Chloride concentrations of up to 1000 ppm on SLO issued Rights-of-Way. 

The Commissioner of Public Lands and the SLO have a duty to manage state trust land in 
a manner that includes "sound stewardship and land management practices"1. Placing 
materials that originated from City of Lovington land that exceed 250 ppm [20.6.2.3103 
NMAC] on state trust lands raises issues pertaining to "sound stewardship" land 
management practices for the SLO. Several of those issues relate to the current lack of 
New Mexico Oil Conservation Division and SLO policy on the disposal of elevated 
Chloride materials outside permitted surface waste management facilities. 

The State Land Office values RICE Operating Company as a lessee and feels the 
exchange regarding the subject in question as meaningful. We look forward to working 
with you in the future on similar issues in a cooperative manner. 

Sincerely, 

Jerry King, Assistant Commissioner 
Surface Resources Division 

Cc: Wayne Price-NMOCD 
Cody Morrow - NMSLO 

1 Branson School District RE-82 v. Romer 958 F.Supp. 1501 (D.Colo.,1997) 

-State Land Office Beneficiaries -
Carrie Tingley Hospilal • Charitable Penal & Reform • Common Schools • Eastern NM University • Rio Grande Improvement • Miners' Hospital of NM »NM Boys 
School • NM Highlands University • NM Institute of Mining & Technology • New Mexico Military lnstitule*NM School for the Deaf • NM School for the Visually 
Handicapped • NM Slate Hospital • New Mexico State University • Northern NM Community College • Penitentiary of New Mexico • Public Buildings at Capital • 

State ofj\t%o MeTcico 
^ J ^ L COMMISSIONER S OFFICE 

Commissioner of <Pu6tic Lands P h o n e (505>827 5 7 6 0 

310 OLD SANTA FE TRAIL F a X ( 5 ° 5 > 8 f ™ 
POBOX 1148 www.nmstatelands.org 

SANTA FE, NEW MEXICO 87504-1148 
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Price, Wayne, EMNRD 

To: 

Sent: 

From: Price, Wayne, EMNRD 

Thursday, January 05, 2006 4:26 PM 

'Carolyn Doran Haynes' 

Cc: Sanchez, Daniel J., EMNRD; 'Randall Hicks'; TKostrubala@slo.state.nm.us; Pat Wise 
(pwise@lovington-nm.org); Patrick B. McMahon (hsncpbm@leaco.net) 

Subject: RE: Road Repair Material - ABO project 

OCD hereby approves of ROC's request to recycle the soil from the ABO site for road repair with the following 
conditions: 

1. All material shall be graded into existing roads in the Oil Center area and only on state land. Water may be 
added for proper placement, compaction and dust control if necessary. 
2. ROC shall provide photos and location of placement areas when submitting the ABO Closure report. 

Please be advised that NMOCD approval of this plan does not relieve ROC of Responsibility should 
their operations pose a threat to ground water, surface water, human health or the environment. In 
addition, NMOCD approval does not relieve ROC of responsibility for compliance with any other 
federal, state, or local laws and/or regulations. 

From: Carolyn Doran Haynes [mailto:cdhriceswd@valornet.com] 
Sent: Thursday, January 05, 2006 3:33 PM 
To: Price, Wayne, EMNRD 
Cc: Sanchez, Daniel J., EMNRD; 'Randall Hicks'; TKostrubala@slo.state.nm.us 
Subject: Road Repair Material - ABO project 

I have discussed the usage for road repair of <1000ppm chloride, <100ppm TPH caliche with Leon Anderson, 
SLO, Hobbs office. He was quite enthusiastic about it, saying that he's wanted this for a long time and he 
certainly supports the proposal, but was also cautious and wanted confirmation from the Santa Fe office. I 
contacted Thaddeus Kostrubala, environmental engineer, of the Santa Fe SLO office and will forward to him the 
proposal we sent to you at NMOCD. He will review and discuss with others in his office before rendering opinion. 

Would you please copy the SLO on NMOCD's reply: TKostrubala@slo.state.nm.us 

Rice Operating Company (ROC) wants to assure the NMOCD that the caliche material from the ABO IG 
Excavation Project meeting this criteria: <1000ppm Chloride and <100ppm TPH, would NOT be used on the land 
owned by the City of Lovington, nor will it be used within 1 mile of their perimeter. 

At this time, the road repair material will be used in the Oil Center vicinity on NM State Land - Sections 1 -36, 
T21S, R36E where groundwater is 100+ feet BGS or not available; where there are no surface bodies of water or 
domestic water wells within 1000 feet of the road repair site; and only where there is agreement with the surface 
landowner to do so. 

ROC is also willing to monitor the chloride infiltration to confirm the modeling results by periodically investigating 
the soils beneath and near the road repair for the migration of chlorides. The effort afforded to expanding the 
environmental benefit of our oilfield remediation projects is effort well placed. 

Thank you for your consideration of this matter. 

Wayne, 

1/6/2006 
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PS: Have you had any thoughts about the February 1 meeting location? We should be installing the lysimeters 
and tensiometers at the ABO site around this time...any interest in seeing that? We could combine the two 
events. 

Carolyn Doran Haynes 
Engineering Manager 
RICE Operating Company 
505-393-9174 
505-397-1471 (fax) 

1/6/2006 
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Price, Wayne, EMNRD 

To: 

Sent: 

Cc: 

From: Randall Hicks [r@rthicksconsult.com] 

Thursday, December 29, 2005 9:51 AM 

Price, Wayne, EMNRD 

'Kristin Farris Pope' 

Subject: Lovington Abo 

Wayne 

I will give you a call later today to discuss our recent submission regarding recycle-reuse of the caliche at the 
Abo-1G site. 

As I indicated in my email of 12-19, I think that we used more conservative input parameters in our simulation 
than you did for your VADSAT modeling of chloride at landfarms. 

As ROC begins to dig next week, we would really like to get a response from NMOCD - but first, let's talk about it. 

Randy Hicks 
505-266-5004 
cell: 505-238-9515 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to 
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information 
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by 
telephone and return the original message to us at the address listed above. Thank you. 

1/6/2006 
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Price, Wayne, EMNRD 

From: Randall Hicks [r@rthicksconsult.com] 

Sent: Monday, December 19, 2005 4:44 PM 

To: Price, Wayne, EMNRD 

Cc: 'Kristin Farris Pope'; 'Carolyn Doran Haynes'; 'David Hamilton' 

Subject: Lovington Abo-1 G 

Attachments: Caliche_Reuse_Proposal_12.19rth6.pdf 

Wayne 

Please do not hesitate to give Kristin a call about this and we can set up a phone conference to discuss this 
proposal. I believe you will easily see that our simulation does not differ materially from the VADSAT model 
NMOCD ran in support of the 1000 mg/kg chloride limit for landfarms (new Surface Waste Management Rule). In 
other words, the output from our HYDRUS simulation agrees with your VADSAT simulation considering that each 
used slightly different input data. 

ROC is interested in starting work on this and if you find this proposal approvable, that would help move things 
forward. I apologize for not getting this to you last week as I had originally thought I could. 

Randy Hicks 
505-266-5004 
cell: 505-238-9515 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to 
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information 
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by 
telephone and return the original message to us at the address listed above. Thank you. 

1/6/2006 
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901 Rio Grande Blvd NW • Suite F-142 • Albuquerque, NM 87104 • 505.266.5004 • Fax: 505.266-0745 

December 19, 2005 

Wayne Price 
NMOCD Environmental Bureau 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Via E-mail and Federal Express 
RE: Amended Corrective Action Plan 

Abo IG Pipeline Release NMOCD Case #1R0415 
Section 1, 17S, 36E, Unit G 

Dear Wayne: 

We offer the following idea for NMOCD consideration. Underlying the surface soil at the 
site is about 1-3 feet of hard caliche with an average chloride concentration of 1,200 mg/kg 
(see Table 1). As part of the conditional approval of the remedy proposed in the August 
2005 Amended Corrective Action Plan, NMOCD requires disposal of this material to reduce 
the chloride mass that exists at this spill site. Rather than dispose of this material at a 
landfill, we propose to excavate and remove this caliche material in the area of the 
excavation and cap and use the caliche for the repair of nearby roads or minor repairs to 
well pads. Rather than create a waste for disposal at a landfill, we propose to create a 
product: road gravel. ROC will work with the City of Lovington to identify nearby roads in 
need of repair. ROC will spread this caliche gravel on 15-foot wide roads that run 
perpendicular to ground water flow (essentially north-south roads) to a thickness that will 
not exceed an average of 6-inches. 

We employed the data and assumptions discussed below and the modeling protocol 
outlined in the Amended Corrective Action Plan to predict the potential impact of this 
reduce-reuse-recycle program. Using this caliche as road gravel at nearby locations is 
consistent with NMOCD's stated goal of reducing the mass of chloride present at this site. 

HYDRUS-1D Modeling Experiment 
We employed the same modeling protocol outlined in the Amended CAP. The following 
assumptions and data apply to the prediction of minor well pad repairs or gravel repair of 
north-south running roads: 

• Table 1 synopsizes the results of Rice Operating Company's chloride sampling at the 
Abo Apache 1-G site. From interpolated data points. We calculated an average 
chloride concentration of approximately 1200 mg/kg from 0.5 feet below ground 
surface (bgs) to 3.5 feet bgs. 

• A 6-inch thickness of 1,200 mg/kg chloride material creates a chloride load of 0.34 
kg/m2. 
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• A comparison with the well logs from the nearby Navajo refinery allows us to 
conclude that the vadose zone in the area near Abo-IG is similar to that represented 
in the well logs at the site. 

• For this HYDRUS-1D modeling experiment we used the soil profile derived from the 
logs of MW-1 and SB-1. Within this soil profile we installed a chloride concentration 
of 1200 mg/kg within the top 6 inches of the soil profile and an ambient chloride 
concentration of 60 mg/kg from below this horizon to ground water. 

• From examination of the chloride data obtained below 50 feet bgs during the drilling 
of MW-1, we conclude that ambient chloride concentration beneath a road or well 
pad in the area is approximately 60 mg/kg. 

• The field-calibrated HYDRUS-1D model used in the August 2005 Amended Corrective 
Action Plan adequately predicts the chloride flux to ground water in the area of the 
Abo-IG site 

• The calibrated HYDRUS-1D model can predict the chloride flux to ground water by 
placing a chloride load of 0.34 kg/m2 on the top of the lithologic and chloride profile 
of the background soil boring then allowing precipitation on this flat, un-vegetated 
surface. 

• Because ground water flow is east to southeast in this area, we can assume that the 
maximum distance parallel to ground water flow beneath a 15 foot wide north-south 
road or similar well pad repair is no more than 30 feet. 

• From water quality data obtained at MW-1, we calculated an average chloride 
concentration of 93 mg/l with in ground water and a natural variation between 72 
mg/l and 120mg/l. 

Careful examination of HYDRUS-1D output files from the Abo 1-G site Amended Correction 
Action Plan demonstrate that chloride from the spill events first reaches ground water after 
about 20 years from present with the center of chloride mass from the releases reaching 
ground water about 29 years from now. 

As discussed in the Amended CAP, the HYDRUS-1D model for this area is calibrated with 
chloride migration data in the upper vadose zone. These data suggest migration rates of 
approximately 1-foot per year in well indurated caliches and approximately 3-feet per year 
within sand layers. The lower layers of the vadose zone in this area are dominated by 
sands resulting in faster migration rates through the lower horizon. 

We know from the drilling and installation of MW-1 that there exists a well indurated 
caliche layer between 36 and 37 feet bgs. Field chloride data obtained during the 2004 and 
2005 field programs shows that the hydraulic conductivity of this layer is quite low. Below 
this layer, chloride concentrations rapidly decline to background concentrations. The 
chloride at this horizon may represent the leading edge of the 1993 spill event given 
migration rates predicted by Hydrus 1-D (about 3.1 feet/year migration rate). However, 
the concentration gradient may be a result of earlier (1960s?) anthropomorphic oilfield 
effects in this area, which would yield a chloride migration rate of about 1-foot per year. 
While we can not say which the case is, the Hydrus 1-D modeling is necessarily constructed 



December 19, 2005 
Page 3 

of choices conservative of ground water quality whenever field data does not provide 
evidence for choice of input parameters. Because we have elected to employ a average 
migration rate through the vadose zone of about 3-feet per year, the modeling will over 
predict maximum chloride concentration in ground if the migration rate is actually 1-foot 
per year. 

A similar examination of HYDRUS-1D output files for this proposal demonstrate chloride 
from the road repair first reaches ground water in approximately 24 years with the center 
of the chloride mass entering ground water about 29 years from time=0 in agreement with 
the Abo 1-G results. 

Figure 1 presents the model's prediction of chloride concentration in a monitoring well 
immediately down gradient of a road that is repaired by the application of 6 inches of 
caliche from the site. Within the mixing model at time = 0, ground water that enters the 
mixing zone has a chloride concentration of 93 mg/L, the value of the input discussed 
above. Soon after time=0, the additional natural chloride flux from the vadose zone to the 
aquifer causes the predicted chloride concentration in ground water to vary between 102 
and 99 ppm until about year 12. Between year 12 and year 22, the natural flux of chloride 
into the aquifer increases as a result of "wet" years within the atmospheric data, causing 
an additional predicted increase of chloride to about 110 ppm. To reiterate, these 
variations in chloride concentrations predicted in the model for years 0-22 result from 
natural conditions and are not due to the installation of caliche road repairs. 

Our analysis of the model output shows that chloride molecules from the caliche pad begin 
to enter ground water about year 24. The center of mass of chloride leached from the 
caliche road repair intercepts ground water about year 29 and creates a maximum chloride 
concentration of 128 mg/l or about 19 mg/L greater than the maximum concentration due 
to natural causes. Although the highly-conservative model predicts a natural chloride 
variation from 93 to 110 mg/L, the natural variation of chloride concentration is 
documented at MW-1 as a variation between 72 mg/L and 120 mg/L. Because the natural 
variation is 48 ppm, the theoretical contribution of chloride to the aquifer (19 mg/L) from 
the caliche road repair is too small to be detected. 
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Figurel : Chloride Concentration Observed in the Aquifer at the Down Gradient 
Edge of a North-South Road with a 6 inch thick Layer of 1200 ppm Caliche 
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After year 29, predicted ground water chloride concentrations decrease and approach the 
model input value of 93 mg/L. This prediction is due to the model's assumption that 
precipitation is essentially distilled water and, therefore, salt does not accumulate in the 
root zone due to evapotranspiration. As the model predictions trend toward the input value 
of 93 mg/L, we know that the effect of the chloride load of 0.34 kg/m2 has passed through 
the model. 

Because HYDRUS-1D over estimates the potential impact to ground water and because the 
example employs other conservative input, we believe this model demonstrates that the 
proposed reduce-reuse-recycle program protects fresh water, public health and the 
environment. In fact, this submittal shows that the theoretical contribution of chloride to 
ground water is too small to detect by ground water monitoring. Finally, we conclude that 
this reduce-reuse-recycle program could result in a total chloride contribution to ground 
water of zero because of the highly-conservative input parameters employed in our 
simulation. 

If NMOCD concurs with this overall approach but needs additional data and/or simulations 
to gain the degree of assurance required for this program in an area that overlies the water 
supply of the City of Lovington, we would be pleased to oblige. The alternative of hauling 
the caliche to a landfill appears to create a greater impact to the environment and public 
safety than this proposal. We believe this relocation of the chloride load (i.e. caliche) from 
the site and dispersal of the chloride to appropriately small areas of well pads or north-
south roads provides better protection of ground water than the remedy originally 
proposed in August 2005. 
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As you recall, the HYDRUS-1D model ofthe remedy in the Amended CAP demonstrated (to 
our satisfaction) that the proposed clay cap and no exportation of impacted material was 
protective of fresh water, public health and the environment. The exportation of the 
caliche from the site and landfill disposal of sandy-clay material that exceeds 2,000 mg/kg 
removes some of the chloride mass from the site and provides a higher degree of certainty 
that the proposed remedy is fully consistent with NMOCD Rules. We respectfully request 
you consider this reduce-reuse-recycle proposal in lieu of landfill disposal of the caliche (as 
suggested in your conditional approval) and the blending action as proposed in the 
Amended CAP. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

Randall Hicks 
Principal 

David Hamilton 
Staff Hydrogeologist 

Copy: Rice Operating Company 
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Price, Wayne, EMNRD 

From: Price, Wayne, EMNRD 

Sent: Thursday, November 17, 2005 12:10 PM 

To: 'Carolyn Doran Haynes'; Sanchez, Daniel J., EMNRD 

Cc: 'Kristin Farris Pope'; 'Randall Hicks'; Patrick B. McMahon (hsncpbm@leaco.net) 

Subject: RE: Rice ABO 1G Release site 1R0415 

Dear Ms. Haynes: 

Point #1: OCD's intent is for ROC to remove as much chloride mass to some practical extent. If there are 
areas where the contamination is only three (3) feet deep then you would only be required to remove that portion. 

Point#3. OCD will require clean back-fill at this site due to the sensitive nature i.e. close proximity to a public well 
supply. 

If you have any further questions please do not hesitate to call or write. 

From: Carolyn Doran Haynes [mailto:cdhriceswd@valornet.com] 
Sent: Friday, November 11, 2005 12:18 PM 
To: Price, Wayne, EMNRD; Sanchez, Daniel J., EMNRD 
Cc: 'Kristin Farris Pope'; 'Randall Hicks' 
Subject: RE: Rice ABO IG Release site 1R0415 

Wayne and Daniel, 

There are 2 points of your conditions for the ABO 1G Release Site that Rice and System Partners would like 
clarification. 

Point # 1: Remove a minimum of five (5) feet of soil in all impacted areas and dispose of at an approved OCD 
site. 

For Example: Remove IMPACTED soils or a minimum of 5 feet - if impacted soils are only 3' deep or less 
(as many of the perimeter areas are) just remove the 3 feet. If impact is greater than 5 feet, remove 5 feet. 

Also, for disposal of removed soils, dispose of soils greater than 1000 ppm Chlorides (or a concentration 
that OCD can support) and stage lesser-impacted soils for on-site blending. 

Point # 3: Backfill over the barrier area with a minimum of three (3) feet of clean soil that will support vegetation. 

It is ROC's experience that soils <1000 ppm Chloride can successfully support native vegetation. The API 
(and Dr. Lloyd E. Deuel and Texas A&M) actually supports a concentration of 800 ppm Chloride. A web site for 
reference would be: http://aanews.tamu.edu/drought/DRGHTPAK/SALITAB9.HTM Look for the Texas A&M 
University document titled "Chloride Tolerance of Agricultural Crops." 

Could OCD clarify an acceptable concentration? ROC would like to retain as much of the native soil as 
possible to blend with fresh, foreign soil that will be hauled-in. Generally, with the consideration for 12" of 
compacted clay (95% of proctor test with permeability of <1 x 10"7 cm/sec?) we will haul in an amount equal to the 
hauled-out amount. We will compact all soils and slightly mound the area to compensate for settling over time. 

Please respond so ROC can distribute the AFE for this work. We will meet the January closure request if we get 

11/17/2005 



this out asap. 

Thank you. 

Carolyn Doran Haynes 
Engineering Manager 
RICE Operating Company 
505-393-9174 
505-397-1471 (fax) 

From: Price, Wayne, EMNRD [mailto:wayne.price@state.nm.us] 
Sent: Friday, November 04, 2005 3:44 PM 
To: cdhriceswd@valornet.com 
Cc: Sheeley, Paul, EMNRD; hsncpbm@leaco.net; seay04@leaco.net 
Subject: Rice ABO IG Release site 1R0415 

Dear Ms. Haynes: 

Please find enclosed the work plan approval for the Lovington ABO 1G release site. Please notify the City of 
Lovington and the OCD Hobbs office before starting. 

Page 2 of 2 

Wayne Price-Senior Environmental Engr. 
Oil Conservation Division 
1220 S. Saint Francis 
Santa Fe, NM 87505 
E-mail wayne.price@state.nm.us 
Tele: 505-476-3487 
Fax: 505-4763462 

Confidentiality Notice: This e-mail, including all attachments is for the sole use of the intended recipient 
(s) and may contain confidential and privileged information. Any unauthorized review, use, disclosure 
or distribution is prohibited unless specifically provided under the New Mexico Inspection of Public 
Records Act. If you are not the intended recipient, please contact the sender and destroy all copies of this 
message. ~ This email has been scanned by the Sybari - Antigen Email System. 

11/17/2005 
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From: Price, Wayne, EMNRD Sent: Fri 11/4/2005 3:43 PM 
To: cdhriceswd@valornet.com 

Cc: Sheeley, Paul, EMNRD; hsncpbm@leaco.net; seay04@leaco.net 
Subject: Rice ABO IG Release site 1R0415 

Attachments: Q final clean-up requirement Request #2.doc(27KB) 

Dear Ms. Haynes: 

Please find enclosed the work plan approval for the Lovington ABO 1G release site. Please notify the City of Lovington and the 
OCD Hobbs office before starting. 

Wayne Price-Senior Environmental Engr. 
Oil Conservation Division 
1220 S. Saint Francis 
Santa Fe, NM 87505 
E-mail wayne.price®state.nm.us 
Tele: 505-476-3487 
Fax: 505-4763462 



October 24, 2005 

NMOCD Environmental 
ATTN: Wayne Price 
P.O. Box 6429 
1220 S. Saint Francis Drive 
Santa Fe, NM 87504 

RE. Rice ABO Leak Site 
City of Lovington - Water Field 

Mr. Price: 

At the request of Mr. Wise and the City of Lovington, I am responding to the OCD concerning 
the above listed spill site. 

The City of Lovington is very concerned that some time in the future this spill site may cause 
elevated chloride in the groundwater, above drinking water standards. The City of Lovington can 
not risk or compromise its water. Other companies in the field such as Pure, Duke and Saga have 
had no problem excavating and hauling its contamination, from the field and we feel Rice should 
do the same. 

We would like removal of 5 to 10 ft. of the contaminated soil, install a clay barrier then replace 
with clean soil. We would also like a down gradient monitor well installed to monitor the 
groundwater. 

It has been two years since this leak occurred and nothing but testing and paper work has been 
done. Its time Rice get stated before groundwater is contaminated. 

If you have any question, please call. 

Sincerely, 

Eddie W. Seay, Agent 
Eddie Seay Consulting 
601 W. Illinois 
Hobbs, NM 88242 
(505)392-2236 
seay04@leaco.net 

'ri ' 

cc: Pat Wise, City of Lovington 
Patrick McMahon 



# Y o u forwarded this message on 8/17/2005^:11 AM. 
Pr icB^Waryne^EMNRD^ 

From: Price, Wayne, EMNRD Sent: Tue 8/16/2005 4:09 PM 
To: cdhriceswd@valornet.com 

Cc: Sheeley, Paul, EMNRD; Johnson, Larry, EMNRD; hsncpbm@leaco.net 

Subject: ABO IG site 1R0415 
Attachments: 

Dear Ms. Haynes. 

OCD records indicate Rice Operating Co. was suppose to submitt a remediation plan by August 12, 2005. As of this date OCD 
has not received the plan. 

Please advise ASAP. 

Wayne Price-Senior Environmental Engr. 
Oil Conservation Division 
1220 S. Saint Francis 
Santa Fe, NM 87505 
E-mail wayne.price@state.nm.us 
Tele: 505-476-3487 
Fax: 505-4763462 

ft 
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R.T. HICKS CONSULTANTS, LTD. 
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FAX 
To: Wayne Price 
Fax: 505-7463471 

Phone: Date: 8/18/05 3:30 PM 

Re: Lovington Abo IG 

From: Randall T Hicks 
e-mail R@rthicksconsuIt.com 

Wayne 

CG Kristin Pope 

home page wvw.rthicksconsult.com 

As suggested in this letter, which was emailed to you on August 12, we were simply unable to 
synthesize the large number of samples obtained by ROC, place the data into HYDRUS, and develop a 
rnearungful remedy in one week. « C v«u K « 

^ Z ^ T l I o v i d ^ ° ^ D ^ ™ -<-mplete remedy report that would not stand any meaningful 
satiny on August 12our letter requested sufficient time to dothe job correctly. The data coUectedby 
ROC allows us to consxder the additional chloride load from the earlier release. 

Thank you for your consideration. 

tio& tits fyj Automvl -ftyrgr ^ c v ^ / ^ ^ T h e L s ^ o ^ 
ly for the individual named above, and mav contain information tw <* ^*.,;i„„^ „... iWlTYfl? This comrnitaication is intended only for the individual named above, and may contain information that is privileged and 

eonfldpntal and exempt from disclosure under applicable Jaw. If the reader of this communication "not i t o f a S ^ b i m t 
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August 12,2005 

Roger Anderson 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Re: ABO IG Release Site OCD Case #1R0415 

Unit Letter G, Sec. 1. T17S, R36E 
Lea County, NM 

Dear Mr. Anderson: 

On Monday, August 11 RT. Hicks Consultants received the data from the extensive 
characterization conducted by Rice Operating Company for the above-referenced site. Plate 1 
shows the level of effort expended by ROC: analysis of 73 near surface soil samples and 120 
samples from 12 20-foot deep sampling trenches. The characterization program began on July 
26. 

In our July meeting, we stated that thc inclusion of this earlier release in the modeling 
experiments would likely cause the model ground water to exceed the WQCC standards. 
Today, we completed the data preparation and input and are initiating the first of several 
simulation experiments. We will employ these new data from the upper vadose zone (0-20 feet 
below land surface) with the data from the deeper borings in new HyT>RUS-lD simulations. 
We will include che chloride load caused by what we now know is a 1992 release from the site 
and rhe chloride load from the 2003 release. We will also account for the increased chloride load 
due to man's activity in the area that raised the chloride concentration in deep soil from near 90 
ppm (pre-Columbian background) to the 100-200 ppm observed in rhe up gradient soil boring 
SB-2. 

The first simulation planned assumes removal of chloride from the thin soil horizon overlying 
the caliche and the installation of a synthetic liner on the caliche layer to prevent infiltration of 
precipitation. A second experiment will assume that we excavate and export the topsoii and a 
portion of the underlying caliche, install a sloped clay layer, import clean fill, and create a sloped 
vegetative cap. We plan to examine other excavation remedies in order to select the remedy 
that is based upon sound science, compliant with the regulations, and effectively protects ground 
water quality. 

By August 31, we propose to submit to NMOCD an amended Corrective Action Plan (CAP) for 
the site that will address not only the 2003 release but the effects of the 1992 release. In this 
report we will provide an explanation of our modeling protocol, a summary of the ROC 
investigation, data discs that will allow NNMOCD to verify the our predictions using 
HYDRUS-lD, and a schedule for the proposed remedy based upon the date that NMOCD 
approves the CAP. 

Please contact Kristin Pope if you have any questions regarding this progress report. 
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Sincerely, 
R.T. Hicks Consultants, Ltd. 

Randall Hicks 
Principal 

Copy: 
Kristin Pope 
William Carr 
Carolyn Haynes 
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Price, Wayne, EMNRD 

From: Price, Wayne, EMNRD Sent: Tue 8/16/2005 4:09 PM 

To: cdhriceswd@valornet.com 

Cc: Sheeley, Paul, EMNRD; Johnson, Larry, EMNRD; hsncpbm@leaco.net 

Subject: ABO IG site 1R0415 

Attachments: 

Dear Ms. Haynes. 

OCD records indicate Rice Operating Co. was suppose to submitt a remediation plan by August 12, 2005. As of this date OCD 
has not received the plan. 

Please advise ASAP. 

Wayne Price-Senior Environmental Engr. 
Oil Conservation Division 
1220 S. Saint Francis 
Santa Fe, NM 87505 
E-mail wayne.price@state.nm.us 
Tele: 505-476-3487 
Fax: 505-4763462 



1M1 NEWTMEXICO ENERGY, MINERALS and 
NATURAL RESOURCES DEPARTMENT 

BILL RICHARDSON 
Governor 

Joanna Prukop 
Cabinet Secretary 

Mark Fesmire 
Director 

Oil Conservation Division 

Memorandum of Meeting or Conversation 

Telephone 
Personal X 
E-Mail 
Location: Santa Fe,NM 

Time: 1pm 
Date: July 15, 2005 

Originating Party: Rice Operating Co. (ROC) CDHaynes, RTHicks, BCarr 

Other Parties: OCD- WPrice,GMacQuesten, DSanchez, GvonGonten,RCAnderson, EMartin 
City of Lovington-PMcMahon,ESeay 

Subject: Rice ABO I G 1R0415 

Discussion: 

ROC requested a meeting concerning OCD's letter dated July 08, 2005 requiring ROC to perform 
certain remedial clean-up actions at the Rice ABO IG site located near the Lovington, NM City fresh 
water well field. 

Mr. Carr attorney for ROC expressed a concern over the tone of the letter since he felt his client had 
been successfully working with OCD. Mr. Carr indicated ROC is willing and ready to perform certain 
actions in order to protect the Lovington City well field. Ms. Haynes, manager of ROC, presented a 
detailed chronology of the project. Mr. Hicks presented a response to OCD's letter and gave a 
reassessment of the project. 

Mr. Hicks informed OCD that ROC's initial assessment of the site using the Hydrus 1-D model 
indicated there would not be a problem and groundwater would not be contaminated. Mr. Hicks pointed 
out that OCD's letter made him rethink the actual site conditions and input parameters. He indicated 
ROC had only modeled the upper part of the vadose zone contamination, not the deeper part. He 
pointed out that if this deeper historical contamination is included then he feels very confident that 
groundwater will be impacted in the foreseeable future. 

Oil Conservation Division * 1220 South St. Francis Drive * Santa Fe, New Mexico 87505 
Phone: (505) 476-3440 * Fax (505) 476-3462 * http://www.emnrd.state.nm.us 



OCD (Price-Anderson) asked the question why the model did not reflect this discrepancy since it 
was calibrated using on-site data, which included the deeper vadose zone. Mr. Hicks indicated 
that it did not include the deeper contamination that was shown on his slide. ROC only modeled 
the reported spill (i.e. net 60 bbls). ROC presented an old spill incident report from the early 
1990's to verify there was another spill in this area. 

OCD expressed its concern that although Mr. Hick's proposals always included different clean­
up options generally the model always selected the "No Action Alternative". Mr. Hicks 
responded that he is removing that language from future proposals. 

OCD expressed another concern about the monitoring time. The model generally showed that it 
takes many years for the contamination to reach groundwater, but ROC only proposed to monitor 
for two years. Ms. Haynes answered this question by explaining their procedure in proposing 
monitoring times. Mr. Price and Anderson emphasized that all proposals should more accurately 
represent the actual conditions of the site. 

Mr. Carr made a closing statement requesting OCD allow ROC an opportunity to re-evaluate the 
site and present another clean up plan for OCD approval. 

Conclusions or Agreements: 

Mr. Anderson agreed to ROC's request with the stipulation that the plan would be submitted by 
Monday and would include a short deadline for completing the re-evaluation. 

Signed: 
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R. T. H I C K S C O N S U L T A N T S , L T D . 

901 Rio Grande Blvd NW A Suite F-142 A Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745 

July 13, 2005 

Roger Anderson 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Re: ABO IG Release Site OCD Case #1R0415 

Unit Letter G, Sec. 1, T17S, R36E 
Lea County, NM 

Dear Mr. Anderson: 

This letter responds to the technical issues brought forth in the NMOCD letter to Rice 
Operating Company (ROC) dated July 8, 2005. Hicks Consultants collaborated with ROC staff 
to develop this response. The NMOCD technical comments or requirements are shown in 
italics and our response is presented below each comment or requirement. 

1. ROC indicated this is a modeling experiment (page 3 March 2005 report). OCD does not 
feel that it is appropriate to allow "experiments " in such a sensitive area that may 
impact thousands ofpeople in the city of Lovington. 

In the report "experiment" is a term of science that means "a test made to demonstrate a known 
truth, to examine the validity of a hypothesis, or to determine the efficacy of something previously 
untried". The term refers to the simulation modeling, not the proposed remedy. We did not intend 
the word to mean anything that would suggest that ROC is not very serious regarding moving 
forward with an appropriate remedy that is fully supported by data and sound science. Nor did we 
mean to imply that the City of Lovington well field is not a "sensitive area". In our report, we refer 
to modeling, like monitoring or any scientific evaluation of a hypothesis, as an experiment. At this 
site, we used a simulation modeling experiment to test a null hypothesis: the residual chloride mass 
in the vadose zone would cause impairment of ground water quality. 

2. OCD did not have the accessibility to run the model and therefore cannot confirm the 
results. 

At a recent meeting of the New Mexico Oil and Gas Association, Mr. Daniel Sanchez stated that the 
State of New Mexico would not allow NMOCD to install the HYDRUS-ID software that ROC 
provided on June 26, 2003. Honestly, we were dumbfounded when NMOCD relayed this 
information to industry. 

On June 26, 2003, Hicks Consultants and the author of the HYDRUS code, Dr. Jirka Simunek, 
provided NMOCD with a 1-day workshop on the use of HYDRUS. This workshop was a response 
to a request from NMOCD that the regulated community provide NMOCD with a copy of the 
HYRDRUS-1D software and instructions on how to use the code. The purposes of this workshop 
were outlined in the attached April 9, 2003 memorandum to Bill Olson of NMOCD and item 3 
specifically states that the workshop would: 



July 15, 2005 
Page 2 

Provide NMOCD instruction on the use of ITYDRUS1D and the ground water mixing model. This 
will enable NMOCD to review and approve remedies that employ these tools. 

This seminar, which cost more than $10,000, was funded by Rice Operating Company, Champion 
Technologies, Marathon Oil Company, and Hicks Consultants, all of whom had employed 
HYDRUS-ID in submittals submitted to the agency in 2003. Furthermore, the participants offered 
to fund the services of Dr. Jan Hendrickx of NM Tech for hands-on assistance after NMOCD had 
become familiar with the code. 

NMOCD comment #2 and the recent statement by Mr. Sanchez was especially disturbing because 
the agency has approved several work plans that specifically stated our intention to employ 
HYDRUS-ID in our evaluation of potential remedies. Therefore, we can only respond to this 
comment by asking NMOCD to identify a means to provide independent verification of our 
modeling if your agency is unable to do so internally. 

If requested by NMOCD, ROC will provide the agency with a stand-alone modeling station for use 
on ROC or System Partner projects. This would not become property of the State of New Mexico 
and we trust that NMOCD would employ this tool for evaluation of submittals from ROC or 
specifically-identified System Partners. We would load this computer with all ofthe atmospheric 
and other data files necessary to evaluate any ROC or System Partner submittals that employ a 
particular code, such as HYDRUS-ID. The original offer of ROC to provide hands-on instruction of 
the use of the HYDRUS-ID code by Dr. Hendrickx remains on the table as well. 

3. The spill report showed a net release of 60 barrels. The actual investigation revealed 
this release amount actually caused the vadose zone to be contaminated down to a depth 
of approximately 46 feet in approximately one year. 

Our report is obviously not clear on the depth of penetration into the vadose zone from the October 
2003 release. Chloride from the October 2003 release has not penetrated the upper vadose zone to a 
depth of 46 feet. As discussed below and in the various submittals, produced water released in 
October 2003 penetrated the upper vadose zone to a depth of about 4 feet by November 2003 at the 
site of SB-1. By November of 2004, chloride from the October 2003 release migrated to a depth of 
about 6 feet below land surface, as the data from MW-1 show. 

The lithology of the site, the sudden and instantaneous nature of the spill, and the excellent soil 
chemistry data allow a solid understanding of the mechanics of fluid flow at this site. We believe 
the data demonstrate that chloride from the October 2003 spill immediately drained through the 
fractures in the surface caliche to a depth of about 3 feet, where the base ofthe fractured caliche 
horizon is in contact with underlying "sand and caliche" (see the attached MW-1 well log, which 
was previously submitted to NMOCD). The release created temporary saturated conditions in this 
underlying unit that caused relatively rapid migration of chloride into the sand plus caliche unit 
identified from 3 to 5 feet below ground surface. The center of chloride mass from the October 2003 
release is shown in the report but is more clearly presented below. The sampling experiments show 
the center of mass of chloride at a depth of about 4 feet for both SB-1 and SB-3, about one month 
after the documented release. These data also demonstrate a second chloride mass 15 feet below 
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ground surface at SB-1 and MW-1. This lower chloride mass is not present at SB-3 indicating that 
this mass is not part of the October 2003 release and dates from an earlier time. 

200 

Chloride Concentrations at Lovington Abo 1G Spill Site 

Chloride Concentration in mg(CI)/kg(soil) 
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The data simply do not support a hypothesis that chloride migrated to a depth 46 feet in one year. 
The chloride concentrations observed in SB-1 and MW-1, temporally separated by one year, could 
not agree in form if this were true. Rather, the data suggest that oil field activity over the past 50 
years has caused an increase in chloride content in the upper vadose zone in this area, probably to a 
depth of about 46 feet. Perhaps produced water spills that occurred in this area decades earlier are 
the cause of this elevated chloride concentration. Perhaps the nature of the caliche itself contributes 
to the elevated chloride concentration in the uppermost vadose zone, as suggested in the report. 

Our reports identified a June 2003 release of 10 barrels of produced water at this site, which may 
have impacted the area of SB-1 but did not impact the area characterized by SB-3. We hypothesize 
that the chloride released to the vadose zone in June 2003 may be the cause ofthe slightly higher 
chloride concentrations observed at the 4-foot depth at MW-1 and SB-1 relative to the 
concentrations observed at the same depth at SB-3. 

If the area had not experienced oil field activity prior to the October 2003 release, then we would 
agree with NMOCD that the release caused an impact to a depth of 46 feet. 

NMOCD's observation regarding the difference in chloride concentrations above 36 feet from the 
materially lower chloride concentrations below 46 feet is very interesting. Because the sampling 
data from SB-1 and MW-1 shows that chloride migration in this area is about 1-2 feet per year, one 
can use the depth of elevated chloride as a crude measure of when man's activities first affected the 
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area. This observation allows us to conclude that oil field activity in the area began 23-46 years ago. 
NMOCD data show that wells within Section 1 (unit letters F, G, and H) were originally drilled in 
the early 1950s. Because oil production, and the impact of accidental produced water releases, 
would have started about 47 years prior to the 2003 release, we believe NMOCD's observation 
supports a long-term chloride vertical migration rate of about 1 -foot per year. 

Using this information concerning migration rates and the data collected from SB-1 and MW-1 
demonstrating initial infiltration rates, we suggest that the chloride mass at 15 feet bgs dates from 10 
to 15 years ago. 

ROC's model uses a spill input parameter of500 barrels- almost ten times the amount of 
the actual spill. In other words, the model assumes that it would take a much larger 
release to cause contamination to a depth of 46 feet in one year. 

It is apparent that in this particular case the model results do not accurately reflect the 
actual field conditions. OCD does not feel comfortable in accepting the results of the 
model when input parameters differ so greatly from the actual conditions. 

The model's use of a 500 barrel release is consistent with the mass of chloride observed in the soil 
profile (between ground surface and the 4- to 6-foot depth of penetration) rather than the visual 
observations of field personnel. However, the sampling points of ROC were considered "worst 
case" samples because field personnel observed pooled produced water at these locations. We 
believe the use of this value, which may actually over predict the impact to ground water, is fully 
appropriate. As pointed out in Hendrickx and others (2005), the HYDRUS-ID model does not rely 
upon chloride concentrations or chloride mass as input parameters. Chloride mass is used in the 
simple ground water mixing model and we can employ whatever mass of chloride NMOCD wishes 
to use without the need to recalibrate or re-run the HYDRUS-ID portion ofthe simulation 
experiment. We look forward to your input on this mater and are pleased to re-run the mixing model 
and present the result. 

4. ROC's June 07, 2004 report indicated that the background concentration in the 
caliche/upper vadose zone was 300-ppm chlorides.. OCD received a complaint from the 
City of Lovington concerning where the background sample was taken. OCD does not 
believe that naturally occurring background levels would be this high. 

We agree that naturally occurring background concentrations are not 300 ppm in sand. We believe 
the data from below 50 feet shown on the well log included in the report define the natural 
background (i.e. pre-Columbian conditions) as less than 100 ppm in sandy horizons. However, in 
order to differentiate between the impact of the October 2003 spill from previous releases or other 
anthropomorphic influences, we needed to establish a local background concentration (i.e. ambient 
concentration) in the same lithology as the spill itself. Therefore, ROC obtained samples from an 
area not effected by the recent release and the result was a finding that ambient chloride 
concentrations in the upper vadose zone were 300 ppm. Please remember, the purpose of the report 
was to examine the effect of the October 2003 spill on the environment. The purpose ofthe report 
was neither the evaluation of 50 years of man's activity in the area nor the natural variation between 
chloride in sandy horizons and chloride in caliche zones. We employed the ambient chloride 
concentration of 300 ppm only to assist us in the characterization of the release in the upper vadose 
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zone. 

5. The chlorides contamination migrated down to a depth of 46 feet from October 2003 to 
November 2004. The groundwater depth was reported at approximately 77 feet. The 
March 2005 report indicated that chlorides contamination had moved an additional 30-
60 cm. The June 07, 2004 report (see page 6) states that "Deeper in the Vadose zone, 
fractures become barriers to flow and deeply buried caliche behaves more like clay ". 
The March 2005 report (see page 5) reiterates that the chloride migration is impeded at 
the depth of 35 to 36 feet by the one foot thick caliche layer. The report estimates that the 
migration is about 2 feet per year and the chloride peak would reach the groundwater in 
35 to 42 years. 

NMOCD's experience in shallow vadose zone excavations (down to 50 feet) does not 
support the theory that fractured caliche acts as a clay barrier. ROC's plan did not 
support this theory with any field data. In fact, OCD notes that the chlorides 
contamination has migrated 46 feet in just one year. This is 10 feet deeper than the 
caliche zone that is purported to act as a barrier. Based on the limited information 
provided, OCD must reject the prediction that it will take another 30-40 years to reach 
groundwater. 

In vadose zone profiles with low water content, many scientists contend that fractures are barriers to 
unsaturated flow and the ability of a hydrostratigraphic unit to transmit water is depended upon the 
properties of the porous matrix. However, a growing body of knowledge from simulation, 
laboratory and field experiments suggests that the role of fractures is far more complex. At this site, 
our modeling experiment did not rely upon an assumption that fractures were or were not a barrier to 
flow. Instead, we relied upon actual field data to calibrate the HYDRUS-1D simulations. We used 
the field data to adjust the hydraulic input parameters of the model to permit more accurate 
predictions. At this site, the field data demanded that we employ hydraulic input parameters for the 
deep caliche horizons that were similar to clay. Conversely, we used hydraulic properties more 
similar to gravel to simulate movement through the highly fractured surface caliche. 

We cannot comment on NMOCD's experience at other sites that may or may not have any similarity 
to this sudden and accidental surface release. We hope the discussion above adequately addresses 
the misunderstanding of the chloride migration rate at this site. We can state with a reasonable 
degree of scientific certainty that we have a solid understanding of the hydrogeology of this 
particular location. 

6. ROC's plan is to monitor groundwater for only two years and then request closure. This 
process does not correlate to the time that the model predicts salt will enter the 
groundwater, i.e., 30-40 years. OCD feels there will be no way to know if the model 
experiment is valid. 

If NMOCD does not have access to the HYDRUS-ID model, we are certain that NMOCD cannot 
validate the findings presented in the report using internal resources. We urge NMOCD to consider 
requesting assistance from other State of New Mexico employees, such as those employed at NM 
Tech, UNM, or NMED to evaluate the validity of our findings. To reiterate, i f NMOCD requests a 
stand-alone modeling station and expert, independent assistance to further test the simulation 
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experiments that are the basis of our submissions, ROC is willing to fund this endeavor. 

We would like to remind NMOCD that very early in this matter, ROC offered to install vadose zone 
monitoring devices that would be capable of measuring the migration (and sequestration) of chloride 
in the vadose zone. This type of monitoring is exactly what is currently approved by NMOCD, 
NMED and EPA within the saturated zone: Monitored Natural Attenuation. However, NMOCD 
stated categorically that such monitoring would be unacceptable and required the installation of a 
monitoring well. I f requested by NMOCD, ROC is willing to provide the agency with a program to 
monitor the migration of chloride in the vadose zone as originally proposed. 

7. OCD and the City of Lovington recently collected soil samples and discovered that high 
salt levels (i.e. chlorides up to 20,000ppm) still remain in the spill area. These results 
were approximately 4-5 times higher than ROC's results submitted via E-mail on 
October 01, 2004. 

OCD understands that chloride mass is a very important input parameter to the model. 
The March 2005 submittal included a plate 3 "Calculation of Chloride Load" which 
showed the highest soil concentration to be 1161-ppm chlorides. As pointed out above, 
surface soils had concentrations 10 times the value shown on Plate 3. ROC did not 
justify why these values should not have been included in the calculations. 

The thin surface soil layer of high chloride concentration was not considered in our calculation of 
chloride load because this mass of chloride is inconsequential when compared to the overall chloride 
mass. Also, this thin zone of high chloride soil was not considered because ROC repeatedly offered 
to remove this soil layer (see August 31,2004 work plan, for example). Although NMOCD initially 
approved the removal of the thin high chloride layer, this approval was then retracted (see November 
4, 2004 email from NMOCD). 

While selective sampling of the surface soil could demonstrate high or low chloride concentrations, 
we observed invasion of plants in 2004 and recent photographs show that the majority of the surface 
soil does not exhibit sufficient chloride concentration to inhibit growth. The invasion of vegetation 
in 2004, which is not well described in any submittals, provides evidence that the chloride mass in 
the thin soil horizon does not pose a material threat. Nevertheless, i f requested by NMOCD, ROC 
will determine the mass of residual chloride in the thin soil horizon and we will re-run the model to 
account for increased chloride load. 

8. The site has not been adequately delineated. 

We maintain the characterization presented in the reports adequately defines site conditions, and 
provides the data necessary to select and design an effective remedy. The lateral extent of the 
surface impact can be measured to the inch. The vertical extent of impact is also defined to the 
inch in two areas of the spill, SB-1 and SB-3, where ROC observed pooled produced water. 
Sampling at locations such as SB-1 and SB-3 provide worst case conditions — maximum chloride 
penetration and the highest chloride concentrations (e.g. largest mass). Designing a remedy 
based upon these worst case conditions provides the maximum protection. 



July 15, 2005 
Page 7 

If requested by NMOCD, ROC is willing to expand temporal sampling to create a monitoring 
and reporting program that conforms to the criteria of Monitored Natural Attenuation. ROC 
discussed this strategy with NMOCD very early in the investigative process and our installation 
of permanent vadose zone monitoring at the site to more accurately measure the migration of 
chloride in the upper vadose zone remains on the table. 

Below, we present our response to the corrective actions proposed by NMOCD. 

1. ROC shall remove a minimum of 10 feet of contaminated soil in the impacted areas. This 
project shall start no later than July 22, 2005. All contaminated soils removed from the 
site shall be disposed of at an OCD approved site. 

ROC and Hicks Consultants requests an opportunity to review the technical and regulatory 
justification for NMOCD's selection of the 10-foot minimum excavation. 

2. The site shall be delineated both horizontally and vertically. The delineation parameters 
will be as follows: TPH -100 ppm; chlorides - 250ppm; and, total BTEX-100 ppm. 

As stated above, we believe the effect of the October 2003 release is characterized sufficiently to 
develop an appropriate remedy. Nevertheless, ROC will conduct any additional field testing 
requested by NMOCD. 

3. Samples for laboratory confirmation shall be collected from the bottom and side walls of 
the final excavated area. The samples shall be analyzed for BTEX (8021), TPH (418.1 or 
8015 GRO & DRO) and chlorides all using EPA approved methods. 

Any NMOCD-directed investigation by ROC will follow appropriate scientific methods. 

4. ROC shall install a barrier over the site to impede infiltration and prevent any further 
migration of chlorides contamination. The barrier installation shall extend at least 10 
feet horizontally past any remaining contamination. A suitable amount of clean top soil 
similar to the pre-existing spill conditions shall be placed over the compacted clean 
backfill material. 

ROC has not and will not advocate a "no action" strategy. ROC had always intended to install a 
vegetative cap over the site that would also direct runoff away from the underlying chloride mass. 
This type of barrier will materially reduce the infiltration of precipitation. Because the HYDRUS-
1D experiments in the reports do not consider evapotranspiration, the predictions are very 
conservative as a result. As stated above, we will willing to conduct a simulation experiment 
showing the effect of this proposed barrier as compared to excavation. 

5. An interim report shall be submitted to the OCD within 10 days of the final excavation or 
no later than August 15, 2005. This report shall contain the results of the analysis 
requested in items 2 and 3 above. The report shall contain a log of events, waste 
disposal manifest, photos, barrier design and conclusions. The excavated area shall not 
be backfilled until ROC has requested OCD's approval. 
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We would be pleased to keep NMOCD apprised of all ROC actions on a regular basis. 

6. ROC will notify the OCD Santa Fe office and the OCD District office at least 72 hours in 
advance of all scheduled activities so that the OCD has the opportunity to witness the 
events and/or split samples during OCD's normal business hours. 

We will inform NMOCD of any and all field activities. 

We look forward to our meeting with you on Friday, July 15, 2005. 

Sincerely, 

R.T. Hicks Consultants, Ltd. 

Randall Hicks 
Principal 

Copy: 

William Can-
Carolyn Haynes 
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July 08, 2005 

Carolyn Doran Haynes 
Rice Operating Company 
122 West Taylor 
Hobbs, New Mexico 88240 

Re: ABO IG Release Site OCD Case #1R0415 
Unit Letter G, Sec. 1, T17S, R36E 
Lea County, NM 

Dear Ms. Haynes: 

The New Mexico Oil Conservation Division (NMOCD) is in receipt of Rice Operating Company's (ROC) 
Amended Corrective Action Plan dated March 2005 submitted by R.T. Hicks Consultants, Ltd. The plan 
concluded that the produced water released represented no threat to ground water quality. These assumptions 
were predicted by the utilization of the HYDRUS-ID model. The following three recommendations were 
presented. 

A. Not remove the thin layer of chloride-impacted soil from the site as was committed to in the 
August 31, 2004 letter to NMOCD. 

B. Import clean soil to accelerate re-vegetation of the site. 

C. Monitor ground water on a quarterly basis for two years as outlined in the October 28, 2004 
letter to the NMOCD in order to further verify the veracity of out predictions presented herein. 

Site Historv: 

The site is located within the City of Lovington's municipal well field area located approximately 6 
miles south of Lovington, NM in Lea County. The well field pumps fresh water from several wells 
completed in the Ogallala aquifer. In October 2003 ROC reported a major release of 190 barrels of 
produced water due to a pipeline failure. The report indicated that ROC recovered 130 barrels. 

Oil Conservation Division * 1220 South St. Francis Drive * Santa Fe, New Mexico 87505 
Phone: (505) 476-3440 * Fax (505) 476-3462 * http://www.emnrd.state.nm.us 
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August 06, 2004, OCD sent ROC the following E-mail message: 

OCD is in receipt of the corrective action plan dated June 07, 2004 submitted by RT Hicks. 
Please note due to the close proximity to the City of Lovington's fresh water well field OCD feels 
compelled to deny the plan as submitted. Please re-submit with a plan to remove the salt 
contaminated soil within some practical limit. Please submit by August 13, 2004. The longer "no 
action" is performed the deeper the salt will migrate into the vadose zone and a higher potential 
of groundwater contamination exists. We will not accept a model that allows groundwater 
contamination and dilution in this area. The model may be used after excavation to demonstrate 
no further threat exist. 

As of this date ROC has not complied with OCD's request. 

OCD has the following comments concerning the work plans: 

1. ROC indicated this is a modeling experiment (page 3 March 2005 report). 
OCD does not feel that it is appropriate to allow "experiments" in such a 
sensitive area that may impact thousands of people in the city of Lovington. 

2. OCD did not have the accessibility to run the model and therefore cannot 
confirm the results. 

3. The spill report showed a net release of 60 barrels. The actual investigation 
revealed this release amount actually caused the vadose zone to be 
contaminated down to a depth of approximately 46 feet in approximately one 
year. 

ROC's model uses a spill input parameter of 500 barrels- almost ten times the 
amount of the actual spill. In other words, the model assumes that it would 
take a much larger release to cause contamination to a depth of 46 feet in one 
year. 

It is apparent that in this particular case the model results do not accurately 
reflect the actual field conditions. OCD does not feel comfortable in accepting 
the results of the model when input parameters differ so greatly from the 
actual conditions. 

4. ROC's June 07, 2004 report indicated that the background concentration in 
the caliche/upper vados zone was 300-ppm chlorides. . OCD received a 
complaint from the City of Lovington concerning where the background 
sample was taken. OCD does not believe that naturally occurring 
background levels would be this high. 

5. The chlorides contamination migrated down to a depth of 46 feet from 
October 2003 to November 2004. The groundwater depth was reported at 
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approximately 77 feet. The March 2005 report indicated that chlorides 
contamination had moved an additional 30-60 cm. The June 07, 2004 report 
(see page 6) states that "Deeper in the Vadose zone, fractures become barriers 
to flow and deeply buried caliche behaves more like clay". The March 2005 
report (see page 5) reiterates that the chloride migration is impeded at the 
depth of 35 to 36 feet by the one foot thick caliche layer. The report estimates 
that the migration is about 2 feet per year and the chloride peak would reach 
the groundwater in 35 to 42 years. 

OCD's experience in shallow vadose zone excavations (down to 50 feet) does 
not support the theory that fractured caliche acts as a clay barrier. ROC's plan 
did not support this theory with any field data. In fact, OCD notes that the 
chlorides contamination has migrated 46 feet in just one year. This is 10 feet 
deeper than the caliche zone that is purported to act as a barrier. Based on the 
limited information provided, OCD must reject the prediction that it will take 
another 30-40 years to reach groundwater . 

6. ROC's plan is to monitor groundwater for only two years and then request 
closure. This process does not correlate to the time that the model predicts 
salt will enter the groundwater, i.e., 30-40 years. OCD feels there will be no 
way to know if the model experiment is valid. 

7. OCD and the City of Lovington recently collected soil samples and 
discovered that high salt levels (i.e. chlorides up to 20,000 ppm) still remain in 
the spill area. These results were approximately 4-5 times higher than ROC's 
results submitted via E-mail on October 01, 2004. 

OCD understands that chloride mass is a very important input parameter to the 
model. The March 2005 submittal included a plate 3 "Calculation of Chloride 
Load" which showed the highest soil concentration to be 1161-ppm chlorides. 
As pointed out above, surface soils had concentrations 10 times the value 
shown on Plate 3. ROC did not justify why these values should not have been 
included in the calculations. 

8. The site has not been adequately delineated. 

As a result of the above issues and the fact that ROC has failed to take any corrective actions 
as of to date, the OCD hereby denies the plan as submitted and requires ROC to take the 
following corrective actions immediately: 

1. ROC shall remove a minimum of 10 feet of contaminated soil in the impacted 
areas. This project shall start no later than July 22, 2005. All contaminated 
soils removed from the site shall be disposed of at an OCD approved site. 
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2. The site shall be delineated both horizontally and vertically. The delineation 
parameters will be as follows: TPH - 100 ppm; chlorides - 250 ppm; and, 
total BTEX - lOOppm. 

3. Samples for laboratory confirmation shall be collected from the bottom and 
side walls of the final excavated area. The samples shall be analyzed for 
BTEX (8021), TPH (418.1 or 8015 GRO & DRO) and chlorides all using 
EPA approved methods. 

4. ROC shall install a barrier over the site to impede infiltration and prevent any 
further migration of chlorides contamination. The barrier installation shall 
extend at least 10 feet horizontally past any remaining contamination. A 
suitable amount of clean top soil similar to the pre-existing spill conditions 
shall be placed over the compacted clean backfill material. 

5. An interim report shall be submitted to the OCD within 10 days of the final 
excavation or no later than August 15, 2005. This report shall contain the 
results of the analysis requested in items 2 and 3 above. The report shall 
contain a log of events, waste disposal manifest, photos, barrier design and 
conclusions. The excavated area shall not be backfilled until ROC has 
requested OCD's approval. 

6. ROC will notify the OCD Santa Fe office and the OCD District office at least 
72 hours in advance of all scheduled activities so that the OCD has the 
opportunity to witness the events and/or split samples during OCD's normal 
business hours. 

Failure to perform the above requested actions will result in OCD setting this case for 
a compliance hearing in front of an OCD hearing examiner. The OCD will ask for 
corrective actions and civil penalties. 

Roger Anderson-Environmental Bureau Chief 

cc: OCD Hobbs Office 
City of Lovington, NM 
Daniel Sanchez- Compliance and Enforcement Manager 



Price, Wayne ^ 

From: Sheeley, Paul 

Sent: Monday, May 09, 2005 10:44 AM 

To: 'Randall Hicks' 

Cc: Price, Wayne; Johnson, Larry; Williams, Chris 

Subject: FW: Lovington Abo 

?andy, 
will be collecting samples at the Lovington ABO tomorrow Tuesday, May 10, 2005 at 09:00. Eddy Seay was contacted and will 
ittend. 
"hanks, 
>aul S 
—Original Message 
: rom: Price, Wayne 
ient: Friday, May 06, 2005 2:42 PM 
To: 'Randall Hicks'; Price, Wayne; Martin, Ed 
:c: 'Kristin Farris Pope'; Sheeley, Paul; Patrick B. McMahon (E-mail); Martin, Ed; Mike Griffin (E-mail) 
Subject: RE: Lovington Abo 

•li Randy, the city of Lovington has supplied OCD with soil surface samples that show high chlorides (11,000-22,000 mg/kg). 
Jnless I missed something we did not see levels listed that high in your reports. So, I have requested the District office to go out and 
:ollect samples early next week. If you want to split call Paul Sheeley (OCD). Once I get our sample results then our technical staff 
vill determine a path forward hopefully that be satisfactory to all parties and will protect the environment. OCD considers this a high 
irofile case since it is located in close proximity to the Lovington City fresh water well field. OCD is concerned about the amount of 
ime that has passed with no remedial action. OCD will make a decision very soon. 

starting Last week OCD Envirommetnittal Bureau was instructed by our Bureau Chief that no files may leave the office but 
:an be copied in our office for $.25 per copy. 

I quickly reviewed the data base and did not find any Devon Projects near Buckeye. I do have two Devon projects 
1R0432 and 1R0433 which included some analysis using the Hydrus ID. These projects were both amended by the 
contractor and basically turned out to be very large excavation projects which are still in progress. Both may have 
groundwater contamination and reports are due in July 05. If they do have groundwater contamination then most 
likely they will be subject to Rule 19. 

—Original Message— 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Friday, May 06, 2005 1:23 PM 
To: 'Price, Wayne'; emartin@state.nm.us 
Cc: 'Kristin Farris Pope' 
Subject: Lovington Abo 

Wayne 

Here is what I understand you need for your evaluation of the Lovington Abo IG spill site: 

1. An photo or digital image of the original spill 
2. Results of any surface soil analyses 
3. A spill report - which I believe Kristin faxed to you. 

If there is anything else we can do, let us know. 

As discussed earlier today, I would like a copy of the NMOCD file for the site that Jan Hendrickx 
told me that he performed some modeling. Jan suggested that it was a Devon site near Buckeye -

5/10/2005 



a CD Dickerson site or something like that? ^ 

By this email I am alerting Kinkoof Santa Fe to call Wayne Price at 476-3487 to schedule a time 
for the file pick-up. In your absence, I am asking KINKOs to call Ed Martin at NMOCD to retrieve 
the file. 

Thanks 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to the 
sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information is 
intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by telephone and 
return the original message to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://wvvw.messagelabs.com/email 

5/10/2005 



Price, Wayne 

From: Randall Hicks [R@rthicksconsult.com] 

Sent: Monday, May 09, 2005 11:53 AM 

To: 'Price, Wayne' 

Cc: 'Sheeley, Paul'; 'Kristin Farris Pope' 

Subject: FW: Lovington Abo 

Wayne 

Thanks for the information. I hope to meet with Paul Sheeley in Lovington on another matter and perhaps we 
can simply combine the trips. I am on the phone to Paul after I finish this. 

With respect to surface soil samples, I understand that ROC did not collect surface sampies for two reasons: 

1. Soon after the release, one could easily see that the surface soil was coated with salt. Therefore, 
surface samples would not provide more information than the photograph on the cover of the June 
2004 report - the chloride concentration on the surface would be very high. The samples from 
NMOCD confirm what the photograph shows. 

2. More importantly from my perspective is the fact that the surface soils in the area range in 
thickness from zero to, perhaps, six inches. You can see the rocks of caliche in the photograph and 
when I walked the site much of the ground surface was predominantly fractured caliche. I think 
that we all felt that the main mass of chloride would be below the fractured caliche, not in the thin 
layer of overlying soil. 

Therefore, we had no surface samples to report to NMOCD. We did have an analysis of the produced water, 
the area of the spill and a relatively good guess as to the volume released. This data regarding the nature of 
the spill also gave us sufficient confidence to proceed without detailed characterization ofthe thin surface soil. 
We thought that even with high concentrations of chloride in the surface soil, the thin layer of soil would not 
hold a large mass. We concentrated our efforts at characterization of the material beneath the fractured 
caliche. ROC did take some surface soil samples, but these were taken after several rainfall events. 

I fear that after the precipitation of 2004-05 that surface soil samples will provide little additional benefit over 
the deep soil samples obtained from the monitoring well boring. 

ROC and Hicks Consultants fully understand the importance of protecting the ground water resources of New 
Mexico and we understand that the proximity of the water supply wells makes this situation worthy of careful 
consideration by all parties. We are applying the best science to the problem to develop the best solution. 
We appreciate your help and counsel. 

Randy 

—Original Message— 
From: Price, Wayne [mailto:WPrice@state.nm.us] 
Sent: Friday, May 06, 2005 2:42 PM 
To: 'Randall Hicks'; Price, Wayne; Martin, Ed 
Cc: 'Kristin Farris Pope'; Sheeley, Paul; Patrick B. McMahon (E-mail); Martin, Ed; Mike Griffin (E-mail) 
Subject: RE: Lovington Abo 

Hi Randy, the city of Lovington has supplied OCD with soil surface samples that show high chlorides (11,000-22,000 mg/kg). 
Unless I missed something we did not see levels listed that high in your reports. So, I have requested the District office to go 
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out and collect samples early next week. If you want to split call Paul Sheeley (OCD). Once I get our sample results then 
our technical staff will determine^kth forward hopefully that be satisfactory tcyall parties and will protect the environment, 
OCD considers this a high profile^pse since it is located in close proximity to ̂ ^Lovington City fresh water well field. OCD 
is concerned about the amount of time that has passed with no remedial actionrOCD will make a decision very soon. 

Starting Last week OCD Environmental Bureau was instructed by our Bureau Chief that no files may leave the office 
but can be copied in our office for $.25 per copy. 

I quickly reviewed the data base and did not find any Devon Projects near Buckeye. I do have two Devon 
projects 1R0432 and 1R0433 which included some analysis using the Hydrus ID. These projects were both 
amended by the contractor and basically turned out to be very large excavation projects which are still in 
progress. Both may have groundwater contamination and reports are due in July 05. If they do have 
groundwater contamination then most likely they will be subject to Rule 19. 

—Original Message— 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Friday, May 06, 2005 1:23 PM 
To: 'Price, Wayne'; emartin@state.nm.us 
Cc: 'Kristin Farris Pope' 
Subject: Lovington Abo 

Wayne 

Here is what I understand you need for your evaluation of the Lovington Abo IG spill site: 

1. An photo or digital image of the original spill 
2. Results of any surface soil analyses 
3. A spill report - which I believe Kristin faxed to you. 

If there is anything else we can do, let us know. 

As discussed earlier today, I would like a copy of the NMOCD file for the site that Jan 
Hendrickx told me that he performed some modeling. Jan suggested that it was a Devon 
site near Buckeye - a CD Dickerson site or something like that? 

By this email I am alerting Kinko of Santa Fe to call Wayne Price at 476-3487 to schedule a 
time for the file pick-up. In your absence, I am asking KINKOs to call Ed Martin at NMOCD 
to retrieve the file. 

Thanks 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging 
to the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The 
information is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are 
not the intended recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in 
this electronic communication is strictly prohibited. I f you have received this transmission in error, please notify us 
immediately by telephone and return the original message to us at the address listed above. Thank you. 

5/10/2005 



This email has been sca^Jd by the MessageLabs Email SecurityABtem. 
For more information please visit http://vvWW.messagelabs.coin/eMRl 

Confidentiality Notice: This e-mail,including all attachments is for the sole use ofthe intended recipient(s) and 
may contain confidential and privileged information. Any unauthorized review,use,disclosure or distribution is 
prohibited unless specifically provided under the New Mexico Inspection of Public Records Act. I f you are not the 
intended recipient, please contact the sender and destroy all copies of this message. — This email has been scanned 
by the MessageLabs Email Security System. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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ayne 

From: Price, Wayne 

Sent: Friday, May 06, 2005 2:42 PM 

To: 'Randall Hicks'; Price, Wayne; Martin, Ed 

Cc: 'Kristin Farris Pope'; Sheeley, Paul; Patrick B. McMahon (E-mail); Martin, Ed; Mike Griffin (E-mail) 

Subject: RE: Lovington Abo 

Hi Randy, the city of Lovington has supplied OCD with soil surface samples that show high chlorides (11,000-22,000 mg/kg). 
Unless I missed something we did not see levels listed that high in your reports. So, I have requested the District office to go out and 
collect samples early next week. If you want to split call Paul Sheeley (OCD). Once I get our sample results then our technical staff 
will determine a path forward hopefully that be satisfactory to all parties and will protect the environment. OCD considers this a high 
profile case since it is located in close proximity to the Lovington City fresh water well field. OCD is concerned about the amount of 
time that has passed with no remedial action. OCD will make a decision very soon. 

Starting Last week OCD Environmental Bureau was instructed by our Bureau Chief that no files may leave the office but 
can be copied in our office for $.25 per copy. 

I quickly reviewed the data base and did not find any Devon Projects near Buckeye. I do have two Devon projects 
1R0432 and 1R0433 which included some analysis using the Hydrus ID. These projects were both amended by the 
contractor and basically turned out to be very large excavation projects which are still in progress. Both may have 
groundwater contamination and reports are due in July 05. If they do have groundwater contamination then most 
likely they will be subject to Rule 19. 

Original Message 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Friday, May 06, 2005 1:23 PM 
To: 'Price, Wayne'; emartin@state.nm.us 
Cc: 'Kristin Farris Pope' 
Subject: Lovington Abo 

Here is what I understand you need for your evaluation ofthe Lovington Abo IG spill site: 

1. An photo or digital image of the original spill 
2. Results of any surface soil analyses 
3. A spill report - which I believe Kristin faxed to you. 

If there is anything else we can do, let us know. 

As discussed earlier today, I would like a copy of the NMOCD file for the site that Jan Hendrickx 
told me that he performed some modeling. Jan suggested that it was a Devon site near Buckeye -
a CD Dickerson site or something like that? 

By this email I am alerting Kinko of Santa Fe to call Wayne Price at 476-3487 to schedule a time 
for the file pick-up. In your absence, I am asking KINKOs to call Ed Martin at NMOCD to retrieve 
the file. 

Thanks 

Randy Hicks 
505-266-5004 - office 

Wayne 

5/6/2005 



T 50^-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to the 
sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information is 
intended only for the use of the individual or entity to which it is addressed, as indicated above. I f you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. I f you have received this transmission in error, please notify us immediately by telephone and 
return the original message to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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ARDINAL I A D A D A T A D I T C PHONE Q29) B73.7QQ1 . 2111 BEECHWOQD • ABILENE, TX78908 

L A B U K A l U R I E S PHONE (KM) 395-2326 • 101 6, MARLAND . HOBBS, NM «9240 

Receiving Data: OS/04/09 
Reporting Date: 05/05/05 
Project Owner CITY OF LOVINGTON 
Project Name: RICE ABO SPILL SITE 
Project Location: S. OF LOVINGTON. NM 

ANALYTICAL RESULTS FOR 
EDDIE SEAY CONSULTING 
ATTN: EDDIE SEAY 
601 W. ILLINOIS 
HOBBS, NM 88242 
FAX TO: (505)392-6949 

Analysis Date: 06705/05 
Sampling Date: 05/04/05 
SampleType: SOIL 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 
Cl 

(mg/Kg) 

H9776-1 ABO#1 11037 
H9776-2 ABO #2 22793 
H9776-3 ABO #3 12796 

Quality Control 970 
True Value QC 1000 
% Recovery 97.0 
Relative Percent Difference 3.5 

METHOD: Standard Methods 4500-CrB 
Note: Analyses performed on 1:4 wy aqueous extracts. 

PLEASE NOTE: LMMfy and Pamagn. Cardkwra liability and client's oxctuaiva n n M y lor any claim arialng, whether bafttt) In contract or ion, shall ba Hmmfl to ina amount paid by Wiwil lot artuiyaoti. 
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»wvic» NOM »V*W shaU Cardinal ba Sabla for Indrinrtul ot coruHmuotttial damagss, retuang, witnoulMilailofl, businaat Wamiptions. knaofuxa, or loaa of profits Incurred by client, M fwMldJarieil, 
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Price, Wayne 

From: Price, Wayne 
Sent: Thursday, May 05, 2005 9:10 AM 
To: Price, Wayne; Sheeley, Paul 
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1 -Ts17s-R36e 

Paul, please disregard the last sentence. It is important for OCD to determine the facts so we can make a sound decision. 

—Original Message— 
From: Price, Wayne 
Sent: Thursday, May 05, 2005 8:52 AM 
To: Sheeley, Paul 
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Good Ideal, Wait even longer if you wish. I think maybe even a week, that will give time for the salt residue to collect 
at the surface. It is important for us to show that the salt is still there. 

—Original Message— 
From: Sheeley, Paul 
Sent: Thursday, May 05, 2005 8:49 AM 
To: Price, Wayne 
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Wayne-The site is wet with rain. I will wait until it dry's out. Monday. Thanks-PS 

—Original Message— 
From: Price, Wayne 
Sent: Wednesday, May 04, 2005 3:39 PM 
To: Price, Wayne; Sheeley, Paul 
Cc: 'Patrick B. McMahon (E-mail)'; 'Eddie Seay (E-mail)' 
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Paul please sample for General Chemistry unless you see hydrocarbons then include BTEX and TPH. 

—Original Message— 
From: Price, Wayne 
Sent: Wednesday, May 04, 2005 3:37 PM 
To: Sheeley, Paul 
Cc: Patrick B. McMahon (E-mail); Eddie Seay (E-mail) 
Subject: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Dear Paul: 

Please find enclosed a map and plot plan for this site. Please ASAP goto site and collect 4 surface soil 
samples that show evidence of the salt water spill. If you can see visible salt on the surface please collect 
in those areas or low areas where it may have pooled. Mark the plot plan and take photos of the sample 
areas. The Rice-Hicks report has samples starting at 3 feet below the surface but nothing on the surface. 
They are attempting to use a model to demonstrate "No Action" required. 

This is in close proximity to the city of Lovington's fresh water well field and they are very anxious for this 
to be resolved as is OCD. You might want to call Patrick McMahon or Eddie Seay to let them split 
samples. 

OCD considers this to be a very high priority since it may impact thousands of people. 

Thanks for your help. 

« File: map and plot plan.doc » 

Sincerely: 
l 



• 
Wayne Price 
New Mexico Oil Conservation Division 
1220 S. Saint Francis Drive 
Santa Fe, NM 87505 
505-476-3487 
fax: 505-476-3462 
E-mail: WPRICE@state.nm.us 

2 



Price, Wayne 

From: Sanchez, Daniel 
Sent: Wednesday, May 04, 2005 3:43 PM 
To: Price, Wayne 
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e 

Sounds good to me. Keep me posted and keep on Paul to get those samples as soon as possible. 

—Original Message— 
From: Price, Wayne 
Sent: Wednesday, May 04, 2005 3:41 PM 
To: Sanchez, Daniel 
Subject: FW: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Daniel I has chosen to collect soil samples before proceeding. As soon as I get the results then we can make a logical 
determination as to how this site needs to be cleaned-up. 

—Original Message— 
From: Price, Wayne 
Sent: Wednesday, May 04, 2005 3:39 PM 
To: Price, Wayne; Sheeley, Paul 
Cc: 'Patrick B. McMahon (E-mail)'; 'Eddie Seay (E-mail)' 
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Paul please sample for General Chemistry unless you see hydrocarbons then include BTEX and TPH. 

—Original Message— 
From: Price, Wayne 
Sent: Wednesday, May 04, 2005 3:37 PM 
To: Sheeley, Paul 
Cc: Patrick B. McMahon (E-mail); Eddie Seay (E-mail) 
Subject: Rice ABO IG release site 1R0415 UL G Sec 1-Tsl7s-R36e 

Dear Paul: 

Please find enclosed a map and plot plan for this site. Please ASAP goto site and collect 4 surface soil samples 
that show evidence of the salt water spill. If you can see visible salt on the surface please collect in those areas or 
low areas where it may have pooled. Mark the plot plan and take photos of the sample areas. The Rice-Hicks 
report has samples starting at 3 feet below the surface but nothing on the surface. They are attempting to use a 
model to demonstrate "No Action" required. 

This is in close proximity to the city of Lovington's fresh water well field and they are very anxious for this to be 
resolved as is OCD. You might want to call Patrick McMahon or Eddie Seay to let them split samples. 

OCD considers this to be a very high priority since it may impact thousands of people. 

Thanks for your help. 

« File: map and plot plan.doc » 

Sincerely: 

Wayne Price 
New Mexico Oil Conservation Division 
1220 S. Saint Francis Drive 
Santa Fe, NM 87505 
505-476-3487 
fax: 505-476-3462 

l 
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Price, Wayne 

From: Kristin Farris Pope [enviro@leaco.net] 
Sent: Wednesday, May 04, 2005 12:01 PM 
To: Price, Wayne 
Subject: Re: Rice ABO 1G 1R0415 

found our a n a l y s i s . I ' l l have t o fax i t . 
K r i s t i n 

O r i g i n a l Message 
From: "Price, Wayne" <WPrice@state.nm.us> 
To: " ' K r i s t i n F a r r i s Pope'" <enviro@leaco.net> 
Sent: Wednesday, May 04, 2005 11:52 AM 
S u b j e c t : RE: Rice ABO IG 1R0415 

> Please f i n d attached OCD's a n a l y t i c a l r e p o r t . I t ' s c a l l e d ABO Apache I 
> hope t h i s i s the r i g h t one. I t h i n k the date of March 01, 2005 v e r i f i e s . 
> 
> O r i g i n a l Message 
> From: K r i s t i n F a r r i s Pope [mailto:enviro@leaco.net] 
> Sent: Wednesday, May 04, 2005 9:55 AM 
> To: Price, Wayne 
> Cc: Randall Hicks; Carolyn Haynes 
> S u b j e c t : Re: Rice ABO IG 1R0415 
> 
> 
> faxed i t today. 
> 
> K r i s t i n 
> 
> O r i g i n a l Message 
> From: " P r i c e , Wayne" <WPrice@state.nm.us> 
> To: " K r i s t i n F a r r i s Pope (E-mail)" <enviro@leaco.nets. 
> Sent: Tuesday, May 03, 2005 4:26 PM 
> Subject: Rice ABO IG 1R0415 
> 
> 
>> I n October of 2003 Rice f i l e d a s p r i l l r e p o r t f o r t h i s s i t e . I am i n the 
>> process of reviewing the work plan and need a copy of the s p i l l r e p o r t . 
>> Please submit by fax or E-mail. 
>> 
>> Sincerely: 
>> 
>> Wayne Price 
>> New Mexico O i l Conservation D i v i s i o n 
>> 1220 S. Saint Francis Drive 
>> Santa Fe, NM 87505 
>> 505-476-3487 
>> fax: 505-476-3462 
>> E-mail: WPRICE@state.nm.us 
>> 
>> 
>> C o n f i d e n t i a l i t y Notice: This e - m a i l , i n c l u d i n g a l l attachments i s f o r the 
>> sole use of the intended r e c i p i e n t ( s ) and may c o n t a i n c o n f i d e n t i a l and 
>> p r i v i l e g e d i n f o r m a t i o n . Any unauthorized review,use,disclosure or 
>> d i s t r i b u t i o n i s p r o h i b i t e d unless s p e c i f i c a l l y provided under the New 
>> Mexico Inspection of Public Records Act. I f you are not the intended 
>> r e c i p i e n t , please contact the sender and destroy a l l copies of t h i s 
>> message. -- This email has been scanned by the MessageLabs Email 
>> S e c u r i t y 
> 
>> System. 

1 



>> 
> 
> 
> 
> This email has been scanned by the MessageLabs Email S e c u r i t y System. 
> For more i n f o r m a t i o n please v i s i t http://www.messagelabs.com/email 
> 
> 
> 
> 
> C o n f i d e n t i a l i t y Notice: This e - m a i l , i n c l u d i n g a l l attachments i s f o r the 
> sole use of the intended r e c i p i e n t ( s ) and may contain c o n f i d e n t i a l and 
> p r i v i l e g e d i n f o r m a t i o n . Any unauthorized review,use,disclosure or 
> d i s t r i b u t i o n i s p r o h i b i t e d unless s p e c i f i c a l l y provided under the New 
> Mexico I n s p e c t i o n of Public Records Act. I f you are not the intended 
> r e c i p i e n t , please contact the sender and destroy a l l copies of t h i s 
> message. -- This email has been scanned by the MessageLabs Email S e c u r i t y 
> System. 

This email has been scanned by the MessageLabs Email S e c u r i t y System. 
For more i n f o r m a t i o n please v i s i t http://www.messagelabs.com/email 
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LCEANALYSIS, INC JlltuJLLM^ 
6701 Absrdeen Avenue, Suite 9 Lubbock, Texas 79424 800-378*1296 806«794«1296 FAX 806*794*1298 
ISS McCutcheon. Suite H El Paso, TBXOS 73932 886*58B«3443 915»585«3443 FAX915»5B5»4944 

E-Mail: lab@traceanalysis.com 

Analytical and Quality Control Report 

Paul Sho»l«y Report Date: March 11,2005 
New Mexico OU Conservation Div. 
1625 N.French Dr. WorkOrder 503020° 
Hobbs, NM 88240 

Project Location: ABO Apache 
Project Name: Rice GWM 
Project Number 0S030I 

Enclosed are tbe Analytical Report and Quality Control Report for (he following samples) submitted to TraceAnalysis, Inc. 
Date Time Date 

Sample Description Matrix Taken Taken Received 
56076 
56077 

0503011415 
0503011420 

water 
water 

2005.03-01 
2005-03-01 

14:15 
14:20 

2005-03-02 
2005-03-02 

These results represent only the samples received in the laboratory. The Quality Control Report is generated on a batch basis. All 
infonnation contained in this report is for the analytical batch(es) in which your sample(s) were analyzed. 

This repon consists ofa total of 11 pages and shall not be reproduced except in its entirety, without written approval of TraceAnalysis, 
Inc. 

Dr. Blair Leftwich. Director 
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Report Date: March 11, 2005 
050301 

Work Order: 5030209 
Rice GWM 

Page Number: 1 of 1 
ABO Apache 

Summary Report 

Paul Sheeley 
New Mexico Oil Conservation Div. 
1625 N. French Dr. 
Hobbs, NM 88240 

Project Location: ABO Apache 
Project Name: Rice GWM 
Project Number: 050301 

Sample 
56076 
56077 

Description 
0603011415 
0503011420 

Report Date: March 11, 2005 

WorkOrder: 5030209 

000 

03f?» 

Matrix* 
Date 
Taken 

Time 
Taken 

water 
water 

2006-03-01 
2005-03-01 

14:15 
14:20 

Date 
Received 

2005-03-02 
2005-03-02 

BTEX 
Benzene Toluene Ethylbenzene Xylene 

Sample - Field Code (<-«/l-) (1BS/M (mc/L) 

56076 - 0503011415 <0.00100 <0.00100 <0.00100 <0.00100 

Sample: 56077 - 0503011420 

Param Flag Result Units RL 
Hydroxide Alkalinity <1.00 mg/l aa CaCoS 1.00 
Carbonate Alkalinity <1.00 mg/L as CaCo3 1.00 
Bicarbonate Alkalinity 166 mg/L as CaCo3 4.00 
Total Alkalinity 156 mg/L as CaCo3 4,00 
Specific Conductance 812 /iMHOS/cm o.oo 
Chloride 99.6 mg/L 0.500 
Fluoride 1.45 mc/L 0.200 
Sulfate 79.6 mg/L 0.500 
Nitrate-N 2.64 mg/L 0.200 
pH 7.72 s.u. 0-00 
Dissolved Calcium 98.0 mg/L 0.500 
Dissolved Magnesium 15.0 mg/L 0.500 
Dissolved Potassium 3.42 mg/L 0.500 
Dissolved Sodium 45.1 mg/L 0.500 
Total Dissolved Solids 506.0 mg/L 10.00 

TVaAoAnalyaU, • 6701 Aberdeen Ave., Suite 9 * Lubbock, TX 79424-1615 - (806) 794-1296 
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Report Dste: March 11,2005 Work Order: 5030209 Page Number: 2 of 11 
050301 Rice GWM ABO Apache 

Sample: 56076 - 0503011415 

Analysis: BTEX 
QCBatch: 16375 
Prep Batch: 14469 

Analytical Report 

Analytical Method: S 802 IB 
Date Analyzed: 2005-03-04 
Sample Preparation: 2005-03-04 

Prep Method: S503OB 
Analyzed By: MS 
Prepared By: MS 

Sl. 
Parameter Flag Result Units Dilution RL 
Benzene <0.00l00 mg/L I 0.00100 
Toluene <0.00100 mg/L 1 0.00100 
Ethylbenzene <0.00100 mg/L 1 0.00100 
Xylene <0.00100 mg/L I 0.00100 

Spike Percent Recovery 
Surrogate Flag Result Units Dilution Amount Recovery Limits 
Trifluorotoluene (TFT) 0.0876 mg/L 1 0.100 88 48.4-119 
4-Bromofluorobenzene (4-BFB) 0.0911 mg/L 1 0.100 91 17.1.138 

Sample: 56077 - 0503011420 

Analysis: Alkalinity 
QCBatch; 16522 
Prep Batch: 14593 

Parameter Flag 

Analytical Method: SM 2320B 
Date Analyzed: 2005-03-10 
Sample Preparation: 2005-03-10 

RL 
Result Units 

Prep Method: N/A 
Analyzed By: RS 
Prepared By: RS 

Dilution RL 
Hydroxide Alkalinity 
Carbonate Alkalinity 
Bicarbonate Alkalinity 
Total Alkalinity 

<1.00 
<1.00 

156 
156 

mg/L as CaCo3 
mg/LasCaCo3 
mg/L as CaCo3 
mg/L as CaCo3 

1.00 
1.00 
4.00 
4.00 

Sample: 56077 - 0503011420 

Analysis; Conductivity 
QC Batch: 16406 
Prep Batch: 14480 

Parameter 
Specific Conductance 

Flag 

Analytical Method: SM 251 OB 
Date Analysed: 2005-03-04 
Sample Preparation: 2005-03-04 

Prep Method: N/A 
Analvzed By: RS 
Prepared By: WB 

RL 
Result 

—sir 
Units Dilution RL 

MMNOS/cm 1 "OT 

Sample: 56077 - 0503011420 

Analysis: Ion Chromatography Analytical Method: E 300.0 Prep Method: N/A 
QCBatch: 16392 Date Analyzed: 2005-03-02 Analyzed By: WB 
Prep Batch: 14396 Sample Preparation: 2005-03-02 Prepared By: WB 

continued... 
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Report Date: March 11,2005 Wotk Order: 5030209 Page Number: 3 of 11 
050301 Rice GWM ABO Apache 

sample 56077 continued... 

RL 
Parameter Flag Result Units Dilution RL 

RL 
Parameter Flag Result Units Dilution RL 
Chloride 99.6 mg/L 5 0,500 
Fluoride 1.45 mg/L 5 0.200 
Sulfate 79.5 mg/L 5 0.500 

Sample: 56077 - 0503011420 

Analysis: N03 (IC) 
QCBatch: 16392 
Prep Batch: 14396 

Analytical Method: E 300.0 
Date Analyzed: 2005-03-02 
Sample Preparation: 2005-03-02 

Prep Method: N/A 
Analyzed By: WB 
Prepared By: WB 

Parameter 
Nitrate-N 

Flag 
RL 

Result Units Dilution RL 
2.64 mg/L 0.200 

Sample: 56077 - 0503011420 

Analysis: pH 
QCBatch: 16335" 
Prep Batch: 14431 

'sample nm in laboratoiy 

Analytical Method: SM4500-H+ 
Date Analyzed: 2005-03-02 
Sample Preparation: 2005-03-02 

Prep Method: N/A 
Analyzed By: RS 
Prepared By: RS 

Parameter 
PH 

Flag 
RL 

Result 
7.72 

Units 
s.u. 

Dilution 
1 

RL 
0.00 

Sample: 56077 - 0503011420 

Analysis: Salts. Dissolved 
QCBatch: 16322 
Prep Batch: 14385 

Parameter Flag 

Analytical Method: E 200.7 
Date Analyzed: 2005-03-04 
Sample Preparation: 2005-03-03 

RL 
Result Units 

Prep Method: N/A 
Analyzed By: RR 
Prepared By: TP 

Dilution RL 
Dissolved Calcium 
Dissolved Magnesium 
Dissolved Potassium 
Dissolved Sodium 

98,0 
15.0 
3.42 
45.1 

"mgTT" 
mg/L 
mg/L 

.ML 

0.500 
0,500 
0.500 
0.500 

Sample: 56077 - 0503011420 

Analysis: TDS Analytical Method: SM2540C Prep Method: N/A 
QCBatch: 16332 Date Analyzed: 2005-03-03 Analyzed By: WB 
Prep Batch: 14419 Sample Preparation: 2005-03-02 Prepared By: WB 
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Report Date: March 11,2005 WorkOrder. 5030209 Page 'Number: 4 of 11 
050301 Rice GWM ABO Apache 

RL 
Parameter Flag Result Units Dilution RL 
Total Dissolved Solids 506.0 mg/L 2 10.00 

Method Blank (1) QCBatch: 16322 

Parameter Flag 
MDL 

Result Units RL 
Dissolved Calcium 
Dissolved Magnesium 
Dissolved Potassium 
Dissolved Sodium 

<0.102 
<0.110 

<0.0454 
<0.0114 

mg/L 
mg/L 
mg/L 
mg/L 

0.5 
0.5 
0.5 
0.5 

Method Blank (1) QC Batch: 16332 

Parameter Flag 
MDL 

Result Units RL 
Total Dissolved Solids <5.000 mg/L 10 

Method Bunk (1) QC Batch: 16375 

MDL 
Parameter Flag Result Units RL 
Benzene <0.000650 mg/L 0.001 
Toluene <0.00101 mg/L 0.001 
Ethylbenzene <r0.000840 mg/L 0.001 
Xylene <0,000737 mg/L 0.001 

Spike Percent Recovery 
Surrogate Flag Result Units Dilution Amount Recovery Limits 
Trifluorotoluene (TFT) 0.0999 mg/L 1 0,100 100 48.4-119 
4-Bromofluorobenzene (4-BFB) 0.103 mg/L 1 0.100 103 17.1 -138 

Method Blank (1) QC Batch: 16392 

Parameter Flag 
MDL 

Result Units RL 
Nitrate-N <0.0217 mg/L 0.2 

Method Blank(1) QCBatch: 16392 

Parameter Flag 
MDL 

Result Units RL 
Chloride <0.337 mg/L 0.5 

continued... 
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Report Date: March 11,2005 
050301 

Work Older. 5030209 
Rice GWM 

Page Number 5 of 11 
ABO Apache 

method blank continued... 

Parameter Flag 
MDL 

Result Units RL 
Fluoride 
Sulfate 

<0.0594 
<0.409 

mg/L 
mg/L 

0.2 
0.5 

Method Blank (1) QC Batch: 16406 

Parameter Flag 
MDL 

Result Units RL 
Specific Conductance 2.33 /xMHOS/cm 

Method Blank (1) QC Batch: 16522 

Parameter Flag 
MDL 

Result Units RL 
Hydroxide Alkalinity 
Carbonate Alkalinity 
Bicarbonate Alkalinity 
Total Alkalinity 

<1-00 
<1.00 
<4.00 
<4.00 

mg/L as CaCo3 
mg/L as CaCo3 
mg/L as CaCo3 
mg/L as CaCo3 

1 
1 
4 
4 

Duplicate (1) QCBatch: 16332 

Duplicate 
Param Result 

Sample 
Result Units Dilution RPD 

RPD 
Limit 

Total Dissolved Solids 1562 1544 mg/L 2 1 14.9 

Duplicate (I) QC Batch: 16335 

Duplicate 
Param Result 

Sample 
Result Units Dilution RPD 

RPD 
Limit 

pH 122 7.22 s.u. 1 0 0.4 

Duplicate (1) QC Batch: 16406 

Duplicate 
Param Result 

Sample 
Result Units Dilution RPD 

RPD 
Limit 

Specific Conductance 122000 122000 pMHOS/cm 1 0 2.4 

Duplicate (1) QCBatch: 16522 

Duplicate 
Param Result 

Sample 
Result Units Dilution RPD 

RPD 
Limit 

Hydroxide Alkalinity < 1.00 <1.00 mg/LasCaCo3 1 0 20 
continued... 
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Report Date: March 11,2005 Work Order 5030209 Page Number 6 of 11 
050301 Rice GWM ABO Apache 

duplicate continued... 
Duplicate Samp]< » RPD 

Param Result Result Units Dilution RPD Limit 
Carbonate Alkalinity <1.00 <1.00 mg/L as CaCo3 1 0 20 
Bicarbonate Alkalinity 42.0 42.0 mg/L as CaCo3 1 0 20 
Total Alkalinity 42.0 42.0 mg/L as CaCo3 1 0 4.6 

Laboratory Control Spike (LCS-1) QCBatch: 16322 

LCS LCSD Spike Matrix Rec. RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Dissolved Calcium 50.3 51.4 mg/L 1 50.0 <0.102 101 2 88.4-107 20 
Dissolved Magnesium 50.7 50.9 mg/L 1 50.0 <0.110 101 0 85-112 20 
Dissolved Potassium 50.5 52.2 mg/L 1 50.0 <0.0454 101 3 88-113 20 
Dissolved Sodium 50.3 52.1 mg/L 1 50.0 <0.0114 101 4 90.9-112 20 

Percent recovery is based on the spike result RPD is based on the spike and spike duplicate result. 

Laboratory Control Spike (LCS-1) QCBatch: 16375 

LCS LCSD Spike Matrix Rec. RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Benzene 0.0987 0.0966 mg/L 1 0.100 <0.000650 99 2 81.9-114 20 
Toluene 0.104 0.101 mg/L 1 0.100 <0.00101 104 4 82.8-112 20 
Ethylbonzene 0.102 0.103 mg/L 1 0.100 <0.000840 102 0 82.2-111 20 
Xylene 0.274 0-260 mg/L I 0300 <0.000737 91 5 83.5-112 20 

Percent recovery is based on the spike result RPD is based on the spike and spike duplicate result 

LCS LCSD Spike LCS LCSD Reo. 
Surrogate Result Result Units Dil. Amount Rec. Rec. Limit 
Trifluorotoluene (TFT) 0.0982 0.0964 mg/L 1 0.100 98 96 48.4-119 
4-Bromofluorobenzene (4-BFB) 0.0944 0.0916 mg/L 1 0.100 94 92 17.1-138 

Laboratory Control Spike (LCS-1) QCBatch: 16392 

LCS LCSD Spike Matrix Rec. RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Nitrate-N 2.36 2.45 mg/L 1 2.56 <0.0217 94 4 90-110 20 

Percent recovery is based on the spike result RPD is based on the spike and spike duplicate result. 

Laboratory Control Spike (LCS-1) QCBatch: 16392 

LCS LCSD Spike Matrix Rec. RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Chloride 11.9 12.0 mg/L 1 12.5 <0.337 95 1 90-110 20 
Fluoride 2.36 2.39 mg/L 1 2.50 <0.0594 94 1 90-110 20 
Sulfate 12.2 12.2 mg/L 1 12.5 <0.409 98 0 90-110 20 

Percent recovery is based on the spike result RPD is based on tbe spike and spike duplicate result 
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Report Date: March 11,2005 Work Order: 5030209 
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Matrix Spike (MS-1) QC Batch: 16322 Spiked Sample: 56077 

MS MSD Spike Matrix Rec. RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Dissolved Calcium 1 164 159 mg/L 1 50.0 98 132 3 75 - 125 20 
Dissolved Magnesium 69.8 65-9 mg/L 1 50.0 15 i 110 6 75 - 125 20 
Dissolved Potassium 60.4 55.5 mg/L 1 50.0 3.42 114 8 75- 125 20 
Dissolved Sodium 101 96.3 mg/L 1 50.0 45.1 112 5 75- 125 20 

Percent recovery is based on the spike result RPD is based on the spike and spike duplicate result. 

Matrix Spike (MS-1) QC Batch: 16392 Spiked Sample: 56100 

MS MSD Spike Matrix Rec RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Nitrate-N 253 254 mg/L 100 2.50 27.1 90 0 78.8-116 20 

Percent recovery is based on the spike result RPD is based on the spike and spike duplicate result 

Matrix Spike (MS-1) QC Batch: 16392 Spiked Sample: 56100 

MS MSD Spilce Matrix Rec. RPD 
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit 
Chloride 1590 1630 mg/L 100 12.5 453 91 2 70.7-124 20 
Fluoride 238 252 mg/L 100 2.50 14.4 89 6 70.9-126 20 
Sulfate 2570 2380 mg/L 100 12.5 1370 96 0 82.5 - 123 20 

Percent recovery is based on the spike result RPD is based on the spike and spike duplicate result 

Standard (ICV-1) QC Batch: 16322 

ICVs ICVs ICVs Percent 
True Found Percent Recovery Date 

Param Flag Units Cone. Cone. Recovery Limits Analvzed 
Dissolved Calcium mg/L 50.0 51.7 103 95 -105 2005-03-04 
Dissolved Magnesium mg/L 50.0 51.9 104 95-105 2005-03-04 
Dissolved Potassium mg/L 50.0 51.0 102 95 - 105 2005-03-04 
Dissolved Sodium mg/L 50.0 51.9 104 95 - 105 2005-03-04 

Page Number: 7 of 11 
ABO Apache 

Standard (CCV-1) QC Batch: 16322 

CCVS CCVs CCVs Percent 

Param 
True Found Percent Recovery Date 

Param Flag Units Cone. Cone. Recovery Limits Analyzed 
Dissolved Calcium mg/L 50.0 51.9 104 90-110 2005-03-04 
Dissolved Magnesium mg/L 50.0 50.8 102 90-110 2005-03-04 
Dissolved Potassium mg/L 50.0 48.4 97 90-110 2005-03-04 
Dissolved Sodium mg/L 50.0 48.6 97 90-110 2005-03-04 

Standard (ICV-1) QCBatch: 16332 

1 Matrix spflce recovorits out of control limits due to matrix apiko being dilutod out- U» LCS/LCSD to dcmonitnm: analysis is under control. 



MAY-04-05 08:03 From:815221^ 15053939758 

• 

T-256 P.10/14 Job-794 

Report Date: March 11,2005 
050301 

WorkOrder: 5030209 
Rice GWM 

Page Number: 8 of 11 
ABO Apache 

Param Flag 

ICVs 
True 

Units Cone. 

ICVs 
Found 
Cone. 

ICVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Total Dissolved Solids mg/L 1000 998.0 100 90-110 2005-03-03 

Standard (CCV-1) QCBatch: 16332 

Param Flag 

CCVs 
True 

Units Cone. 

CCVs 
Found 
Cone 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Total Dissolved Solids mg/L 1000 <5.000 90-110 2005-03-03 

Standard (ICV-1) QCBatch: 16335 

Param Flag Units 

ICVs 
True 
Cone. 

ICVs 
Found 
Cone 

ICVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
PH s.u. 7.00 6.9$ 100 98 -102 2005-03-02 

Standard (CCV-1) QCBatch: 1633S 

Param Flag Units 

CCVs 
True 
Cone 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
PH B-U. 7.00 6.98 100 98 • 102 2005-03-02 

Standard (CCV-1) QC Batch: 16375 

Param Flag Units 

CCVs 
True 

Cone 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Benzene 
Toluene 
Ethylbenzene 
Xylene 

mg/L 
mg/L 
mg/L 
mg/L 

0.100 
0.100 
0.100 
0.300 

0.0969 
0.0976 
0.100 
0.266 

97 
98 
100 
88 

85-115 
85-115 
85-115 
85-115 

2005-03-04 
2005-03-04 
2005-03-04 
2005-03-04 

Standard (CCV-2) QCBatch: 16375 

Param Flag Units 

CCVs 
True 
Cone. 

CCVs 
Found 
Cone 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Benzene 
Toluene 
Ethylben&sne 
Xylene 

mg/L 
mg/L 
mg/L 
mg/L 

0.100 
0.100 
0.100 
0.300 

0.0976 
0.0988 
0.IO2 
0.272 

98 
99 
102 
90 

85-115 
85-115 
85- ns 
85-115 

2005-03-04 
2005-03-04 
2005-03-04 
2005-03-04 

Standard (ICV-1) QC Batch: 16392 
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Param Flag Units 

ICVs 
True 
Cone. 

ICVs 
Found 
Cone. 

ICVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Nitrate-N mg/L 2.50 2.40 96 90-110 2005-03-02 

Standard (ICV-1) QCBatch: 16392 

ICVs ICVs ICVs Percent 
True Found Percent Recovery Date 

Param Flag Units Cone. Cone. Recovery Limits Analyzed 
Chloride mg/L 12.5 11.9 95 90-110 2005-03-02 
Fluoride mg/L 2.50 2.41 96 90-110 2005-03-02 
Sulfate mg/L 12.5 12.1 97 90-110 2005-03-02 

Standard (CCV-1) QC Batch: 16392 

CCVs CCVs CCVs Percent 
True Found Percent Recovery Date 

Param Flag Units Cone. Cone. Recovery Limits Analyzed 
Nitrate-N mg/L 2.50 2.50 100 90-110 2005-03-02 

Standard (CCV-1) QC Batch: 16392 

CCVs CCVs CCVs Percent 
True Found Percent Recovery Date 

Param Flag Units Cone. Cone. Recovery Limits Analyzed 
Chloride mg/L 12.5 12.2 98 90-110 2005-03-02 
Fluoride mg/L 2.50 2.47 99 90-110 2005-03-02 
Sulfate mg/L 12.5 12.1 97 90-110 2005-03-02 

Standard (ICV-1) QC Batch: 16406 

Param Flag Units 

ICVs 
True 
Cone 

ICVs 
Found 
Cone. 

ICVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Specific Conductance »uMHOS/cm 1410 1430 101 90-110 2005-03-04 

Standard (CCV-1) QC Batch: 16406 

Param Flag Units 

CCVs 
True 
Cone. 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Specific Conductance /iMHOS/cm 1410 1390 98 90-110 2005-03-04 

Standard (ICV-1) QC Batch: 16522 

Param Flag Units 

ICVs 
True 
Cone. 

ICVs 
Found 
Cone. 

ICVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Total Alkalinity mg/L as CaCo3 250 242 97 90-110 2005-03-10 
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Standard (CCV-1) QC Batch: 16522 

Param Flag Units 

CCVs CCVs 
True Found 
Cone. Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 
Date 

Analyzed 
Total Alkalinity mg/L as CaCo3 250 240 96 90-110 2005-03-10 
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R.T. HICKS CONSULTANTS. LTD. 

1.0 SUMMARY 
ln November 2054, Hicks Consultants oversaw sampling of the vadose 
/one and installation of a monitoring well at the Lovington Abo IG site. 
We conducted the field activities in accordance with industry standard 
protocols and our work was consistent with our workplan, which 
NMOCD approved on November 4, 2004. This document is an amend­
ment to the June 2004 Corrective Action Plan. 

Our analysis of the data from the November field program consisted of 
the following: 

1. Addition of October 2003 to December 2004 weather data to the 
47-year weather record of our previous simulation. This data 
addition allowed HYDRUS-1D simulations to reflect the effect ol 
the recent unusually heavy precipitation in the area. 

2. Using the original hydrologic input data of our simulation pre­
sented in our June 2004 report and the new weather data, we 
allowed IIYDRUS-1D to refine the original predictions. 

3. Careful lithologic examination of cuttings and core from the 
November monitoring well boring and evaluation of penetration 
rail's allowed us to refine the lithologic profile data employed in 
our June 2004 Report. We used this more accurate lithologic 
profile as input to an additional HYDRUS-1D simulation, as 
described below. 

4. Because the newly-drilled well (LA MW-1) is only a few meters 
from the original boring SB-1, we used the vertical migration of 
the chloride in the upper vadose zone, the weather data for the 
period between these two sampling events, and the more accurate 
lithologic data to calibrate our final HYDRUS-1D simulation to the 
field data. 

When we compared the predictions of the original June 2004 simulation 
with a calibrated simulation that employed the recent weather data (#4 
above) we found: 

a. Neither simulation suggests that the produced water release poses 
a threat to ground water quality. 

b. The calibrated simulation predicted a maximum chloride concen­
tration in ground water of less than 175 mg/L whereas the 2004 
simulation predicted less than 250 mg/L. This difference is due to 
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R.T. HICKS CONSULTANTS, LTP. 

a mathematical error in our 2004 simulat ion input data. Because 
o f the error our 2004 simulat ion overestimated the vo lume of the 
release. I n our 2004 report, the s imulat ion employed an unrealis­
tic release vo lume of more than 1,000 barrels, a l though the text of 
our report stated that we employed a spil l vo lume of about 500 
barrels. The 2005 calibrated s imulat ion employed a release vo l ­
ume of 500 barrels, wh ich is consistent w i th our evaluat ion of the 
field data. 

c. The June 2004 simulat ion predicted a max imum chloride concen­
trat ion in g round water (estimated at 77 feet to ground water in 
2004) about 30 years f rom now. The calibrated s imulat ion sug­
gests the highest chlor ide concentration in ground water (mea­
sured in 2005 at about 90 feet f rom land surface) w i l l occur about 
35 years f rom present. 

d. The unusual ly heavy precipitat ion f rom November 2004 to No­
vember 2005 caused the chloride center of mass in the upper 
vadose zone (about 2 meters below land surface) to move about 60 
cm deeper in to the profi le (according to the sampl ing results). In 
the deeper vadose zone, at a depth of about 4 meters, chloride 
migrat ion was less than 30 cm for this same time. 

e. The calibrated model suggests that natural restoration of the root 
zone (0-2 meters) w i l l occur in approximately 11 years. 

f. Importat ion of clean soil may accelerate surface restoration of the 
site and further min imize the predicted impact to ground water 
qual i ty . 
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2.0 RESULTS OF FIELD 
ACTIVITIES 

Plate 1 presents a site map showing the location of LA MW-1 relative to 
the other borings and samples obtained at the site. Table 1 presents Ihe 
analyses of field samples from the vadose /one during the 
construction of the monitoring well. Figure 1 compares the 
chloride concentration versus depth for SB-1 (November 2003) 
and LA MW-1 (November 2004). The lithologic log of MW-1 
and that of SB-1 are included in Plates 2 & 3. 

The lithology of LA MW-1 is primarily a very fine-grained 
sand silt interbedded with a complex series of caliche beds (See 
Plate 2). Layers featuring some caliche exist from 0.5 to 10 feet 
bgs, 33 to 44 feet bgs, and 53 to 60 feet bgs. In addition to 
these zones, three well indurated layers of caliche exist at 0.5 
to 3 feet bgs, 15 to 17 feet bgs, 20 to 22 feet bgs, and 35 to 36 
feet bgs. There also exists a well indurated layer of sandstone 
at 67 to 68 feet bgs. 

As stated in our June 2004 Report, at the SB-1/LA MW-1 
location, there exist two chloride masses. The lower chloride 
mass at 15 feet bgs at this location is the result of an earlier 
release event which we believe flowed only several meters 
from the ruptured line. Other boreholes show a chloride v. 
depth signature that reflects the effect of the October 2003 spill 
only: a center of mass at 5 feet below land surface and near-
background chloride concentrations below 7 feet. Because a 
chloride center of mass at S B - 1 / I J \ MW-1 resides at a depth of 
15 feet below land surface, chloride movement is not materi­
ally affected by upward wicking due to evaportranspiration. This mass 
resides above and within the well indurated caliche at 15 to 17 feet bgs. 
There exists a similar retardation of chloride movement by the caliche 
layer at 35 to 36 feet bgs. As a note, we employed the observed chloride 
transport rates at these depths to calibrate the HYDRUS-1D simulation. 

The density of chloride measurements from the ROC November 2003 
field program is quite good and clearly defines the location of the chlo­
ride center of mass at the SB-1 location. The data from the November 
2004 event at I-A MW-1 does not allow us to identify the center of chlo­
ride mass with the same degree of precision, but for the purposes of our 
modeling experiment, the data are more than sufficient. 

I A MW-1 

Nov. 5, 2004 

Depth Chloride PID 
(feet) mg/kg 

6 1245 6.3 

11 552 7.3 

16 1307 5.2 

21 405 8.2 

26 741 1.1 

31 493 0.3 

36 566 0.8 

41 I2(. 3.3 

46 83 2.0 

51 •1" 1.0 

61 59 2.4 

71 50 2.9 

81 59 3.7 

91 55 2.7 

Ttble I. Analyses of 
*ampln from thr vadotr 
zone. 
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R.T. HICKS CONSULTANTS, LTD. 

figure L Chloride concentrations p. depth. 

Figure 1 shows that peak measured chloride concentration of the upper 
chloride center of mass has migrated approximately two feet downward 
in the 12-month period {November 2003 to November 2004). We believe 
that the recent rain events may have temporarily created saturated flow 
in the upper soil profile moving the chloride into the sand and caliche 
layer below the upper fractured caliche. 

The minimum chloride concentration between the two masses was at a 
depth of approximately 8 feet bgs in November 2003 and was located at 
approximately 11 feet bgs in November 2004. The chloride at these 
depths is within a very fine-grained sand silt featuring little caliche. 
Considering sampling depth approximations, this suggests a chloride 
migration rate of two to three feet per year. 

The recent precipitation did not affect the downward migration of the 
2003 peak chloride concentration (at 15 feet) in the same manner. As 
Figure 1 implies, the 2(K)4 peak chloride concentration is at a depth of 16 
feet, suggesting a migration rate of approximately one foot per year. 

At 35 to 36 feet bgs we note virtually identical chloride concentrations 
from both drilling events. At this depth, a hard caliche layer exists. 
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These materials feature extremely low hydraulic conductivities acting as 
barriers to flow. Below this caliche layer, chloride concentrations decline 
to background levels. 

We conclude that the recent precipitation events have resulted in move­
ment of the upper chloride mass downwards about 2 feet. The minimum 
chloride concentration has migrated downwards two to three feet. The 
lower mass of chloride has migrated downwards about one foot through 
the caliche at this horizon. A lower rate of chloride migration is present 
at the 35 to 36 foot caliche layer. The rates of chloride migration, when 
weighted by thickness of soil material, suggest a rate of chloride migra­
tion ot about two feet per year. Using this estimate, the peaks of chloride 
concentration will enter ground water about 35 years and 42 years from 
now. 

Basin Environmental obtained samples from LA MW-1 on 12/3/04 and 
on 3/1/05. The results of these samples are presented in Table 2. As 
expected, the results show no evidence of ground water impact. Please 
note that the results of both analysis are in general agreement. The TDS 
result from the 3/1/05 sampling was analyzed outside of the "hold 
time", but we are confident that the result is representative. Additional 
ground water sampling is proposed later in this Corrective Action Plan 
Ammendment. 

Table 2. Ground Water Analyses LA MW-I 

Date Sampled Cl TDS S04 Ca Mg | K Na Benzene I oluene Ethylbenzene 1 Xylenes 
ppm) (PPb) 

V 1 /2005 120 532 Ml.8 85.2 13.5 1 5.1 1 48.3 ND ND ND ND 
12/3/2004 80.5 329 85.7 HO 12.9 2.6 42.4 ND ND ND ND 
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3.0 SIMULATION OF CHLORIDE 
FATE AND TRANSPORT 

SUMMARY OF JUNE 2004 SIMULATIONS 

Our Juno 2004 report predicted the chloride concentration soil profile 
shown in Figure 2. This simulation did not employ climate data that 
correlated with the time between the release and the time of the sam­
pling. The period between the release and the sampling is characterized 
by greater precipitation than what was in the climate record employed 
for this original HYDRU&1D simulation. In arid climates, the transport 
of chloride in the near-term (weeks or months) depends upon weather 
while the long-term transport depends upon climate. Therefore, it can 
be difficult or impossible to compare actual field data with predicted 
chloride values unless the simulation uses the weather data for the 
period in question Despite the difference in weather data, we adjusted 
the hydraulic properties of the 2t*04 vadose zone model such that the 
center of chloride mass lor the field data and the prediction were rela­
tively close (Figure 2). Because of this Meld verification, we felt suffi­
ciently confident to make predictions of the long-term impact to ground 
water. The June report predicted a chloride concentration v. time for a 
10-foot thick aquifer would resemble Figure 3. 

Ftgurr2, Chlorite comm* 
Irtition .oil profile prrdic 
lion from lune 2004 report 
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Figure 3 shows that chloride concentration in a monitor well immedi­
ately adjacent to the spill site will reach a maximum chloride concentra­
tion of about 240 ppm in 2033 - if the aquifer is 10 feet thick. If chloride 
mixes in the entire 130-foot thick aquifer of the area, then the June report 
simulation predicted a response shown in Figure 4. In our investigations 
of other areas of Lea County, we have found that chloride mixes 
throughout the aquifer and we maintain that Figure 4, which shows a 
maximum chloride concentration less than 120 ppm, better represents 
the potential chloride concentrations in ground water near the site based 
upon the input available to us in June 2004. 

Figure 3. Chloride concen­
tration assuming an aquifer 
thickness of 10 feet. 
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Figure 4. Qxlonde concentration assuming an aquifer thickness of 130feet. 

CORRECTIVE ACTION PUN AMENDMENT LOVINGTON ASO IG RELEASE SITE 
March 7005 

Page 7 
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INPUT FOR JANUARY 2005 SIMULATIONS 

Because the release lies adjacent to water supply wells for the City of 
Lovington, NMOCD expressed concern with the level of certainty associ­
ated with the 2004 modeling exercise. NMOCD requested the monitor­
ing well and vadose zone sampling program presented in the previous 
section of this CAP ammendment. Because of this new data, we were 
able to increase the certainty of the modeling exercise in several ways: 

1. We acquired and installed the weather data for Hobbs, New 
Mexico from October 1, 2003 to November 6, 2004 into the 
1IYDRUS-1D simulation for the site. This data is collected ap­
proximately 12 miles south of the spill site. As data from the 
I.ovington Airport is not complete for these dates, this is the 
closest available weather data to the site. We then began the 
simulation using weather data for October 2003, when the release 
actually occurred. The input data in the June 2004 report was 
used with this new weather data to determine the importance of 
this new data on the prediction of ground water quality. An 
amount of chloride corresponding to 500 barrels at 20,000 ppm 
chloride was installed in the soil profile with a distribution shape 
similar to the SB-3 chloride profile. Appropriately dated atmo­
spheric data was installed. This is 2005 Simulation #1. 

2. Because of the need for certainty, we collected a very detailed 
description of the vadose zone for the MW-1 boring (See Plate 2). 
['his improved vadose zone profile data was used in a second 
simulation. To calibrate the model, the chloride concentration data 
obtained by ROC at SB-1 in their November 2003 field event was 
installed as an initial condition. We then ran the model for one 
year with the November to November Hobbs weather data. We 
made slight adjustments to the hydraulic properties in order to 
calibrate the 2005 model predictions to the chloride migration 
observed in the field data. Into this field calibrated model, we 
installed a chloride load of 500 barrels at 20,000 ppm in the soil 
profile that we consider representative of the site. This is 2005 
Simulation #2. 

In a forthcoming CD, we will provide the input parameters for both of 
the simulations. 
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R.T. KICKS CONSULTANTS, LTD 

RESULTS OF JANUARY 2005 SIMULATIONS 

Figure 5 plots the pre­
dicted chloride concen­
trations of Simulations 1 
(data shown in a solid 
line) and Simulation 2 
(calibrated simulation, 
line marked with dia­
monds) versus the 
observed field data 
obtained in November 
2003 (SB-1, dashed line) 
and November 2004 
(MW-1, dashed line 
with triangles). See Plate 
4 for the full profiles. 
According to Figure 1 of 
this submission, the 
upper center of chloride 
mass moved down­
wards about two feet 

Figure 5 Predicted chloride 
lom-rntrations of January 2005 
simulations 
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during the period between the sampling of SB-1 and the sampling of LA 
MW-1. The lower chloride mass moved slightly over one foot within the 
caliche layer at 15 to 17 feet bgs during this time interval. Clearly the 
density of data represented in Figure 1 introduces some error to these 
estimates. For the purposes of this report we accept these estimates and 
assume that Figure I shows the actual migration rate of the chloride. 

The HYDRUS-ID 2005 Simulation #1, run with the recent Hobbs 
weather data shows a dispersion of the upper chloride mass (See Figure 
5) for November 2004. The lower chloride mass also shows dispersion 
along with a downwards migration of the peak chloride concentration to 
a depth of 17 feet. 

In our calibrated HYDRUS-ID 2005 simulation #2, the center of the 
upper chloride mass migrated about 1.5 feel downwards from November 
2003 to November 2004. I he minimum chloride concentration has 
migrated slightly over one foot downwards. The center of the lower 
chloride mass migrated 1.1 feet in the same time interval, about 10 
percent more than observed. 

I his model was calibrated by using extremely conservative dispersion 
coefficients. We believe that the model's conservative prediction of the 
rate of movement of chloride in the upper ten feet of the soil profile are 
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due to the difficulty of accounting for the hydraulic properties of the 
uppermost fractured caliche bed. These fractures act as aids to flow in 
saturated conditions and as a hindrance to flow during the unsaturated 
conditions between severe precipitation events. We believe that the rate 
of movement of the lower chloride mass demonstrates a good agreement 
of the model with Ihe field data. 
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Because we see a match 
between the 2004 field 
chloride concentrations 
and the predicted chlo­
ride concentration of 
Simulation #2, we believe 
that the HYDRUS-1D 
2005 Simulation #2 is a 
better representation of 
the situation. Vertical 
migration rates and 
preservation of the two 
separate chloride concen­
trations are clearly a 
better match to field 
data. 

The predictions of 
chloride concentrations 
in ground water for 
each simulation are not 
materially different. 
Figure 6 shows the 
predicted results for 
Simulation #1 and 
Figure 7 shows the 
results for Simulation 
#2. As mentioned 
earlier. Simulation #1 
allows more dispersion. 
As such, the spread out 
pulses of chloride have 
an earlier effect on 
chloride concentrations 

in the aquifer. Peak concentrations of chloride are reduced within the 
aquifer. Finally, the dispersed pulse of chloride also effects aquifer chlo­
ride concentrations for longer time. 

N 

Figured Chlonde concentra­
tions predicted for simulation I. 

C » ~ * . c a . * . . - a t . * > . a a a i a a . . . . . l a . 

-.Oa. • ie . - - • • I I 

I-
i-

1 

/ V 

J 

M ro 
t a a . t a • 

Figure 7. Oilonde concentra­
tion* predicted in simulation 2 
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R.T. HICKS CONSULTANTS, LTD. 

Simulat ion N2, w i th very conservative dispersion coefficients preserves 
higher chlor ide concentrations. The results are that aquifer chlor ide 
concentrations are effected later in t ime; peak concentrations are higher; 
and that the t ime interval for which aquifer chlor ide concentrations are 
effected is shorter. In neither case d o the simulations predict an increase 
of ch lor ide concentration in the aquifer above 175 m g / l . 

CORRECTIVE ACIION PIAN AMENDMENT - lOVINCTDN ARO IR RELEASE SITE 
Marcli?005 

Page 11 



R.T. HICKS CONSULTANTS, LTD. 

4.0 CONCLUSIONS AND 
RECOMMENDATIONS 

Ine (ield data and revised HYDRUS-1D predictions continue to support 
the conclusions and recommendations presented in the 2004 Report: 

1. The produced water release represents no threat to ground water 
quality. 

2. The center of chloride mass associated with the release will mi­
grate very slowly through the vadose zone, reaching the water 
table in about 30-60 years if vegetation does not return to the 
surface. 

3. If the surface is re-vegetated, the rate of chloride migration and 
the impact to ground water will be less than predicted by the 
HYDRUS-1D simulations. 

4. Removal of the thin layer of soil at the site will reduce the chloride 
load but will create no material environmental benefit because the 
residual chloride in the vadose zone will not cause ground water 
to exceed the New Mexico Ground Water Standards. 

5. Importation of clean soil may accelerate surface restoration of the 
land. We do not believe that weather patterns could allow the 
chloride mass observed at 5-feet below land surface to wick up­
ward and cause sterilization of imported soil. 

We recommend that ROC: 

A. Not remove the thin layer of chloride-impaired soil from the site 
as stated in the August 31, 2004 letter to NMOCD, 

B. Import clean soil to accelerate re-vegetation of the site, 

C- Monitor ground water on a quarterly basis for two years as 
outlined in the October 28, 2004 letter to the NMOCD in order to 
further verify the veracity of our predictions presented herein. 

CORRECTIVE ACTIONPLANAMfNDMfNT 10VIHGT0N ABO 1GREUASE SITE 
Marrri?08S 
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R.T. Hicks Consultants 
901 Rio Grande NW 

Albuquerque. NM 

R i c e Operat ing C o m p a n y 

A b o R e l e a s e Site Ske tch Map 

Plate 1 

March 2005 
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Depth 
Lithologic 

Description 

Measured Soil 
Chloride Bulk Density 

Concentration of Sample 
mg/kg kg/m3 

Thickness of 
Column (ft) 

Calculated 
Chloride Mass 

In Column 
(kg/m2) 

0-1 ft Top Soil 

525 1858 10 3 23 

10 feet 
1-22 fi 

Caliche 

1088 1858 11 7 37 

22-31 ft 
1161 1858 5 3.57 

Sand & Caliche 
636 1858 4 1.57 

40 feel 
31-45 ft 
Sand 

573 1858 7 247 31-45 ft 
Sand 

236 1656 7 1.02 

Calculated Chloride Load 19 22 

R.T. Hicks Consu l t an t s , 
L td . 

901 R io Grande NW 
A l b u q u e r q u e , NM 

RICE Operating Company Plate 3 Soil Bore #1 R.T. Hicks Consu l t an t s , 
L td . 

901 R io Grande NW 
A l b u q u e r q u e , NM Calculation of Chloride Load, Abo Leak, Lea 

County, New Mexico 
Mar-05 
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122 West Taylor • Hobbs, New Mexico 88240 
Phone: (505)393-9174 • Fax: (505) 397-1471 

October 20,2003 

Paul Sheeley 
NMOCD Hobbs Office 
1625 N. French Drive 
Hobbs, New Mexico 

Re: ABO SWD System 
UL G-Sec 1 T17S R36E 
Lea County, New Mexico 

Dear Mr. Paul Sheeley: 

Rice Operating Company (ROC) discovered an accidental discharge at the above referenced site 
the occurred on October 18,2003. The feilure occurred when a 4" poly line spilt at the fusion 
point The release consisted of approximately 200 bbls of produced water affecting 30, 818 
square feet. 130 bbls were recovered. Landowner, City of Lovington, has been, notified. ROC is 
evaluating the site to determine the remedial plan of action. 

ROC requests approval of this C-141 form as an initial report. If yon have any questions, please 
call me at the above number. 

Sincerely, 

Jc/ Gatts 
Environmental Technician 

Enclosed: C-141 Initial Report 
Copy oflnrtial Spill 
Generic Spill and Leak Plan 
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I^tr ict l 
P.O.Box 1980,Hobbs,NM 88241-1980 
Disfaietn 
8 i l South First, s\rtesio,NM 8B210 

oMistm 
1000 Rio Brazos. A#ee, NM 87410 
Diariet rv 
2040 South Pacheco, Santa Fe. NM 87503 

OPERATOR El Initial Report D Final Repon 
Name 

Rjce Operating Company 
Contact 

Joe Gatts 
Address 

122 West Taylor Hobbs, MM 88240 
Telephone No. 

505-393-9174 
Facility Nome 

ABO 
Facility Typo 

SWD Disposal Line 

Surface Owner Mineral Owner Lease No. 
City of Lovington 

LOCATION OF RELEASE 
Unit Letter Section Township Range Feer from tbe North/South line Feet from tbe £ast/vVcstLine County 

G 1 17a 36e LEA 

MATURE OF RELEASE 
Type of Release 
Produced Water 

Volume of Release 

Approx. 200 bbls 
Volume Recovered 

130 bbls 
Source of Acio&sc 

Pipeline 
Date and Hour of Occurrence 
Unknown 

Daw and Hoar of Discovery 
10/18/03 1030 am 

Was immediate Notice Given"? 

13 Yes • No • NOT Required 
IfYES. To Whom? 

Paul Sheeley 
By Whom? 
Joe Gatts 

Date and Hour 
10/20/03 11:55 arajS^X 

Was a Watercourse Readied? 

• Yes HI No 
IfYES, Volume M^^'^Water^pTirBe. --\ 

I f a WfaercourSfi Impacted, Describe Fully, (Attach AddWona) Sbaci? IfNecessary) 

Describe Cause of Problem and Remedial Action Taken. (Attach. Additional Sheets IfNecessary) 
4" poly spilt at (Use, Cut out remaining Black and refused. 

Descriie Ares AQccled and Cleanup Action Takeo. (Attach Additional Sheets IfNecessary) 
Thc release consisted of appro*. 200 bbls, which affected 30,818 square feet. 130 bbls were recovered. 

1 hereby certify that the information given above is true ant complete to lhe best of my knowledge 9«i understand thai pursuant to NMOCD rules and regulations all operators are 
raquirad to report und /or file certain release notification* and perform corrective actions for releases which may endanger public health or thc environment The acceptance of.* 
C-141 report by the NMOCD narked as "Final Report" docs not relieve rhe operator of liability should their operations have fried to adequately investigate and remediate 
containinatian thai pose a threat to ground wHtcr, human health or the environment. In Addition, NMOCD acceptance of a C-141 report does not relieve the operator of responsibility 
for compliance with ear other federal. Mate, or local laws and /or regulations. 

S,~* LJ?*&t~ 
Printed Name; Joe Chits 

OIL CONSERVATION DrWS.TQtf 

Approved by 
District Supervisor: 

Title: Environmental Technician Approval Date; Eviration Date: 

Uate: 10/20/03 Phone: 505-393-9174 Conditions of Approval: Attached • 

State ofNew Mexico 
Energy. Minerals tL Naiural Resources Depanment 

OILCONSERVATIONQIVISION 
2040 South Pacheco 
Santa Fe, NM 87505 

OPERATOR'S MONTHl/V REPORT 

Fonn C-141 
Originated 2/13/97 

Submil 2 copies to 
Appropriate Distncl 
Office In accordance 

withRuiell6on 
bide side of form 

Release Notification and Corrective Action 
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• ' - RICE INITIAL SPILL REPORT 
IS THIS THE FIRST SPILL AT THIS LOCATION? / / Q 

DESCRIBE AREA AFFECTED AND ON-SITE ACTION TAKEN 
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121005 

L GoodhaerfX C MavpeS*^c^RfiS_^Mww&\^ 
J Rampone j^Afmendarei j/_ H. Cermone /R. Anderson ̂ Q, Ojeda JS 

. Andatsonj/_ K. Farris y_ J^fafffi -*^~ 

1^ 
5H1LL REPORTING REQUIREMENTS 

WEEKDAYS: TURN IN ROC SPILL REPORT SAME DAY OR BY 10:00 AM NEXT DAY 
REPORT MUST BE ACCOMPANIED BY DRAWING AND PHOTOS 

WEEKENDS: IF SPILL IS OVER40G0 SQUARE FEET, CALL OCD (393-6161) AND REPORT 
THAT ASPILL HAS BEEN-FOUND THAT MAY BE OVER 25 BBLS. COMPLETE ROC SPILL 

REPORT AS NOTED ABOVE AND TURN'IN TO ENVIRONMENTAL TECH. ' 

OCD PHONE NO. 393-6161 TIME CALLED \ \ t S 5 ^ DATE 

NAME OF OCD PERSON NOTIFIED 

RICE INITIAL SPILL REPORT 
SYSTEM ^faf) TIME & DATE DISCOVERED JQ; 3 O /<j//%-Z 

NAME OF PERSON REPORTING LEAK / W t { W j i c j pu^ f tA - O J L 

SECTION § I TOWNSHIP 17 S . RANGE % j > £ ' UNIT LETTER 

JCT BOX • ON LJNE BETWEEN JCT ^gS^f^^ND JCT f£r 

DISTANCE FROM JCT / f ^ > j * T O SPILL SITE / p q 1 .' FEET N (§) S . W 

jSWD WELL PUMP STATION • 

VOLUME OF SPILL / <? & BARRELS ^0,87^ SQUARE FEET AFFECTED 

FLUID TYPE lU/ • BARRELS RECOVERED /JO S/))s 

LIVESTOCK PRESENT • PICTURES TAKEN 

_ . — • —* 
WAS LEAKSITE FENCED J/0 

r DESCRIBE CAUSE OF PROBLEM AND w n w
 ^ B P P A I R P T I - - - / <^ F PROBLEM AND HOW IT WAS REPAIRED:-. / z ? / _ ^ 

13 THE REPAIR: TEMPORARY U3£ffl CLAMP PERMANENT. 

' D R A W SFILL SITE ON H A C K 
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E_ N V I R O N M E N T 

12600 West f-20 East * Odessa, Texas 7^765 

Analytical Report 
Prepared for: 

Kristm Pope 

Rice Operating Co. 

122 W. Taylor 

Hobbs, NM 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Location: Lovington 

Lab Order Number: 5C02003 

Report Date: 03/15/05 
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i l 003 

Rice Operating Co. 
122 W. Taylor 
Hobbs NM, 88240 

Project: ABO-ApacheLALeak 
Proj eci Number: None Given 
Project Manager: Kristin Pope 

Fax: (505) 397-1471 

Reported: 
03/15/05 09:48 

ANALYTICAL REPORT FOR SAMPLES 

Sample ID Laboratory TD Mntrix Date Sampled Date Received 

MW-1 5C02003-OI Water 03/01/05 14:10 03/01/05 18:45 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fay (432) 563-1713 

Page 1 of 10 
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• • 

Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project; ABO-Apache LA Leak 

Project Number None Given 

Project Manager; Kristin Pope 

Fax:(505)397-1471 

Reported: 
03/15/05 09:54 

General Chemistry Parameters by EPA / Standard Methods 
Environmental Lab of Texas 

Analyte 

Reporting 
Result Limit Unil* Dilution Batch Prepared Analyzed Method Noie< 

MW-1 (5C0ZOO3-01) Water 

Total Alkalinity 148 2.00 rng/L j EC50405 03/03/05 03/03/05 EPA 310 

C l | | o r j d e 120 2.50 " 5 EC50903 03/03/05 03/03/05 Et>A 300.0 

Sulfate 91-8 2.50 

MW-1 (5C02003-01REI) Water 

Total Dissolved Solids 532 5.00 mg/L 1 EC503I1 03/11/05 03/11/05 EPA 160.1 O-CW.QC-02 

7Vie results in Ihis report apply to the samples analysed in accordance with the samples 
received in tlie laboratory. This analytical report mast be reproduced tn its entirety. 
With written approval of Erf Ironmemal lab of Texas. Page 2 Of 10 

biwirorimciuai Lao oi A exas 

1 WOO West 1-20 East - Odessa, Texas 79705 - (432) 563-J 800 - Fax (432) 563-J 713 
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Puce Operating Co. 
122 W. Taylor 
Hobbs NM, 88240 

Project: ABO-ApacheLALeak 
Project Number: None Given 

Project Manager: Kristin Pope 

fax:(505)397-1471 

Reported: 
03/15/05 09:48 

Total Metals by EPA / Standard Methods 
Environmental Lab of Texas 

Analyte 
Reporting 

Result Limit Units Dilution Batch Prepared Analyzed Melhod Note! 

MW-1 (5C02003-01) Water 

Calcium 85.2 0.100 mg/L io EC50412 03/03/05 03/04/05 EPA6010B 

Magnesium 13.5 0.0100 " 

Potassium 5.10 0.100 2 " " 

Sodium 48.3 0.IO0 10 1 

bnvironmentat LaD Of Texas The resells in this repon apply to tlie samples analyzed ih accordance with the samples 
received tn the laboratory, 'this analytical report must be reproduced in its entirely, 
with -written approval af Environmental Lab of Texas. Page 3 of 10 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - fax (432) 563-1713 
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Rice Operating Co. Project: ABO-ApaoheLALeak Fax:(505)397-1471 

122 W. Taylor Project Number: None Given Reported: 
Hobbs KM, 88240 Project Manager Kristin Pope 03/15/05 09;48 

Volatile Organic Compounds by EPA Method 8260B 
Environmental Lab of Texas 

Reporting 
Analyte Result Limit Un>« Dilution Butch Prepared Analyzed Method Note! 

MW-1 (5C02003-01) Water 

Benzene ND 1.00 ug/l 1 EC50703 03/04/05 03/04/05 EPA 8260B 
Toluene ND 1.00 

* •• 
-

• 
II 

Ethylbenzene ND 1.00 B I I 1 l l rt n 

Xylene (p/m) ND 1.00 « « n it u n 

Xylene (o) ND 1.00 i l H IT R 

Surrogate: Dibromofluoromethane ~U2% 68-129 it " • » tt n 

Surrogate: 1,2-Dichloroe\hane~d4 90-2% 72-J32 tt A tt 

Surrogate: Toluene-dS 104% 74-118 n tt tl n 

Surrogate: 4-Bromofluorobensene IOJ 96 65-140 ri it •• 

tin vrronmental Lab ot' • exas The results in this report apply to the sampies analysed In accordance with lite samples 
received in thc laboratory. This analytical report mutt he reproduced in Its entirety, 
vith iwtmn approval of Environmental Lab cf Texas. p a g £ 4 0 f ] rj 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 5634 800 - Fax (432) 563-1713 
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# • 
Rice Opera I ing Co. Project: ABQ-Apachc LA Leak Fax; (505) 397-1471 
122 W. TH-J lor Project Number: None Given Reported: 
Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 
Environmental Lab of Texas 

Reporting Spike Source %REC RFD 
Analyte Result Limit Units Level Result %REC limits RPD Limit Notes 

Batch EC50311-410.4 

Blank (ECS0311-BLK1) 
Total Dissolved Solids 

Duplicate (EC503I1-DUPJ) 
Total Dissolved Solids" 

Duplicate (EC50311-DUP2) 

Prepared: 03/02/05 Analyzed: 03/03/05 
ND 5i00 mg/L 

Source: 5C02003-01 
1150 ~ 1 M rngST 

Prepared: 03/02/05 Analyzed: 03/03/05 

1080 

Source?5C02003-01REl Prepared &. Analyzed: 03/11/05 

"SIS W 

Total Dissolved Solids" ~ 

Batch EC50405 - General Preparation 

556 5.00 > mg/L 

(WetChem) 

332 M l 20 

Blank (EC50405-BLK1) 
Total Alkalinity 

Calibration Check (EC50405-CCV1) 
Carbonate Alkalinity 

ND 
Prepared & Analyzed: 03/03/05 

2.00 mg/L 

Duplicate (EC504O5-DUP1) 
Total Alkalinity 

0.0500 mg/L 

Source: 5C02003-O1 

Prepared & Analyzed; 03/03/05 
O500" " ToU 80-120 

Prepared & Analyzed: 03/03/05 
149 2.00 mg/L 

Batch EC50903 - General Preparation (WetChem) 

148 15373 W 

Blank (EC50903-BLKI) 
Chloride ' 
Sulfate 

LCS (EC50903-BS1) 
Chloride 
Sulfate 

ND 
ND 

0.500 mg/L 
0.500 

102 

10.5 

mg/L 

Prepared & Analyzed: 03/03/05 

Prepared & Analyzed: 03/03/05 

—m 10.0 
102 80-120 

105 50-120 

imvironmeatalTiab "oT i exas Tlie resuhslnthisr^cporTappfy to the samples analysed in accordance with tlie samples 
received In the laboratory. This analytical report mmt bt reproduced in its entirely, 
•with written approval of Environmenlal Lab qf Texas. Page 5 of 10 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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• : m 
Rico "Operating Co. Project: ABO-Apache LA Leak Fax (505) 397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48 
General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Analyie Result 
Reporting 

Limit Units 
Spike Source %REC RPD 
Level Result %REC Limits RPD Limit Notes 

Batch EC50903 - General Preparation (WetChem) 
Calibration Check (ECS0903-CCV1) Prepared & Analyzed: 03/03/05 

Chloride 
Sulfate 

10.5 
10.8 

mg/L 10.0 105 80-120 
10.0 108 80-120 

Duplicate (EC50903-DUP1) Source: SC02010-01 Prepared & Analyzed: 03/03/05 
Sulfate " i^S J30 mg/L sTsf 20 

Chloride - 529 10.0 " 577 g,68 20 

tnvironmental Lat) Ot Texas Th,, results In this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
I vith written approval of Environmental Lab of Texas. 6 o f 10 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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RjeeOpcrating Co. Project; ASO-Apachc LA Leak Fax: (505) 397-1471 

122 W. Taylor Project Number; None Given Reported: 
Hobbs NM, 88240 Proj eci Manager: Kristin Pope 03/15/05 09:48 

Total Metals by EPA / Standard Methods - Quality Control 
Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %RJBC Limhs RPD Limit Notes 

Batch EC50412 • 6OIOB/N0 Digestion 

Blank (EC50412-BLK1) Prepared: 03/03/05 Analyzed: 03/04/05 
Calcium ND O.OIOT mg/L 
Magnesium ND 0.00100 tl 

Potassium ND 0.0500 
Sodium ND 0.0100 ft 

Calibration Check (EC50412-CCV1) Prepared: 03/03/05 Analyzed: 03/04/05 
Calcium 2.25 rng/L 2.00 112 85-115 
Magnesium 2.30 n 2.00 115 85-115 
Potassium 1.85 n 2.00 92.5 85-115 
Sodium 1.82 11 2.00 91.0 85-115 

Duplicate (EC50412-DUP1) Source: 5B2500S-01 Prepared: 03/03/05 Analyzed: 03/04/05 
Calcium 104 0.100 mg/L 99.2 ' irn." 20 
Magnesium 38.9 0.0100 11 41.0 5.26 20 
Potassium 10.8 0.500 11 11.1 2.74 20 
Sodium 267 )00 • 252 5.78 20 

Environmental LAD Ol I exas —~~"~~ 77tc remits in this report apply h Ihe samples analyzed in accordance with the samples 
received In the laboratory. Ihis analytical report must he reproduced In Its entirety, 
wilh written approval of Environmental Lab of Texas. Page 7 Of 10 

12600 West 1-20 East - Odessa. Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Rice'Operating, Co, Project: ABO-Apache LA Leak Fax: (505) 397-1471 

122 W, Taylor Project Number: None Given Reported: 
Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48 

Volatile Organic Compounds by EPA Method 8260B - Quality Control 
Environmental Lab of Texas 

Reporting Spike Source %RBC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EC50703 - EPA S030C (GCMS) 

Blank (EC50703-BLK1) Prepared & Analyzed; 03/04/05 
Benzene ND 1.00 ug/I 
Toluene ND 1.00 

• 
fthyihcnzcne ND 1.00 II 

Xylene (p/m) ND 1.00 h 

Xylene (o) ND 1.00 i l 

Surrogate: EkbromoJtuoromethaM 50.5 50.0 - w - 66-129' 
Surrogate: l,2'Dichhroethane^i4 42.6 tt 50.0 95.2 72-132 

Surrogate; Tohiene-dS 48.6 tt 50.0 97.2 74-113 
Surrogate: 4-Bromqfluoroheraene 4S.T " 50.0 96.2 63-140 

LCS (EC50703-BS1) Prepared & Analyzed: 03/04/05 
Benzene 55.7 ug/l io.O 111 70-130 
Toluene 56.6 n 50.0 U3 70-130 
Ethylbenzene 54.5 n 50.0 109 70-130 
Xylene (p/m) 95.6 n 100 95.6 70-130 

Xylene (o) 56.0 l i 50.0 112 70-130 

Surrogate: DWrotnOJtuorometHanv 51.0 1 50.1) 162 68-129 
Surrogate: 1.2-Dlchloroethane-d4 47.6 't 50.0 95.2 72-132 

Surrogate; Tahiene-dH 50.1 ti 50.0 100 74-1 IB 

Surrogate: 4-&romofluorobcnxene 50.2 50.0 100 65-140 

Calibration Check (EC50703-CCV1) Prepared & Analyzed: 03/04/05 

Toluene 54.0 Ug/l SO.O 108 70-130 
Ethylbenzene 50.7 it 50.0 101 70-130 

Surrogate: Dibromqfluoromethane 51.1 50.0 102 63-129 
Surrogate: l,2-Dichloroethane-d4 44.2 If 50.0 SS.4 72-132 

Surrogate: Toluene-d8 50.4 i / 50.0 101 74.118 

Surrogate: 4-BromoJluorobensene 48.6 50.0 97.2 65-140 

Lnviromnental L.ao Ot Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in tke laboratory. This analytica) report nntst be reproduced m itt entirely, 
with -written approval of Environmenlal Lab of Texas. Page 8 Of 10 

12600 West 1-20 East - Odessa. Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Rice Operating Co. 
122 W. Taylor 
Hobbs NM. 88240 

Project ABO-Apache LA Leak 
Project Number: None Given 
Project Manager: KrisrinPope 

fax:(505)397-1471 
Reported: 

03/15/05 09:48 

Volatile Organic Compounds by EPA Method 8260B - Quality Control 
Environmental Lab of Texas 

Analyte 
Reporting Spike Source %REC RPD 

Analyte Rfsult Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EC50703 - EPA S030C (GCMS) 

Matrix Spike (EC50703-MS1) Source: 5C02003-01 Prepared & Analyzed: 03/04/05 
Benzene ^ 6 . 9 ug/l 50.0 ND 114 80-120 
Toluene 58.8 tt 50.0 ND 118 80-120 
Ethylbenzene 's?,3 n 50.0 ND 117 80-120 
Xylene (p/m) 104 \t 100 ND 104 80-120 
Xylene (o) 58.7 

• 
50.0 _ ND 117 80-120 

Surrogate: Dlbromqfluorantetoane 51.3 j r 1 

50.0 . ~~m— 68-129 
Surrogate: l,2-Dlchloroethahe-d4 48.4 " 30.0 96.8 72-132 
Surrogate: Toiuene<IS 50.3 ff 50.0 101 74-118 
Surrogate: 4-Bromofluorobemene 49.7 tt 50.0 99.4 65-140 

Matrix Spike Dup (EC50703-MSD1) Source: SCO2003-01 Prepared & Analyzed: 03/04/05 
Benzene 56.2 ug/l 50.0 ND 112 80-120 1.24 20 
Toluene 58.1 IT 50.0 ND 116 80-120 1.20 20 
Ethylbenzene 57.1 » 50.0 ND 114 80-120 2.08 20 
Xylene (p/m) 100 n 100 ND 100 80-120 3.92 20 
Xylene (o) 58.4 it 5O.0 ND 117 80-120 0.512 20 

Surrogate: Dibromqjhtoromethane 49.2 M 50.1) iS.4 6S-129 
Surrogate: 1.2-Dlchloraethane-d4 47.0 ff 50.0 94.0 72-132 
Surrogate; Tohtene-dS 49.2 * 50.0 98.4 74-118 
Surrogate: 4-Bromqfluorobenzem 48.5 rr 50.0 97.0 65-140 

Environmental Lab Ot Texas " " The mufti tn this report apply to the samples analyzed in accordance with the sample.*: 
received in the tahprahry. This analytical report must be reproduced in its entirety, 
wltlt written approval of Environmental Lab qf Texas. ¥&j>6 9 of 10 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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1012 

Rice Operating Co. 
122 W. Taylor 
Hobbs NM, 88240 

Project; ABO-Apacho LA Leak 
Project Number: None Given 

Project Manager; Kristin Pope 

Fax:(505)397-1471 

Reported: 
03/15/05 09:48 

Notes and Definitions 

QC-08 Sample was Originally analyzed within holding time. However, it was determined that positive interferences contributed to thc 
sample results. The sample was rerun with lower volume of sample. 

O-04 This sample was analyzed outside the EPA recommended holding time, 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above Ihe reporting limit 

NR Not Reported 

dry Sample results reported an a dry weight basis 

RPD Kcladvt Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: CoXcVn Cj /C / t t C t ) Date: 3^/5"-OS" 

Raland K, Turtle, Lab Manager Jeanne Mc Murrey, Inorg. Tech Director 
Celey D. Keene, Lab Director, Org. Tech Director James L. Hawkins, Chemist/Geologist 
Peggy Allen, QA Officer Sandra Sanchez, Lab Tech. 

This material is intended only for the use ofthe individual (s) or entity to whom it is addressed, and may contain 
information that is privileged and confidential. 

if you have received this material in error, please notify us immediately at 432-563-1800. 

Environmental Lat) Ot Texas The results Ir this report apply to the samples analyzed m accordance wilh the samples 
received in the laboratory, ihis analytical report must be reproduced in its entirety, 
Wilh written approval of Environmental Lab qf Texas. Page 10 Of 10 

12600 West T-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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0014 

Environmental Lab of Texas 
Variance / Corrective Action Report - Sample Log-In 

Client 

Date/Time: 

Orders _ 

Initials; 
scours 

Sample Receipt Checklist 
Temperature of container/cooler? Yes No •r^O- C 
Shipping container/cooler in good condition? No 1 
Custodv Seals intact on shipping container/cooler? No 1 
Custody Seals intact on sample bottles? No Not present 
Chain of custody present? No 
Samoie Instructions comolete on Chain of Custodv? h No 
Chain of Custodv siqned when relinquished and received? rYesj No 
Chain of custody agrees with sample latel(s) No 
Container labels legible and intact? "fw? No 
Samoie Matrix and praoerties same as on chain of custody? Nc 1 
Samples in proper container/bottle? ' No 
Samples properly preserved? No ! 
Samoie bottles Intact? iffy No 1 
Preservations documented an Chain of Custodv? No 1 
Containers documented on Chain of Custody? No I 
Sufficient samrjle amount for indicated test? No 1 
AH samcies received within sufficient hold time? ! V§> No | 
VOC samples have zero fieadsoace? 1 | No Not Applicable 

V 

Other observations: 

Variance Documentation: 
Contact Person: - Date/Time: , Contacted by: 
Regarding: 

Corrective Action Taken: 



% P 01 X 
% A TRANSACTION REPORT ^ * 
% w W MAY-04-2005 RED 12:12 PH X 
X X 
* FOR: x 
X — * 
X RECEIVE t 
% % X DATE START SENDER RX TIME PAGES TYPE NOTE M# DP X 
% % 
* MAY-04 12:11 PH 1'39* 14 RECEIVE OK * 
X X 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 



Pr ice , Wayne 

From: Price, Wayne 

Sent: Monday, May 02, 2005 2:58 PM 

To: 'Kristin Farris'; Johnson, Larry; Sheeley, Paul; Price, Wayne 

Cc: Carolyn Haynes; Randall Hicks; Roy Rascon 

Subject: RE: Abo MW in Lovington 

OCD has not received the results. Please E-mail ASAP. 

Original Message 
From: Kristin Farris [mailto:enviro@leaco.net] 
Sent: Tuesday, March 01, 2005 7:50 AM 
To: Larry Johnson; Paul Sheeley; Wayne Price 
Cc: Carolyn Haynes; Randall Hicks; Roy Rascon 
Subject: Abo MW in Lovington 

Basin Environmental will re-sample the monitoring well at the Abo Apache 1A leak site in Lovington today 
at 1:00 pm. NMOCD-Hobbs will split samples. Please contact me if you need directions. 

Kristin Farris Pope 
Project Scientist 
RICE Operating Company 
Hobbs, NM 88240 
(505) 393-9174 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 

5/2/2005 



LAW OFFICES 

HEIDEL, SAMBERSON, NEWELL, COX & McMAHON 
C. GENE SAMBERSON 311 NORTH FIRST STREET F.L. HEIDEL 

MICHAEL T. NEWELL POST OFFICE DRAWER 1599 (1913-1985) 

LEWIS C COX, III 

PATRICK B. McMAHON 

LOVINGTON, NM 88260 

TELEPHONE (505) 396-5303 

FAX (505) 396-5305 

April 29, 2005 

VIA FACSIMILE/(505) 476-3462 

Wayne Price 
New Mexico Oil Conservation Division 
Environmental Bureau 
1220 South St. Francis Blvd. 
Santa Fe, NM 87505 

Re: Rice/Abo IG Leak Site 

Dear Mr. Price, 

Thank you for the opportunity to review Rice's most recent proposal to remediate the 
Abo IG leak site. Please be advised that the City of Lovington objects to Rice's plan. 

The flowline which had the leak at issue was installed as a result ofa grant of easement to 
Rice by the City. Under the terms of that easement, Rice does not have the right to leave 
contaminants in the right of way or on adjacent City property. I f the OCD grants Rice's proposed 
plan to leave contaminants in place, the City will view this as a taking and act accordingly. 

I f you have any questions, please do not hesitate to call. 

Sincerely, 

Patrick B. McMahon 

PBM:cd 
pc: Pat Wise, City Manager 



R. T. H I C K S C O N S U L T A N T S , L T D . 
901 Rio Grande Blvd NW • Suite F-142 A Albuquerque, NM 87104 • 505.266.5004 • Fax: 505.266-0745 

March 25, 2005 

Wayne Price 
NMOCD Environmental Bureau 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Via E-mail and Federal Express 

RE: Amended Corrective Action Plan Loving Abo IG Pipeline Release 
Section 1, 17S, 36E, Unit G 

Dear Wayne: 

On behalf of Rice Operating Company, R.T. Hicks Consultants, Ltd. is pleased to submit the 
attached Amended Corrective Action Plan for the above-referenced site. 

If you have any questions or concerns about the enclosed report, please let us know. 
Thank you for your time. 

Sincerely, 

R.T. Hicks Consultants, Ltd. 

Katie Lee 

Associate Scientist 
Copy: Rice Operating Company 



R.T. HICKS CONSULTANTS, LTD. 



Price, Wayne 
# 

To: 

From: 
Sent: 

Price, Wayne 

Monday, February 21, 2005 11:01 AM 

'katie@rthicksconsult.com'; Price, Wayne; Carolyn Doran Haynes (E-mail) 

Cc: Kristen at Rice; Randall Hicks; Sheeley, Paul; Johnson, Larry 

Subject: RE: NMOCD Case#1R0415 

After reviewing the lab QA/QC check-in sheet, it appears the sample bottle was not labeled. Please make arrangements to 
resample this monitoring well. Provide OCD the results no later than March 21, 2005. In addition, please contact the OCD Hobbs 
office and make arrangements for them to witness and/or split samples. 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Tuesday, December 21, 2004 12:43 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: RE: NMOCD Case #1R0415 

Dear Mr. Price, 

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as 
#1R0414, when in fact it should have read #1R0415. Attached, the report with the transmittal 
letter corrected. A hard copy of this report (with the incorrect number) has already been mailed 
to you. I can fax you the corrected first page, or send it via the post, as seems best to you. 

Best regards, 

Katie Lee 
Associate Scientist 
R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, NM 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Monday, December 20, 2004 3:32 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: NMOCD Case #1R0414 

Dear Mr. Price: 

Attached, please find a transmittal letter and supporting documents for the Rice Operating 
Company Abo IG Leak Site, NMOCD Case # 1R0414. If you have any trouble with these 
documents, questions, comments, etc, please let us know. A paper copy follows via snail 
mail. Happy holidays! 

Best regards, 

2/21/2005 



Katie Lee 
Associate Scientist 
R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, NM 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

From: Price, Wayne 

Sent: Monday, February 21, 2005 10:46 AM 

To: Patrick B. McMahon (E-mail) 

Subject: FW: NMOCD Case#1R0415 

Dear Mr. McMahon: 

Per your request please find attached a copy of the reports. After reviewing the report OCD has a concern with the sampling 
QA/QC. We will be asking Rice to re-sample the water. 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Tuesday, December 21, 2004 12:43 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: RE: NMOCD Case #1R0415 

Dear Mr. Price, 

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as #1R0414, 
when in fact it should have read #1R0415. Attached, the report with the transmittal letter corrected. A hard 
copy of this report (with the incorrect number) has already been mailed to you. I can fax you the corrected 
first page, or send it via the post, as seems best to you. 

Best regards, 

Katie Lee 
Associate Scientist 
R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, NM 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Monday, December 20, 2004 3:32 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: NMOCD Case #1R0414 

Dear Mr. Price: 

Attached, please find a transmittal letter and supporting documents for the Rice Operating Company 
Abo IG Leak Site, NMOCD Case # 1R0414. If you have any trouble with these documents, questions, 
comments, etc, please let us know. A paper copy follows via snail mail. Happy holidays! 

Best regards, 

Katie Lee 
Associate Scientist 

2/21/2005 



R.T. Hicks Consultants, Ltd. 1 

901 Rio Grande Blvd. NW F-142 
Albuquerque, N M 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

From: Price, Wayne 

Sent: Monday, February 21, 2005 10:46 AM 

To: Patrick B. McMahon (E-mail) 

Subject: FW: NMOCD Case#1R0415 

Dear Mr. McMahon: 

Per your request please find attached a copy of the reports. After reviewing the report OCD has a concern with the sampling 
QA/QC. We will be asking Rice to re-sample the water. 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Tuesday, December 21, 2004 12:43 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: RE: NMOCD Case #1R0415 

Dear Mr. Price, 

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as #1R0414, 
when in fact it should have read #1R0415. Attached, the report with the transmittal letter corrected. A hard 
copy of this report (with the incorrect number) has already been mailed to you. I can fax you the corrected 
first page, or send it via the post, as seems best to you. 

Best regards, 

Katie Lee 
Associate Scientist 
R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, N M 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Monday, December 20, 2004 3:32 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: NMOCD Case #1R0414 

Dear Mr. Price: 

Attached, please find a transmittal letter and supporting documents for the Rice Operating Company 
Abo IG Leak Site, NMOCD Case # 1R0414. If you have any trouble with these documents, questions, 
comments, etc, please let us know. A paper copy follows via snail mail. Happy holidays! 

Best regards, 

Katie Lee 
Associate Scientist 

2/21/2005 



R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, NM 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 4 
Sent: 

To: 

From: Patrick McMahon [hsncpbm@leaco.net] 

Monday, February 14, 2005 9:11 AM 

Price, Wayne 

Subject: Rice Abo 1G site 

Dear Wayne, 
As per our recent conversation, the City of Lovington is very interested in commenting on the Rice Abo 1G site. As of this date, 
however, we have not recieved copies ofthe sampling resuts from Rice's installation of their monitor well. Please forward those 
results to me. Once I have had a chance to review those results I will forward my comments to you. 
Thank You 
Patrick 

Heidel, Samberson, Newell, Cox & McMahon 
P.O. Drawer 1599 
Lovington, NM 88260 
Ph: (505) 396-5303 
Fax: (505) 396-5305 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

From: katie Lee [katie@rthicksconsult.com] 

Sent: Tuesday, December 21, 2004 12:43 PM 

To: Wayne Price 

Cc: Kristen at Rice; Randall Hicks 

Subject: RE: NMOCD Case#1R0415 

Dear Mr. Price, 

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as #1R0414, 
when in fact it should have read #1R0415. Attached, the report with the transmittal letter corrected. A hard 
copy of this report (with the incorrect number) has already been mailed to you. I can fax you the corrected 
first page, or send it via the post, as seems best to you. 

Best regards, 

Katie Lee 
Associate Scientist 
R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, N M 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

Original Message 
From: katie Lee [mailto:katie@rthicksconsult.com] 
Sent: Monday, December 20, 2004 3:32 PM 
To: Wayne Price 
Cc: Kristen at Rice; Randall Hicks 
Subject: NMOCD Case #1R0414 

Dear Mr. Price: 

Attached, please find a transmittal letter and supporting documents for the Rice Operating Company 
Abo IG Leak Site, NMOCD Case # 1R0414. If you have any trouble with these documents, questions, 
comments, etc, please let us know. A paper copy follows via snail mail. Happy holidays! 

Best regards, 

Katie Lee 
Associate Scientist 
R.T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW F-142 
Albuquerque, NM 87104 

Phone: 505-266-5004 
Fax: 505-266-0745 

2/21/2005 
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R. T. H I C K S C O N S U L T A N T S , L T D . 
901 Rio Grande Blvd NW • Suite F-142 • Albuquerque, NM 87104 • 505.266.5004 • Fax: 505.266-0745 

December 20, 2004 

Mr. Wayne Price 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 

RE: Abo IG Leak Site: 
Section 1,17S36E UnitG 
NMOCD Case #1R0415 

Dear Wayne: 

Included with this letter is the well log for our drilling event of November 5 th and 6th, 
2004. The well log features lithology, drilling notes, well construction, and field 
chloride and PID data. We have also included laboratory results from soil samples 
collected during the drilling and a site map with the position of this monitoring well, 
LA MW-1. In addition, the attached laboratory results of the first ground water 
sample from this well show no impact to ground water. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

David Hamilton 
Project Hydrologist 

Copy: Kristin Farris Pope 
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Analytical Report 
Prepared for: 

Kristin Pope 

Rice Operating Co. 

122 W.Taylor 

Hobbs, NM 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Location: Lovington 

Lab Order Number: 4L06004 

Report Date: 12/16/04 



• 
• 

Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax:(505)397-1471 

Reported: 
12/16/04 09:21 

ANALYTICAL REPORT FOR SAMPLES 

Sample IO Laboratory ID Matrix Date Sampled Date Received 

MW-1 4L06004-01 Water 12/03/04 08:30 12/06/04 10:35 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 

Page I of 12 



Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Organics by GC 

Environmental Lab of Texas 

Reporting 
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

MW-1 (4L06004-01) Water 

Benzene ND 0.00100 mg/L 1 EL40913 12/08/04 12/08/04 EPA 802 IB 

Toluene ND 0.00100 » » » 
Ethylbenzene ND 0.00100 « » 
Xylene (p/m) ND 0.00100 » 
Xylene (o) ND 0.00100 » 
Surrogate: a,a,a-Trifltiorotoluene 101 % 80-120 » » » 
Surrogate: 4-Bromofluorobenzene 96.0% 80-120 » » 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page 2 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



• 
• 

Rice Operating Co. 

122 W. Taylor 

Hobbs N M , 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax:(505)397-1471 

Reported: 

12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

Analyte Result 

Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Notes 

MW-1 (4L06004-01) Water 

Total Alkalinity 142 2.00 mg/L 1 EL41406 12/10/04 12/10/04 EPA310.2M 

Chloride 80.5 5.00 " 10 EL40916 12/08/04 12/08/04 EPA 300.0 

Total Dissolved Solids 329 5.00 " 1 EL40702 12/06/04 12/07/04 EPA 160.1 

Sulfate 85.7 5.00 " 10 EL40916 12/08/04 12/08/04 EPA 300.0 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Taxes. Page 3 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



• 
• 

Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471 

122 W.Taylor Project Number: None Given Reported: 
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Total Metals by EPA / Standard Methods 

Environmental Lab of Texas 

Reporting 
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

MW-1 (4L06004-01) Water 

Calcium 60.0 0.100 mg/L 10 EL41408 12/14/04 12/14/04 EPA6010B 

Magnesium 12.9 0.0100 " » 
Potassium 2.67 0.500 •• 
Sodium 42.4 0.100 » » 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. 

Page 4 of 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W.Taylor Project Number: Sone Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL40913 - EPA 5030C (GC) 

Blank (EL40913-BLK1) Prepared & Analyzed: 12/08/04 

Benzene ND 0.00100 mg/L 

Toluene ND 0.00100 

Ethylbenzene ND 0.00100 

Xylene (p/m) ND 0.00100 

Xylene (o) ND 0.00100 

Surrogate: a,a,a-Trifluorotoluene 19.8 ug/l 20.0 99.0 80-120 

Surrogate: 4-Bromofluorobemene 17.4 20.0 87.0 80-120 

LCS (EL40913-BS1) Prepared & Analyzed: 12/08/04 

Benzene 94.3 ug/l 100 94.3 80-120 

Toluene 97.6 100 97.6 80-120 

Ethylbenzene 96.2 100 96.2 80-120 

Xylene (p/m) 194 200 97.0 80-120 

Xylene (o) 99.5 100 99.5 80-120 

Surrogate: a,a,a-Trifluorotoluene 17.8 20.0 89.0 80-120 

Surrogate: 4-Bromofluorobenzene 22.1 20.0 110 80-120 

LCS Dup (EL40913-BSD1) Prepared & Analyzed: 12/08/04 

Benzene 97.4 ug/l 100 97.4 80-120 3.23 20 

Toluene 100 100 100 80-120 2.43 20 

Ethylben2ene 102 100 102 80-120 5.85 20 

Xylene (p/m) 202 200 101 80-120 4.04 20 

Xylene (o) 103 " 100 103 80-120 3.46 20 

Surrogate: a,a,a-Trifluorotoluene 18.7 20.0 93.5 80-120 

Surrogate: 4-Bromofluorobenzene 22.2 20.0 111 80-120 

Calibration Check (EL40913-CCVI) Prepared <S i Analyzed: 12/08/04 

Benzene 97.0 ug/l 100 97.0 80-120 

Toluene 99.1 •' 100 99.1 80-120 

Ethylbenzene 101 100 101 80-120 

Xylene (p/m) 199 • 200 99.5 80-120 

Xylene (o) 101 100 101 80-120 

Surrogate: a.a,a-Trifluorotoluene 19.4 20.0 97.0 80-120 

Surrogate: 4-Bromofluorobenzene 21.5 20.0 108 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report muat be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Page 5 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Organics by GC • • Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL40913 - EPA 5030C (GC) 

Matrix Spike (EL40913-MS1) Source: 4L06002-01 Prepared & Analyzed: 12/08/04 

Benzene 102 ug/l 100 ND 102 80-120 

Toluene 102 100 ND 102 80-120 

Ethylbenzene 101 100 ND 101 80-120 

Xylene (p/m) 203 200 ND 102 80-120 

Xylene (o) 111 100 ND 111 80-120 

Surrogate: a.a.a-Trifluorotoluene 18.4 20.0 92.0 80-120 

Surrogate: 4-Bromofluorobenzene 19.5 20.0 97.5 80-120 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. ^ ^ ^ j ̂  

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax: (505)397-1471 

Reported: 

12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

- Quality Control 

Analyte 

Reporting Spike Source 

Result Limit Units Level Result 

%REC 

%REC Limits RPD 

RPD 

Limit Notes 

Batch EL40702 - General Preparation (WetChem) 

Blank (EL40702-BLK1) Prepared: 12/06/04 Analyzed: 12/07/04 

Total Dissolved Solids 

Duplicate (EL40702-DUP1) 

ND 5.00 mg/L 

Source: 4L03001-01 Prepared: 12/06/04 Analyzed: 12/07/0-1 

Total Dissolved Solids 4120 

Batch EL40916 - General Preparation (WetChem) 

5.00 mg/L 4030 2.21 20 

Blank (EL40916-BLK1) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

Blank (EL40916-BLK2) 

0.00 

0.00 

0.500 mg/L 

0.500 

Prepared & Analyzed: 12/08/04 

Sulfate 

Chloride 

L C S (EL40916-BS1) 

0.00 

0.00 

0.500 mg/L 

0.500 

Prepared & Analyzed: 12/08/04 
Chloride 

Sulfate 

L C S (EL40916-BS2) 

9.75 

11.7 

0.500 mg/L 

0.500 

10.0 

10.0 

97.5 

117 

80-120 

80-120 

Prepared & Analyzed: 12/08/04 
Chloride 

Sulfate 

L C S Dup (EL40916-BSD1) 

9.77 

11.8 

0.500 mg/L 

0.500 

10.0 

10.0 

97.7 

118 

80-120 

80-120 

Prepared & Analyzed: 12/08/04 
Sulfate 

Chloride 

11.8 

9.83 

0.500 mg/L 

0.500 

10.0 

10.0 

118 

98.3 

80-120 

80-120 

0.851 

0.817 

20 

20 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance wilh the samples 
received in the laboratory. This analytical report mrist be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page 7 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. 

122 W.Taylor 

Hobbs NM, 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax: (505) 397-1471 

Reported: 

12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Analyte Result 

Reporting 

Limit Units 

Spike Source 

Level Result %REC 

%REC 

Limits RPD 

RPD 

Limit Notes 

Batch EL40916 - General Preparation (WetChem) 

LCS Dup (EL40916-BSD2) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

9.74 

11.7 

0.500 mg/L 

0.500 

10.0 97.4 

10.0 117 

80-120 

80-120 

0.308 

0.851 

20 

20 

Calibration Check (EL40916-CCV1) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

9.79 

11.7 

mg/L 10.0 97.9 

10.0 117 

80-120 

80-120 

Calibration Check (EL40916-CCV2) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

9.80 

11.7 

mg/L 10.0 98.0 

10.0 117 

80-120 

80-120 

Duplicate (EL40916-DUP1) Source: 4L03001-01 Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

1570 

809 

20.0 mg/L 

20.0 

1330 

682 

16.6 

17.0 

20 

20 

Duplicate (EL40916-DUP2) Source: 4L06003-02 Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

731 

1210 

20.0 mg/L 

20.0 

725 

1200 

0.824 

0.830 

20 

20 

Batch EL41406 - General Preparation (WetChem) 

Blank (EL41406-BLK1) Prepared & Analyzed: 12/10/04 

Total Alkalinity ND 2.00 mg/L 

Duplicate (EL41406-DUP1) Source: 4L06003-01 Prepared & Analyzed: 12/10/04 

Total Alkalinity 161 2.00 mg/L 160 0.623 20 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page % of 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W. Taylor Project Number: None Given Reported: 
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL41406 - General Preparation (WetChem) 

Reference (EL41406-SRM1) Prepared & Analyzed: 12/10/04 

Carbonate Alkalinity 0.0501 mg/L 0.0500 100 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report mmt be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page 9 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Total Metals by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL41408 - 6OIOB/N0 Digestion 

Blank (EL41408-BLK1) Prepared & Analyzed: 12/14/04 

Calcium ND 0.0100 mg/L 

Magnesium ND 0.00100 

Potassium ND 0.0500 

Sodium ND 0.0100 

Calibration Check (EL41408-CCV1) Prepared & Analyzed: 12/14/04 

Calcium 1.95 mg/L 2.00 97.5 85-115 

Magnesium 2.06 2.00 103 85-115 

Potassium 2.18 2.00 109 85-115 

Sodium 1.77 " 2.00 88.5 85-115 

Duplicate (EL4I408-DUP1) Source: 4L03004-01 Prepared & Analyzed: 12/14/04 

Calcium 120 1.00 mg/L 127 5.67 20 

Magnesium 73.9 0.100 75.1 1.61 20 

Potassium 5.29 0.500 5.37 1.50 20 

Sodium 102 1.00 97.9 4.10 20 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Page 10 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs N M , 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Nol: Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: 
12/16/2004 

Raland K. Tuttle, Lab Manager Jeanne Mc Murrey, Inorg. Tech Director 
Celey D. Keene, Lab Director, Org. Tech Director James L. Hawkins, Chemist/Geologist 
Peggy Allen, QA Officer Sandra Sanchez, Lab Tech. 

This material is intended only for the use ofthe individual (s) or entity to whom it is addressed, and may contain 
information that is privileged and confidential. 

If you have received this material in error, please notify us immediately at 432-563-1800. 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Page I I o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W.Taylor Project Number. None Given Reported: 
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page 12 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Client: 

Environmental Lab of Tex< 
Variance / Corrective Action Report - Sample Log-In 

Date/Time: /Z/t/dY / / . 5& 

Order #: ULQlSdty 

Initials: S j t r j 

Sample Receipt Checklist 
Temperature of container/cooler? No -v c 
Shipping container/cooler in good condition? No 
Custody Seals intact on shipping container/cooler? Yes No CjNoXetfiaenP} 
Custody Seals intact on sample bottles? Yes No O\lot presenF} 
Chain of custody present? No 
Sample Instructions complete on Chain of Custody? tfeS^ , No 
Chain of Custody signed when relinquished and received? (W No 
Chain of custody agrees with sample label(s) No 
Container labels legible and intact? Yes ff\kJS 
Sample Matrix and properties same as on chain of custody? Yes fio 
Samples in proper container/bottle? ' No 
Samples properly preserved? No 
Sample bottles intact? No 
Preservations documented on Chain of Custody? <£ei> No 
Containers documented on Chain of Custody? No 
Sufficient sample amount for indicated test? No 
All samples received within sufficient hold time? No 
VOC samples have zero headspace? No Not Applicable 

Other observations: 

Variance Documentation: 
Contact Person: - Date/Time: Contacted by: 
Regarding: 

Corrective Action Taken: 



! 



Analytical Report 
Prepared for: 

Roy Rascon 

Rice Operating Co. 

122 W. Taylor 

Hobbs, NM 88240 

Project: Apache LA Leak MW 1 

Project Number: None Given 

Location: Abo 

Lab Order Number: 4K10011 

Report Date: 11/16/04 



Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project: Apache LA Leak MW 1 

Project Number: None Given 

Project Manager: Roy Rascon 

Fax: (505)397-1471 

Reported: 
11/16/04 14:13 

ANALYTICAL REPORT FOR SAMPLES 

Sample IO Laboratory ID Matrix Date Sampled Date Received 

SB@91' 4K10011-01 Soil 11/05/04 11:35 11/10/04 07:50 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 

Page 1 of8 



* • 

Rice Operating Co. 

122 W.Taylor 

Hobbs NM, 88240 

Project: Apache LA Leak MW 1 

Project Number: None Given 

Project Manager: Roy Rascon 

Fax:(505)397-1471 

Reported: 
11/16/04 14:13 

Organics by GC 

Environmental Lab of Texas 

Analyte 
Reporting 

Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

SB@91'(4K100U-01)Soil 

Benzene ND 0.0250 mg/kg dry 25 EK41501 11/12/04 11/12/04 EPA 802IB 

Toluene ND 0.0250 " •• » 
Ethylbenzene ND 0.0250 

Xylene (p/m) ND 0.0250 » » 
Xylene (o) ND 0.0250 " 
Surrogate: a.a.a-Trifluorotoluene 86.5% 80-120 » » » » 
Surrogate: 4-Bromofluorobenzene 106% 80-120 

Gasoline Range Organics C6-C12 ND 10.0 mg/kgdry 1 EK41006 11/10/04 11/11/04 EPA8015M 

Diesel Range Organics >C12-C35 ND 10.0 » » 
Total Hydrocarbon C6-C35 ND 10.0 » » 
Surrogate: I-Chlorooctane 97.8% 70-/30 » » » » 
Surrogate: I-Chlorooctadecane 110% 70-/30 » » » 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. ^ ^ ^ g 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Rice Operating Co. 

122 W.Taylor 

Hobbs NM, 88240 

Project: Apache LA Leak MW 1 

Project Number: None Given 

Project Manager: Roy Rascon 

Fax:(505)397-1471 

Reported: 

11/16/04 14:13 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

Analyte Result 

Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Notes 

SB @ 91' (4K10011-01) Soil 

Chloride ND 20.0 mg/kg Wet 2 EK41210 11/10/04 11/11/04 SW 846 9253 

% Moisture 3.0 % 1 EK41101 11/10/04 11/11/04 % calculation 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval o f Environmental Lab o f Texas. e 3 0 f g 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



R. T. H I C K S C O N S U L T A N T S , L T D . 
901 Rio Grande Blvd NW • Suite F-142 • Albuquerque, NM 87104 • 505.266.5004 • Fax: 505.266-0745 

December 20, 2004 

Dear Wayne: 

Included with this letter is the well log for our drilling event of November 5 t h and 6 t h, 
2004. The well log features lithology, drilling notes, well construction, and field 
chloride and PID data. We have also included laboratory results from soil samples 
collected during the drilling and a site map with the position of this monitoring well, 
LA MW-1, In addition, the attached laboratory results of the first ground water 
sample from this well show no impact to ground water. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

Mr. Wayne Price 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 

°EC 2 7 200* 
RE: Abo IG Leak Site: 

Section 1,17S 36E Unit G 
NMOCD Case #1R0414 

David Hamilton 
Project Hydrologist 

Copy: Kristin Farris Pope 



•01 R M G A B * Blvd NW M 4 2 

Alhwunquf . MM I 7 I W 
V « .'f*. VMM 

ROC Lov ing ton A Do SR« Plato 1 
•01 R M G A B * Blvd NW M 4 2 

Alhwunquf . MM I 7 I W 
V « .'f*. VMM 

Moni tor ing Walt Bor ing DM. MM 



R.T. Hicks Consultants 
901 Rio Grande NW 

Albuquerque, NM 

Rice Operating Company Plate 2 R.T. Hicks Consultants 
901 Rio Grande NW 

Albuquerque, NM 
Abo Release Site Sketch Map Dec-03 
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Analytical Report 
Prepared for: 

Kristin Pope 

Rice Operating Co. 

122 W. Taylor 

Hobbs, NM 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Location: Lovington 

Lab Order Number: 4L06004 

Report Date: 12/16/04 



Rice Operating Co. 

122 W.Taylor 

Hobbs NM, 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax: (505) 397-1471 

Reported: 
12/16/04 09:21 

ANALYTICAL REPORT FOR SAMPLES 

Sample ID Laboratory ID Matrix Date Sampled Date Received 

MW-1 4L06004-01 Water 12/03/04 08:30 12/06/04 10:35 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 

Page 1 of 12 



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471 

122W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Organics by GC 

Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

MW-1 (4L06004-01) Water 

Benzene ND 0.00100 mg/L 1 EL40913 12/08/04 12/08/04 EPA 802 IB 

Toluene ND 0.00100 •• » 
Ethylbenzene ND 0.00100 • » 
Xylene (p/m) ND 0.00100 •• 
Xylene (o) ND 0.00100 " 
Surrogate: a, a, a- Trifluorotoluene 101 % 80-120 » -
Surrogate: 4-Bromofluorobenzene 96.0 % 80-120 » » 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. g 2 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

Analyte Result 

Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Notes 

MW-1 (4L06004-01) Water 

Total Alkalinity 142 2.00 mg/L 1 EL41406 12/10/04 12/10/04 EPA310.2M 

Chloride 80.5 5.00 10 EL40916 12/08/04 12/08/04 EPA 300.0 

Total Dissolved Solids 329 5.00 1 EL40702 12/06/04 12/07/04 EPA 160.1 

Sulfate 85.7 5.00 " 10 EL40916 12/08/04 12/08/04 EPA 300.0 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page 3 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



• • 

Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project. ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax: (505) 397-1471 

Reported: 

12/16/04 09:21 

Total Metals by EPA / Standard Methods 

Environmental Lab of Texas 

Analyte Result 

Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Notes 

MW-1 (4L06004-01) Water 

Calcium 60.0 0.100 mg/L 10 EL41408 12/14/04 12/14/04 EPA6010B 

Magnesium 12.9 0.0100 " 

Potassium 2.67 0.500 " " 

Sodium 42.4 0.100 » 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. Page 4 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505)397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Mana >er: Kristin Pope 12/16/04 09:21 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL40913 - EPA 5030C (GC) 

Blank (EL40913-BLK1) Prepared & Analyzed: 12/08/04 

Benzene ND 0.00100 mg/L 

Toluene ND 0.00100 

Ethylbenzene ND 0.00100 •• 
Xylene (p/m) ND 0.00100 " 
Xylene (o) ND 0.00100 

Surrogate: a.a.a-Trifluorotoluene 19.8 ug/l 20.0 99.0 80-120 

Surrogate: 4-Bromofluorobenzene 17.4 20.0 87.0 80-120 

LCS (EL40913-BS1) Prepared & Analyzed: 12/08/04 

Benzene 94.3 ug/l 100 94.3 80-120 

Toluene 97.6 100 97.6 80-120 

Ethylbenzene 96.2 100 96.2 80-120 

Xylene (p/m) 194 200 97.0 80-120 

Xylene (o) 99.5 100 99.5 80-120 

Surrogate: a,a,a-Trifluorotoluene 17.8 20.0 89.0 80-120 

Surrogate: 4-Bromofluorobenzene 22.1 20.0 110 80-120 

L C S Dup (EL40913-BSD1) Prepared & Analyzed: 12/08/04 

Benzene 97.4 ug/l too 97.4 80-120 3.23 20 

Toluene 100 100 100 80-120 2.43 20 

Ethylbenzene 102 100 102 80-120 5.85 20 

Xylene (p/m) 202 200 101 80-120 4.04 20 

Xylene (o) 103 100 103 80-120 3.46 20 

Surrogate: a,a,a-Trifluorotoiuem 18.7 20.0 93. S 80-120 

Surrogate: 4-Bromofluorobenzene 22.2 20.0 111 80-120 

Calibration Check ( E L 4 0 9 1 3 - C C V 1 ) Prepared & Analyzed: 12/08/04 

Benzene 97.0 ug/l 100 97.0 80-120 

Toluene 99.1 100 99.1 80-120 

Ethylbenzene 101 100 101 80-120 

Xylene (p/m) 199 200 99.5 80-120 

Xylene (o) 101 100 101 80-120 

Surrogate: a,a,a-Trifluorololuene 19.4 " 20.0 97.0 80-120 

Surrogate: 4-Bromofluorobenzene 21.5 " 20.0 108 80-120 

Environmental Lab of Texas The results in ihis report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Page 5 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL40913 - EPA 5030C (GC) 

Matrix Spike (EL40913-MS1) Source: 4L06002-01 Prepared & Analyzed: 12/08/04 

Benzene 102 ug/l 100 ND 102 80-120 

Toluene 102 100 ND 102 80-120 

Ethylbenzene 101 100 ND 101 80-120 

Xylene (p/m) 203 200 ND 102 80-120 

Xylene (o) 111 100 ND 111 80-120 

Surrogate: a.a.a-Trifluorololuene 18.4 " 20.0 92.0 80-120 

Surrogate: 4-Bromofluorobenzene 19.5 20.0 97.5 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Q § Qf \2 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. 

122 W. Taylor 

Hobbs N M , 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager. Kristin Pope 

Fax: (505) 397-1471 

Reported: 

12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Analyte Result 
Reporting 

Limit Units 
Spike Source 
Level Result %REC 

%REC 
Limits RPD 

RPD 
Limit Notes 

Batch EL40702 - General Preparation (WetChem) 

Blank (EL40702-BLK1) Prepared: 12/06/04 Analyzed: 12/07/04 

Total Dissolved Solids ND 5.00 mg/L 

Duplicate (EL40702-DUP1) Source: 4L03001-01 Prepared: 12/06/04 Analyzed: 12/07/04 

Total Dissolved Solids 4120 5.00 mg/L 4030 2.21 20 

Batch EL40916 - General Preparation (WetChem) 

Blank (EL40916-BLK1) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

0.00 

0.00 

0.500 

0.500 

mg/L 

Blank (EL40916-BLK2) Prepared & Analyzed: 12/08/04 

Sulfate 

Chloride 

0.00 

0.00 

0.500 

0.500 

mg/L 

LCS (EL40916-BS1) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

9.75 

11.7 

0.500 

0.500 

mg/L 10.0 97.5 

10.0 117 

80-120 

80-120 

LCS (EL40916-BS2) Prepared & Analyzed: 12/08/04 

Chloride 

Sulfate 

9.77 

11.8 

0.500 

0.500 

mg/L 10.0 97.7 

10.0 118 

80-120 

80-120 

LCS Dup (EL40916-BSD1) Prepared & Analyzed: 12/08/04 

Sulfate 

Chloride 

11.8 

9.83 

0.500 

0.500 

mg/L 10.0 118 

10.0 98.3 

80-120 

80-120 

0.851 

0.817 

20 

20 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. 

Page 7 of 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project: ABO-Apache LA Leak 

Project Number: None Given 

Project Manager: Kristin Pope 

Fax: (505)397-1471 

Reported: 

12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

- Quality Control 

Analyte 
Reporting Spike Source 

Result Limit Units Level Result 
%REC 

%REC Limits RPD 
RPD 

Limit Notes 

Batch EL40916 - General Preparation (WetChem) 

LCS Dup (EL40916-BSD2) Prepared & Analyzed: 12/08/04 
Chloride 9.74 0.500 mg/L 10.0 97.4 80-120 0.308 20 

Sulfate 11.7 0.500 10.0 117 80-120 0.851 20 

Calibration Check (EL40916-CCV1) Prepared & Analyzed: 12/08/04 

Chloride 9.79 mg/L 10.0 97.9 80-120 

Sulfate 11.7 10.0 117 80-120 

Calibration Check (EL40916-CCV2) Prepared & Analyzed: 12/08/04 

Chloride 9.80 mg/L 10.0 98.0 80-120 

Sulfate 11.7 H 10.0 117 80-120 

Duplicate (EL40916-DUPI) Source: 4L03001-01 Prepared & Analyzed: 12/08/04 

Chloride 1570 20.0 mg/L 1330 16.6 20 

Sulfate 809 20.0 682 17.0 20 

Duplicate (EL40916-DUP2) Source: 4L06003-02 • Prepared & Analyzed: 12/08/04 

Chloride 731 20.0 mg/L 725 0.824 20 

Sulfate 1210 20.0 1200 0.830 20 

Batch EL41406 - General Preparation (WetChem) 

Blank (EL41406-BLK1) Prepared & Analyzed: 12/10/04 

Total Alkalinity ND 2.00 mg/L 

Duplicate (EL41406-DUP1) Source: 4L06003-01 Prepared & Analyzed: 12/10/04 

Total Alkalinity 161 2.00 mg/L 160 0.623 20 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Page 8 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505)397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Analyte Result 
Reporting 

Limit Units 

Spike Source 
Level Result %REC 

%REC 

Limits RPD 

RPD 

Limit Notes 

Batch EL41406 - General Preparation (WetChem) 

Reference (EL41406-SRM1) Prepared & Analyzed: 12/10/04 

Carbonate Alkalinity 0.0501 mg/L 0.0500 100 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. g 9 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager. Kristin Pope 12/16/04 09:21 

Total Metals by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EL41408 - 6OIOB/N0 Digestion 

Blank (EL41408-BLK1) Prepared & Analyzed: 12/14/04 

Calcium ND 0.0100 mg/L 

Magnesium ND 0.00100 " 
Potassium ND 0.0500 

Sodium ND 0.0100 " 

Calibration Check (EL41408-CCV1) Prepared & Analyzed: 12/14/04 

Calcium 1.95 mg/L 2.00 97.5 85-115 

Magnesium 2.06 2.00 103 85-115 

Potassium 2.18 2.00 109 85-115 

Sodium 1.77 " 2.00 88.5 85-115 

Duplicate (EL41408-DUP1) Source: 4L03004-OI Prepared & Analyzed: 12/14/04 

Calcium 120 1.00 mg/L 127 5.67 20 

Magnesium 73.9 0.100 75.1 1.61 20 

Potassium 5.29 0.500 5.37 1.50 20 

Sodium 102 1.00 97.9 4.10 20 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval o f Environmental Lab of Texas. Page 10 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project. ABO-Apache LA Leak Fax: (505)397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: 
12/16/2004 

Raland K. Tuttle, Lab Manager 
Celey D. Keene, Lab Director, Org. Tech Director 
Peggy Allen, QA Officer 

Jeanne Mc Murrey, Inorg. Tech Director 
James L. Hawkins, Chemist/Geologist 
Sandra Sanchez, Lab Tech. 

This material is intended only for the use of the individual (s) or entity to whom it is addressed, and may contain 
information that is privileged and confidential. 

If you have received this material in error, please notify us immediately at 432-563-1800. 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in ihe laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. Page 11 o f 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: ABO-Apache LA Leak Fax:(505)397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21 

Environmental Lab of Texas The results in this report apply io the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. 

Page 12 of 12 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Environmental Lab of Texas 
Variance / Corrective Action Report - Sample Log-In 

Client: &et. O^cajn 

Date/Time: J^k/di U: 

Order #: ULOtCtity 

initials: ^ j t r j 

Sample Receipt Chejgklist 
Temperature of container/cooler? (Yesp No - V c 
Shipping container/cooler in good condition? (Y§§) No 
Custody Seals intact on shipping container/cooler? Yes No 
Custody Seals intact on sample bottles? Yes No <j§ot present"^ 
Chain of custody present? No 
Sample Instructions complete on Chain of Custody? , No 
Chain of Custody signed when relinquished and received? vk No 
Chain of custody agrees with sample label(s) (Ye|> No 
Container labels legible and intact? Yes ® fiduhUto* f t p * 
Sample Matrix and properties same as on chain of custody? Yes No 
Samples in proper container/bottle? • No 
Samples properly preserved? fe No 
Sample bottles intact? No 
Preservations documented on Chain of Custody? No 
Containers documented on Chain of Custody? No 
Sufficient sample amount for indicated test? No 
Ail samptes received within sufficient hoid time? No 
VOC samples have zero headspace? No Not Applicable 

Other observations: 

I 
j 

Variance Documentation: 
Contact Person: - Date/Time: Contacted by: 
Regarding: 

Corrective Action Taken: 



Analytical Report 
Prepared for: 

Roy Rascon 

Rice Operating Co. 

122 W. Taylor 

Hobbs, NM 88240 

Project: Apache LA Leak MW 1 

Project Number: None Given 

Location: Abo 

Lab Order Number: 4K10011 

Report Date: 11/16/04 



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13 

ANALYTICAL REPORT FOR SAMPLES 

Sample ID Laboratory ID Matrix Date Sampled Date Received 

SB@91' 4K10011-01 Soil 11/05/04 11:35 11/10/04 07:50 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 

Page 1 of8 



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13 

Organics by GC 

Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

SB@91'(4K10011-01)Soil 

Benzene ND 0.0250 mg/kgdry 25 EK41501 11/12/04 11/12/04 EPA 8021B 

Toluene ND 0.0250 

• 
Ethylbenzene ND 0.0250 

Xylene (p/m) ND 0.0250 

Xylene (o) ND 0.0250 

Surrogate: a,a,a-Trifluorotoluene 86.5 % 80-120 » » 

Surrogate: 4-Bromofluorobenzene 106 % 80-120 " 
Gasoline Range Organics C6-C12 ND 10.0 mg/kgdry 1 EK41006 11/10/04 11/11/04 EPA 8015M 

Diesel Range Organics >C12-C35 ND 10.0 

Total Hydrocarbon C6-C35 ND 10.0 » 

Surrogate: 1-Chlorooctane 97.8 % 70-130 » » » 

Surrogate: 1-Chlorooctadecane 110 % 70-130 » " 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. p g 2 o f 8 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. 

122 W. Taylor 

Hobbs NM, 88240 

Project: Apache LA Leak MW 1 

Project Number: None Given 

Project Manager: Roy Rascon 

Fax: (505) 397-1471 

Reported: 

11/16/04 14:13 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

Analyte 

Reporting 
R e s u l t L i m i t Units Dilution Batch Prepared Analyzed Method Notes 

SB @ 91' (4K10011-01) Soil 

Chloride ND 20.0 mg/kg Wet 2 EK41210 11/10/04 11/11/04 SW 846 9253 

% Moisture 3.0 % 1 EK41101 11/10/04 11/11/04 %calculation 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report musl be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. 

Page 3 of8 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505)397-1471 

122 W.Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EK41006 - Solvent Extraction (GC) 

Blank (EK41006-BLK1) Prepared: 11/10/04 Analyzed: U/ll/04 

Gasoline Range Organics C6-CI2 ND 10.0 mg/kg wet 

Diesel Range Organics >C12-C35 ND 10.0 

Total Hydrocarbon C6-C35 ND 10.0 

Surrogate: 1-Chlorooctane 38.3 mg/kg 50.0 76.6 70-130 

Surrogate: 1-Chlorooctadecane 44.6 " 50.0 89.2 70-130 

LCS (EK41006-BS1) Prepared: 11/10/04 Analyzed: 11/11/04 

Gasoline Range Organics C6-C12 422 10.0 mg/kg wet 500 84.4 75-125 

Diesel Range Organics >C12-C35 471 10.0 500 94.2 75-125 

Total Hydrocarbon C6-C35 893 10.0 1000 89.3 75-125 

Surrogate: 1-Chlorooctane 46.3 mg/kg 50.0 92.6 70-130 

Surrogate: 1-Chlorooctadecane 45.6 • 50.0 91.2 70-130 

Cal ibra t ion Check (EK41006-CCV1) Prepared: 11/10/04 Analyzed: 11/11/04 

Gasoline Range Organics C6-C12 503 mg/kg 500 101 80-120 

Diesel Range Organics >C12-C35 564 500 113 80-120 

Total Hydrocarbon C6-C35 1070 1000 107 80-120 

Surrogate: 1-Chlorooctane 51.2 50.0 102 70-130 

Surrogate: 1-Chlorooctadecane 54.2 50.0 108 70-130 

M a t r i x Spike (EK41006-MS1) Source: 4K10009-02 Prepared: 11/10/04 Analyzed: 11/11/04 

Gasoline Range Organics C6-C12 522 10.0 mg/kg dry 521 ND 100 75-125 

Diesel Range Organics >C12-C35 586 10.0 521 ND 112 75-125 

Total Hydrocarbon C6-C35 1110 10.0 1040 ND 107 75-125 

Surrogate: 1-Chlorooctane 55.6 mg/kg 50.0 111 70-130 

Surrogate: 1-Chlorooctadecane 51.8 " 50.0 104 70-130 

Matrix Spike Dup (EK41006-MSD1) Source: 4K10009-02 Prepared: 11/10/04 Analyzed: 11/11/04 
Gasoline Range Organics C6-C12 538 10.0 mg/kg dry 521 ND 103 75-125 3.02 20 

Diesel Range Organics >C12-C35 595 10.0 521 ND 114 75-125 1.52 20 

Total Hydrocarbon C6-C35 1130 10.0 1040 ND 109 75-125 1.79 20 

Surrogate: 1-Chlorooctane 58.2 mg/kg 50.0 116 70-130 

Surrogate: 1-Chlorooctadecane 59.9 " 50.0 120 70-130 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. g 4 o f 8 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

Analyte Result Limit Units Level Result %REC Limits RPD Limtt Notes 

Batch EK41501 - EPA 5030C (GC) 

Blank (EK41501-BLK1) Prepared & Analyzed: 11/12/04 

Benzene ND 0.0250 mg/kg wet 

Toluene ND 0.0250 

Ethylbenzene ND 0.0250 

Xylene (p/m) ND 0.0250 

Xylene (o) ND 0.0250 

Surrogate: a,a,a-Trifluorotoluene 91.3 ug/kg 100 91.3 80-120 

Surrogate: 4-Bromofluorobenzene 96.4 100 96.4 80-120 

LCS (EK41501-BS1) Prepared & Analyzed: 11/12/04 

Benzene 95.0 ug/kg 100 95.0 80-120 

Toluene 96.5 100 96.5 80-120 

Ethylbenzene 97.7 100 97.7 80-120 

Xylene (p/m) 216 200 108 80-120 

Xylene (o) 101 100 101 80-120 

Surrogate: a,a, a-Trifluorotoluene 103 100 103 80-120 

Surrogate: 4-Bromofluorobenzene 109 100 109 80-120 

Calibration Check (EK41501-CCV1) Prepared: 11/12/04 Analyzed: 11/15/04 

Benzene 102 ug/kg 100 102 80-120 

Toluene 103 100 103 80-120 

Ethylbenzene 109 100 109 80-120 

Xylene (p/m) 237 200 118 80-120 

Xylene (o) 116 100 116 80-120 

Surrogate: a,a,a-Trifluorololuene 112 100 112 80-120 

Surrogate: 4-Bromofluorobenzene 119 100 119 80-120 

M a t r i x Spike (EK41S01-MS1) Source: 4K12001-07 Prepared & Analyzed: 11/12/04 

Benzene 2760 ug/kg 2500 83.0 107 80-120 

Toluene 2770 2500 235 101 80-120 

Ethylbenzene 2720 2500 222 99.9 80-120 

Xylene (p/m) 6780 5000 1210 111 80-120 

Xylene (o) 4350 2500 1730 105 80-120 

Surrogate: a,a,a-Trifluorotoluene 101 100 101 80-120 

Surrogate: 4-Bromofluorobemene Ul 100 111 80-120 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. P a ° e 5 o f 8 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes 

Batch EK41501 - EPA 5030C (GC) 

Matrix Spike Dup (EK41501-MSD1) Source: 4K12001-07 Prepared & Analyzed: 11/12/04 

Benzene 2890 ug/kg 2500 83.0 112 80-120 4.57 20 

Toluene 2900 2500 235 107 80-120 5.77 20 

Ethylbenzene 2850 2500 222 105 80-120 4.98 20 

Xylene (p/m) 7040 5000 1210 117 80-120 5.26 20 

Xylene (o) 4490 2500 1730 110 80-120 4.65 20 

Surrogate: a,a,a-Trifluorotoluene 94.3 100 94.3 80-120 

Surrogate: 4-Bromofluorobenzene 108 100 108 80-120 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report musl be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. 
Page 6 of8 
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Rice Operating Co. Project: Apache LA Leak MW 1 

122 W.Taylor Project Number: None Given 

Hobbs NM, 88240 Project Manager: Roy Rascon 

Fax: (505) 397-1471 

Reported: 

11/16/04 14:13 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC 
Analyte Result Limit Units Level Result %REC Limits RPD 

RPD 
Limit Notes 

Batch EK41101 - General Preparation (Prep) 

Blank (EK41101-BLK1) Prepared: 11/10/04 Analyzed: 11/11/04 

% Moisture 0.0 % 

Duplicate (EK41101-DUP1) Source: 4K10004-01 Prepared: 11/10/04 Analyzed: 11/11/04 

% Moisture 7.0 % 7.0 0.00 20 

Batch EK41210 - Water Extraction 

Blank (EK41210-BLK1) Prepared: 11/10/04 Analyzed: 11/11/04 

Chloride ND 20.0 mg/kg Wet 

Matrix Spike (EK41210-MS1) Source: 4K10010-01 Prepared: 11/10/04 Analyzed: 11/11/04 

Chloride 1060 20.0 mg/kg Wet 500 510 110 80-120 

Matrix Spike Dup (EK41210-MSD1) Source: 4K10010-01 Prepared: 11/10/04 Analyzed: 11/11/04 

Chloride 1040 20.0 mg/kg Wet 500 510 106 80-120 1.90 20 

Reference (EK41210-SRM1) Prepared & Analyzed: 11/11/04 

Chloride 5050 10.0 mg/kg Wet 5000 101 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance wilh the samples 
recaived in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmenlal Lab of Texas. 

Page 7 of 8 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471 

122 W. Taylor Project Number: None Given Reported: 
Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: ' ^~ Date: 11/16/2004 

Raland K. Tuttle, Lab Manager Jeanne Mc Muney, Inorg. Tech Director 
Celey D. Keene, Lab Director, Org. Tech Director James L. Hawkins, Chemist/Geologist 
Peggy Allen, QA Officer Sandra Sanchez, Lab Tech. 

This material is intended only for the use ofthe individual (s) or entity to whom it is addressed, and may contain 
information that is privileged and confidential. 

I f you have received this material in error, please notify us immediately at 432-563-1800. 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 

received in the laboratory. This analytical report must be reproduced in its entirety, 

wilh written approval o f Environmental Lab of Texas. Page 8 Of 8 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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Environmental Lab of Texas 
Variance / Corrective Action Report - Sample Log-In 

Client: F\i ce... Qper c^<~^ ( g . 

Date/Time: u - vo - O H (L \ o o o 

Order*: M X- I Q O ! | 

Initials: J M i ^ 

Sample Receipt Checklist 
Temperature of container/cooler? ( Y e p No 2 . ^ C 
Shipping container/cooler in good condition? 62sP No I 
Custody Seals intact on shipping container/cooler? Yes No CNbt present^ 
Custody Seals intact on sample botties? Yes No l^fot present J 
Chain of custody present? (Yes-, No ! ~ 
Sample Instructions complete on Chain of Custody? (tss> No j 
Chain of Custody signed when relinquished and received? om> No j 
Chain of custody agrees with sample labe!(s) No 
Container labels legible and intact? <Ye.^ No 
Sample Matrix and properties same as on chain of custody? No 
Samples in proper container/bottle? " No 
Samples properly preserved? No 
Sample bottles intact? No 
Preservations documented on Chain of Custody? cmi I NO i 
Containers documented on Chain of Custody? No 
Sufficient sample amount for indicated test? ! No 1 
All samples received within sufficient hold time? No 
VOC samples have zero headspace? \4^L Nc Net Applicable 

Other observations: 

Variance Documentation; 
Contact Person: - Date/Time: Contacted by: 
Regarding: 

Corrective Action Taken: 



X 

Price, Wayne 

Sent: 
To: 
Cc: 
Subject: 

From: Price, Wayne 
Monday, December 20, 2004 8:31 AM 
'Carolyn Doran Haynes"; Price, Wayne; Kristin Farris Pope (E-mail) 
Randall Hicks (E-mail) 
RE: Lovington ABO leak site 1R0414 

The case # f o r t h i s s i t e i s 1R0415. NOT 1R0414 

O r i g i n a l Message 
From: Carolyn Doran Haynes [mai l to :cdhr iceswd@leaco.ne t ] 
Sent: Wednesday, December 15, 2004 3:09 PM 
To: ' P r i c e , Wayne' 
Sub jec t : FW: Loving ton ABO leak s i t e 1R0414 

Dear Mr. P r i c e ; 

Please review the case number f o r t h i s s i t e as i t has been r e f e r r e d t o as 
414 and 415 i n various communications. 

Thank you, 

Carolyn Haynes 

O r i g i n a l Message 
From: Carolyn Doran Haynes [mailto:cdhriceswd@leaco.net] 
Sent: Tuesday, December 14, 2004 4:37 PM 
To: 'Price, Wayne' 
Cc: R@rthicksconsult.com; ' K r i s t i n F a r r i s ' 
Subject: FW: Lovington ABO leak s i t e 1R0414 

Dear Mr. Price: 

You requested f u r t h e r i n f o r m a t i o n by today on t h i s work s i t e (as described 
below i n your e m a i l ) . 

The p l o t p l a n and boring l o g w i l l be sent v i a RT Hicks Consultants before 
the end of the week (December 17). The monitor w e l l has been developed and 
was sampled November 24th. The samples were sent t o Environmental Labs of 
Texas and ROC i s awa i t i n g r e s u l t s . Results w i l l be submitted as soon as 
received. 

Thank you, 

Carolyn Haynes 

O r i g i n a l Message 
From: Rice Operating [mailto:riceswd@leaco.net] 
Sent: Tuesday, December 07, 2004 1:26 PM 
To: Haynes, Carolyn Doran 
Subject: Fw: Lovington ABO leak s i t e 1R0414 

O r i g i n a l Message 
From: "Price, Wayne" <WPrice@state.nm.us> 
To: "Carolyn Doran Haynes (E-mail)" <riceswd@leaco.net>; " K r i s t i n F a r r i s 
Pope (E-mail)" <enviro@leaco.net> 
Cc: "Pat Wise (E-mail)" <pwise@lovington-nm.org>; " P a t r i c k B. McMahon 
(E-mail)" <hsncpbm@leaco.net> 
Sent: Tuesday, December 07, 2004 10:13 AM 
Subject: Lovington ABO leak s i t e 1R0414 

1 



# 

> Please provide a p l o t plan showing the location of the new monitor w e l l , 
> please send boring log and a l l a n a l y t i c a l results by December 14, 2004. 
> 
> Sincerely: 
> 
> Wayne Price 
> New Mexico O i l Conservation Division 
> 1220 S. Saint Francis Drive 
> Santa Fe, NM 87505 
> 505-476-3487 
> fax: 505-476-3462 
> E-mail: WPRICE@state.nm.us 
> 
> 
> Con f i d e n t i a l i t y Notice: This e-mail,including a l l attachments i s f o r the 
> sole use of the intended recipient(s) and may contain confidential and 
> privileged information. Any unauthorized review,use,disclosure or 
> d i s t r i b u t i o n i s prohibited unless s p e c i f i c a l l y provided under the New 
> Mexico Inspection of Public Records Act. I f you are not the intended 
> recipient, please contact the sender and destroy a l l copies of t h i s 
> message. -- This email has been scanned by the MessageLabs Email Security 

> System. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please v i s i t http://www.messagelabs.com/email 
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Price, Wayne 

From: Carolyn Doran Haynes [cdhriceswd@leaco.net] 
Sent: Tuesday, December 14, 2004 3:37 PM 
To: 'Price, Wayne' 
Cc: R@rthicksconsult.com; 'Kristin Farris' 
Subject: FW: Lovington ABO leak site 1R0414 

Dear Mr. Price: 

You requested f u r t h e r i n f o r m a t i o n by today on t h i s work s i t e (as described 
below i n your e m a i l ) . 

The p l o t p l a n and bor i n g l o g w i l l be sent v i a RT Hicks Consultants before 
the end of the week (December 17). The monitor w e l l has been developed and 
was sampled November 24th. The samples were sent t o Environmental Labs of 
Texas and ROC i s a w a i t i n g r e s u l t s . Results w i l l be submitted as soon as 
received. 

Thank you, 

Carolyn Haynes 

O r i g i n a l Message 
From: Rice Operating [mailto:riceswd@leaco.net] 
Sent: Tuesday, December 07, 2004 1:26 PM 
To: Haynes, Carolyn Doran 
Subject: Fw: Lovington ABO leak s i t e 1R0414 

O r i g i n a l Message 
From: "Price, Wayne" <WPrice@state.nm.us> 
To: "Carolyn Doran Haynes (E-mail)" <riceswd@leaco.net>; " K r i s t i n F a r r i s 
Pope (E-mail)" <enviro@leaco.net> 
Cc: "Pat Wise (E-mail)" <pwise@lovington-nm.org>; " P a t r i c k B. McMahon 
(E-mail)" <hsncpbm@leaco.net> 
Sent: Tuesday, December 07, 2004 10:13 AM 
Subject: Lovington ABO leak s i t e 1R0414 

> Please provide a p l o t plan showing the l o c a t i o n of the new monitor w e l l , 
> please send b o r i n g l o g and a l l a n a l y t i c a l r e s u l t s by December 14, 2004. 
> 
> Si n c e r e l y : 
> 
> Wayne Price 
> New Mexico O i l Conservation D i v i s i o n 
> 1220 S. Saint Francis Drive 
> Santa Fe, NM 87505 
> 505-476-3487 
> fax: 505-476-3462 
> E-mail: WPRICE@state.nm.us 
> 
> 
> C o n f i d e n t i a l i t y Notice: This e - m a i l , i n c l u d i n g a l l attachments i s f o r the 
> sole use of the intended r e c i p i e n t ( s ) and may cont a i n c o n f i d e n t i a l and 
> p r i v i l e g e d i n f o r m a t i o n . Any unauthorized review,use,disclosure or 
> d i s t r i b u t i o n i s p r o h i b i t e d unless s p e c i f i c a l l y provided under the New 
> Mexico I n s p e c t i o n of Public Records Act. I f you are not the intended 
> r e c i p i e n t , please contact the sender and destroy a l l copies of t h i s 
> message. -- This email has been scanned by the MessageLabs Email S e c u r i t y 

> System. 

1 
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Pr ice , Wayne 

From: Price, Wayne 
Sent: Tuesday, December 07,2004 10:18 AM 
To: Price, Wayne 
Subject: RE: Lovington ABO leak site 1R0414 

Sorry this project is 1R0415 not 414 

-Original Message-
From: Price, Wayne 
Sent: Tuesday, December 07, 2004 10:14 AM 
To: Carolyn Doran Haynes (E-mail); Kristin Farris Pope (E-mail) 
Cc: Pat Wise (E-mail); Patrick B. McMahon (E-mail) 
Subject: Lovington ABO leak site 1R0414 

Please provide a plot plan showing the location of the new monitor well, please send boring log and all analytical 
results by December 14, 2004. 

Sincerely: 

Wayne Price 
New Mexico Oil Conservation Division 
1220 S. Saint Francis Drive 
Santa Fe,NM 87505 
505-476-3487 
fax: 505-476-3462 
E-mail: WPRICE@state.nm.us 

l 



• 
Price, Wayne 

Sent: 
To: 
Cc: 

From: 

Subject: 

Price, Wayne 
Tuesday, December 07, 2004 10:14 AM 
Carolyn Doran Haynes (E-mail); Kristin Farris Pope (E-mail) 
Pat Wise (E-mail); Patrick B. McMahon (E-mail) 
Lovington ABO leak site 1R0414 

Please provide a plot plan showing the location of the new monitor well, please send boring log and all analytical results by 
December 14, 2004. 

Sincerely: 

Wayne Price 
New Mexico Oil Conservation Division 
1220 S. Saint Francis Drive 
Santa Fe, NM 87505 
505-476-3487 
fax: 505-476-3462 
E-mail: WPRICE@state.nm.us 

l 



Price, Wayne 

From: Randall Hicks [R@rthicksconsult.com] 

Sent: Thursday, November 04, 2004 1:02 PM 

To: 'Pat Wise (E-mail)' 

Cc: 'Kristin Farris Pope'; david@rthicksconsult.com; 'Sheeley, Paul'; 'Johnson, Larry'; 'Price, Wayne'; 
'Patrick B. McMahon (E-mail)' 

Subject: RE: Lovington Abo 

Mr. Wise 

About 5 minutes ago, I was informed that we should have obtained a permit for tomorrow's 
monitor well installation activity at the Abo-IG site (see attached map). I immediately called 
your office and spoke with Charles who told me the purpose of the permit process is to make 
sure the City remains informed about what is going on near your wells. 

May I assume that our notification sent to you on 11/1/04 and copies of previous 
correspondence with the NMOCD will serve as a permit application for this first time? And I 
promise that for any future activity of R.T. Hicks Consultants on City property we will fill out 
the appropriate permits. 

Thanks for understanding about this lapse on my part. If you have any questions regarding 
our work at this site, please contact me. 

Randy Hicks 
505-266-5004 

—Original Message— 
From: Price, Wayne [mailto:WPrice@state.nm.us] 
Sent: Thursday, November 04, 2004 11:42 AM 
To: 'Randall Hicks'; Price, Wayne; Pat Wise (E-mail); Patrick B. McMahon (E-mail) 
Cc: Kristin Farris Pope; david@rthicksconsult.com; Sheeley, Paul; Johnson, Larry 
Subject: RE: Lovington Abo 

OCD approves of the installation of the monitor well and sampling of the soil and water. OCD 
will require that the sample of the soil in the boring be conducted every 5 feet to 
groundwater. 

At this time OCD does not approve of the remediation work. OCD will evaluate the monitor 
well results and soil boring results before we approve the remediation plan. We will also wait 
on comments from the City of Lovington. 

—Original Message— 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Thursday, October 28, 2004 9:05 AM 
To: 'Price, Wayne' 
Cc: Kristin Farris Pope; david@rthicksconsult.com 

Page 1 of2 

11/5/2004 
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Subject: Lovington Abo 
Wayne 

Here is our plan for drilling at the Lovington Abo spill 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain 
information belonging to the sender, which may be confidential, legally privileged, and exempt from 
disclosure under applicable law. The information is intended only for the use ofthe individual or 
entity to which it is addressed, as indicated above. I f you are not the intended recipient, any 
disclosure, copying, distribution, or action taken in reliance on the information contained in this 
electronic communication is strictly prohibited. I f you have received this transmission in error, please 
notify us immediately by telephone and return the original message to us at the address listed above. 
Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 

Confidentiality Notice: This e-mail/including all attachments is for the sole use of the intended 
recipient(s) and may contain confidential and privileged information. Any unauthorized 
review,use,disclosure or distribution is prohibited unless specifically provided under the New 
Mexico Inspection of Public Records Act. If you are not the intended recipient, please contact 
the sender and destroy all copies of this message. ~ This email has been scanned by the 
MessageLabs Email Security System. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

From: Price, Wayne 

Sent: Thursday, November 04, 2004 11:42 AM 

To: 'Randall Hicks'; Price, Wayne; Pat Wise (E-mail); Patrick B. McMahon (E-mail) 

Cc: Kristin Farris Pope; david@rthicksconsult.com; Sheeley, Paul; Johnson, Larry 

Subject: RE: Lovington Abo 

OCD approves of the installation of the monitor well and sampling of the soil and water. OCD will require that the 
sample of the soil in the boring be conducted every 5 feet to groundwater. 

At this time OCD does not approve of the remediation work. OCD will evaluate the monitor well results and soil 
boring results before we approve the remediation plan. We will also wait on comments from the City of Lovington. 

Original Message 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Thursday, October 28, 2004 9:05 AM 
To: 'Price, Wayne' 
Cc: Kristin Farris Pope; david@rthicksconsult.com 
Subject: Lovington Abo 

Wayne 

Here is our plan for drilling at the Lovington Abo spill 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Page 1 of 1 

Confidentiality Notice: This electronic communication and any accompanying documents contain information 
belonging to the sender, which may be confidential, legally privileged, and exempt from disclosure under 
applicable law. The information is intended only for the use ofthe individual or entity to which it is addressed, 
as indicated above. If you are not the intended recipient, any disclosure, copying, distribution, or action taken 
in reliance on the information contained in this electronic communication is strictly prohibited. I f you have 
received this transmission in error, please notify us immediately by telephone and return the original message 
to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

To: 

From: 

Sent: 

Cc: 

Randall Hicks [R@rthicksconsult.com] 

Thursday, October 28, 2004 9:05 AM 

'Price, Wayne' 

Kristin Farris Pope; david@rthicksconsult.com 

Subject: Lovington Abo 

Wayne 

Here is our plan for drilling at the Lovington Abo spill 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to 
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information 
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. I f you have received this transmission in error, please notify us immediately by 
telephone and return the original message to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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R. T. H I C K S C O N S U L T A N T S , L T D , 
901 Rio Grande Blvd NW A Suite F-142 • Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745 

October 28, 2004 

Mr. Wayne Price 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 

RE: Abo IG Leak Site: 
Section 1,17S 36E Unit G 
Response to NMOCD email and Notification of Field Activities 

Dear Wayne: 

Comment: Should this be me instead of 
Andrew? 

We intend to perform the following actions to respond to your recent comments on 
the Corrective Action Plan. 

1. We will construct a 2-inch monitoring well with 5 feet of screen above the 
observed water table and 15 feet of screen within the water table. 
Because the water levels in the Ogallala Aquifer are generally declining, 
we are placing more screen in the saturated zone than typically requested 
by NMOCD. We will locate this well adjacent to SB-1 (see Plate 1 of our 
August 31, 2004 letter, attached) 

2. During the air-rotary boring of this well, we will collect 2.5-foot split spoon 
samples at five-foot intervals from 5 feet bgs to 50 feet bgs. From 50 feet 
bgs to the water table (about 77 feet). 

3. We will examine the split spoon samples and cuttings and create a 
lithologic profile of the vadose zone. 

4. ROC staff will evaluate the split spoon samples in the field for chloride 
concentration using the silver nitrate titration method. 

5. We will submit two sample splits to a laboratory for analysis of chloride in 
soil as quality assurance for the field sampling protocol. 

6. At least two weeks after completion of the well, ROC will collect a water 
sample for analysis of chloride and TDS. 

7. After completion of the boring/well, ROC will remove the high-chloride, 
thin soil zone remaining on the caliche sub-strata. ROC will specifically 
instruct the contractor to avoid removal of the caliche substrata and soil 

Rice Operating Company (ROC) intends to move forward with the construction of a 
ground water monitoring well as we discussed at our meeting last week. Please 
accept this letter as our notification of field activities, which we will commence on 
November 4 or 5. You or individuals in the Hobbs District Office may contact Dave 
Hamilton on his cell phone (505-977-4671) on Wednesday November 3 to determine 
the start date for this monitoring well. 



October 28,2004 ^ ^ 
Page 2 

that shows evidence of re-vegetation. ROC will then import top soil, 
grade the site to avoid ponding after precipitation events, and seed the 
area. 

8. We will submit a letter report with the results of the vadose zone 
sampling, the initial water sampling results, documentation of the soil 
importation/exportation program, and a short discussion that compares 
the vadose zone chloride results to the previous results from SB-1. 

If we find that this proposed vadose zone sampling shows that the migration of 
chloride is similar to that predicted by the HYDRUS-1D model presented in our June 
7, 2004 report, we will conclude that this previously-submitted simulation and 
prediction is field-verified. We will then recommend closure of the regulatory file for 
this spill site. We remind NMOCD that the input parameters employed in our June 
7, 2004 report were highly conservative. For example, the model in our report does 
not consider re-vegetation of the site. Establishing a vegetative cap over the site will 
greatly reduce infiltration and the resultant chloride flux to ground water will be 
much less than the input value used in our prediction. 

Regardless of our conclusion regarding the accuracy of the previously-submitted 
HYDRUS-1D simulation, ROC will monitor chloride concentration in ground water at 
the site on a quarterly basis for two years. If chloride concentrations remain 
consistent with background values, we will plug and abandon this well. If chloride 
concentrations in ground water are greater than 250 mg/L during the proposed 2-
year monitoring program, ROC will discuss the need for additional action with the 
NMOCD. 

We trust this field program will meet with your approval and that any comments by 
the City of Lovington will be forthcoming prior to the proposed field activities. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

Randall Hicks 
Principal 

Copy: Kristin Farris Pope 
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Price, Wayne 

From: Price, Wayne 

Sent: Thursday, November 04, 2004 11:45 AM 

To: Pat Wise (E-mail); Patrick B. McMahon (E-mail); Eddie Seay (E-mail) 

Subject: FW: Lovington Abo 

—Original Message— 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Thursday, October 28, 2004 9:05 AM 
To: 'Price, Wayne' 
Cc: Kristin Farris Pope; david@rthicksconsult.com 
Subject: Lovington Abo 

Wayne 

Here is our plan for drilling at the Lovington Abo spill 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to 
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information 
is intended only for the use of the individual or entity to which it is addressed, as indicated above. I f you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by 
telephone and return the original message to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

To: 

Sent: 

From: Price, Wayne 

Friday, October 01, 2004 1:44 PM 

Patrick B. McMahon (E-mail) 

Subject: FW: Rice ABO IG release site 

Original Message 
From: Price, Wayne 
Sent: Friday, October 01, 2004 1:35 PM 
To: Pat Wise (E-mail) 
Cc: Carolyn Doran Haynes (E-mail) 
Subject: FW: Rice ABO IG release site 

E-mail was accidentally sent to wrong E-mail should have gone to Mr. Pat Wise not Pat McCasland 

Original Message 
From: Price, Wayne 
Sent: Friday, October 01, 2004 11:42 AM 
To: Carolyn Doran Haynes (E-mail); Randall Hicks (E-mail); Pat McCasland (E-mail) 
Cc: Johnson, Larry; Sheeley, Paul; Olson, William 
Subject: FW: Rice ABO IG release site 

Dear Ms Haynes, Mr. Randy Hicks, and Mr. Pat Wise: 

OCD is in receipt of the revised work plan (attached below) Dated August 31, 2004. The revised plan contains 
actions that will remove as much of the sterile topsoii as possible, import sufficient topsoii, re-vegetate, add water 
if necessary and monitor. 

OCD supports source removal particular in this case because of the proximity to the City of Lovington fresh water 
well field. By removing the bulk of the contaminated soil, which still lies near the surface, OCD feels the future 
impairment of groundwater will be minimal if any. To make sure OCD is protecting the water supply of the City of 
Lovington we will also require a monitor well to be located in the spill area. If this method fails to protect fresh 
water then OCD would require additional actions. 

I am asking for comments and concurrence so we may proceed ASAP. 

Original Message 
From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Friday, October 01, 2004 10:25 AM 
To: 'Price, Wayne' 
Cc: 'Carolyn Doran Haynes' 
Subject: 

Indeed, this was to be delivered to you on the 3 0 , when we finished it. I fear that if you do 
not have a record of it in your email, it slipped through the cracks in my office. I will see if we 
have a record of it being sent from another machine. 

Wayne 

10/1/2004 
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Page 2 of2 

I apologise. 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to 
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information 
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by 
telephone and return the original message to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 
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Price, Wayne 

To: 

Sent: 

From: Carolyn Doran Haynes [cdhriceswd@leaco.net] 

Friday, October 01, 2004 7:58 AM 

'Price, Wayne' 

Subject: FW: 

Wayne, 

I trusted Randy Hicks to submit this as he stated in this email. Kristin and I considered it submitted. I forwarded 
your message this morning to Randy and I'm sure he'll get back with you. In fact, we discussed in our team 
meeting last week whether to call you and see where the revision approval stood. A copy was supposed to go to 
Pat Wise also, same time it was submitted to you. 

I'll get back with you. 

Carolyn 

From: Randall Hicks [mailto:R@rthicksconsult.com] 
Sent: Tuesday, August 31, 2004 4:26 PM 
To: 'Carolyn Doran Haynes'; 'Kristin Farris' 
Subject: 

This is the final - out today at 4:45 pm unless I hear different 

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to 
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information 
is intended only for the use of the individual or entity to which it is addressed, as indicated above. I f you are not the intended 
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic 
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by 
telephone and return the original message to us at the address listed above. Thank you. 

This email has been scanned by the MessageLabs Email Security System. 
For more infonnation please visit http://www.messagelabs.com/email 

Randy Hicks 
505-266-5004 - office 
505-238-9515 - cell 

10/1/2004 



R. T. H I C K S C O N S U L T A N T S , L T D . 
901 Rio Grande Blvd NW A Suite F-142 A Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745 

August 31, 2004 

Mr. Wayne Price 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 

RE: Abo IG Leak Site: Section 1,17S 36E Unit G 

Dear Wayne: 

Due to the close proximity of the City of Lovington water supply wells to this release, we 
prepared the Corrective Action Plan of June 7,2004 using highly "conservative" input values 
for the HYDRUS-1D model simulation. Specifically, we employed: 

• the highest observed chloride values observed in boreholes 
• a 10-foot aquifer thickness rather than the full thickness penetrated by the 

nearby supply wells, 
• the absence of a vegetative cover that would reduce infiltration. 

The predicted chloride concentration in an imaginary ground water monitoring well located 
immediately down gradient from the release site was less than 250 mg/L. We also 
predicted the potential impact to the closest Lovington water supply wells if the simulated 
chloride flux from this release actually intercepted ground water. Our predictions suggest 
the impact to the City of Lovington wells is smaller than the measurement error of most 
laboratory instruments. 

We expected these results. Our modeling study for the American Petroleum Institute 
examined over 2000 brine release scenarios, many of which were similar to the Abo IG 
release. We found that in an arid climate, such as Lovington, these types of releases rarely 
impair ground water quality. We also knew that many "dig and haul" responses to 
produced water releases actually cause more environmental damage than they cure. 
Therefore, we counseled Rice Operating Company (ROC) to examine the science first and 
then implement a remedy. This remains good advice for brine releases. 

August 2004 Field Event 
On August 16, 2004, ROC staff obtained shallow soil samples from the release site. Plate 1 
shows the location of these samples and the Meld chloride values. ROC designed this field 
program to identify areas of residual chloride in shallow soil. 

We can see from Figure 1 that recent rainfall has driven some of the chloride mass below 
the root zone, permitting vegetation. As our work with API and the site-specific modeling 
demonstrates, the relatively small mass of chloride below the root zone represents no threat 
to fresh water, human health or the environment. This evidence bf natural restoration is 
good news. Vegetation over this spill site will reduce infiltration of precipitation and reduce 
the chloride flux to ground water. 



Figure I: November 2004 
photograph of site 

August 31, 2004 
Page 2 

Remedy Amendment 

Rice Operating Company and Hicks Consultants were surprised and pleased by the rapid 
natural restoration of the ground 
surface at this site. However, 
despite the recent rains, some areas 
remain barren due to high chloride In 
soil (See also Plate 1). ROC 
proposes to accelerate the surface 
restoration process and establish a 
vegetative cap over the release. As 
stated above, a vegetative cove will 
significantly reduce the infiltration of 
precipitation and thereby reduce the 
flux of chloride to ground water, 
creating a "belt and suspenders* 
response actton. 

ROC proposes the following actions: 

1. Remove as much of sterile topsoii from the site as possible without tearing the 
underlying caliche. 

2. Remove any weeds with seed and till the areas now supporting growth. 
3. Import sufficient topsoii to cover the spill site and raise the elevation of the site 

to prevent any ponding of stormwater. 
4. Seed the site with an appropriate mix. 
5. Monitor the progress of vegetation growth at the site on a monthly basis and add 

fresh water to assist the growth if necessary. 
6. Provide NMOCD with a brief letter report upon completion of this proposed 

actton. 
7. Provide NMOCD with photographic evidence of re-vegetation in 12 months. 

We look forward to NMOCD approval of thts supplement to our Corrective Actton Plan. 
Please contact Krisdn Pope or me If you have any questions regarding this proposed actton. 

Sincerery, 
R.T. Hicks Consultants, Ltd. 

Randall Hicks 
Principal 

Copy: Kristin Pope, Rice Operating Company 
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R T HK*S Consultant* 
901 Rio Grande NW 
Albuquerque. NM 

Rice Ope ra t i ng C o m p a n y Plate 1 

Abo Release Site Sketch Map Aug-04 



Price, Wayne 

From: 
Sent: 
To: 
Subject: 

Price, Wayne 
Thursday, September 30, 2004 4:41 PM 
Carolyn Doran Haynes (E-mail) 
ABO 1G Release Site OCD case# 1R0415 

Carolyn, I received a call from the City of Lovington concerning the status of this site. My last correspondence show that 
Rice was suppose to submit a plan by Aug 31 where do we stand on this issue? 

Sincerely: 

Wayne Price 
New Mexico Oil Conservation Division 
1220 S. Saint Francis Drive 
Santa Fe, NM 87505 
505-476-3487 
fax: 505-476-3462 
E-mail: WPRICE@state.nm.us 

l 
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PATRICK B. McMAHON TELEPHONE (505) 396-5303 A J l 3 i 

FAX (505) 396-5305 

August 13, 2004 

OIL CC^Ts'-iiiVA'; 

New Mexico Oil Conservation Division 
Wayne Price 
P. O. Box 6429 
Santa Fe,NM 87504-6429 

Re: Rice/Abo I G Release Site Corrective Action Plan 

Dear Mr. Price: 

I have reviewed a copy of your August 6, 2004 e-mail to Ms. Carolyn Haynes regarding the 
above referenced matter. It is my understanding that you have rejected this Plan and requested Ms. 
Haynes to re-submit. I f I am mistaken, please contact me immediately. 

The City of Lovington, through its environmental consultant, has reviewed the Plan rejected 
by you. Despite your rejection, the City would like to make you aware of some of its concerns 
regarding the Plan. Some of those concerns are as follows: 

1. The background soil sample taken by Rice appears to have been taken at a location 
that has previously been impacted by oilfield contamination. The City's consultant 
obtained an accurate background soil sample in close proximity to the spill site. 
Background chloride levels for soils in the area is 64 ppm. I have attached a copy of 
the analytical result for that background sample. 

2. The release occurred in October 2003. As ofNovember 2003, chlorides had migrated 
to at least 45ft. below ground surface. Considering the delay between the sampling 
event and the submission ofthe Plan, the City is concerned about continued migration 
and the use of stale data. Under the Guidelines, in order to properly evaluate a site 
an operator is required to determine "depth to groundwater". Rice is required to 
conduct proper soil borings to a depth that identifies the full extent of chloride 
contamination and to properly rank this site. 



3. The City requests that Rice be required to timely notify the City of any and all 
sampling events to be conducted at this site in the future. 

4. Given the close proximity to groundwater and the fact that the groundwater is used 
for a public water supply, the City objects to any contaminants being left on site. 

In addition, the City requests an opportunity to review and comment upon any Plan 
resubmitted on behalf of Rice before the OCD makes a decision to accept or reject that Plan. 

Thank you for your consideration, if you should have any questions, please do not hesitate 
to call. 

Sincerely, 

Patrick B. McMahon 

IERSON, N E W E L L , C O X & MCMAHON 

PBM.dg 
cc: Pat Wise 

Eddie Seay 



ARDINAL 
LABORATORIES 

PHONE (325) 673-7001 • 2111 BEECHWOQD • ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS, NM 88240 

ANALYTICAL RESULTS FOR 
EDDIE SEAY CONSULTING 
ATTN: EDDIE SEAY 
601 W. ILLINOIS 
HOBBS, NM 88242 
FAX TO: (505)392-6949 

Receiving Date: 08/06/04 
Reporting Date: 08/09/04 
Project Owner: CITY OF LOVINGTON 
Project Name: ROC-RICE OP. CO. SPILL ABO 
Project Location: S. LOVINGTON, NM 

AnalysisDate: 08/09/04 
Sampling Date: 08/06/04 
SampleType: SOIL 
Sample Condition: COOL & INTACT 
Sample Received By: GP 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 
Cl 

(mg/Kg) 

H8984-1 L-ROC-1 64 

Quality Control 1040 
True Value QC 1000 
% Recovery 104 
Relative Percent Difference 4.0 

METHOD: Standard Methods 4500-CrB 
Note: Analysis performed on a 1:4 w:v aqueous extract. 

PLEASE NOTE: Liability and Damages. Cardinal's liability and client's exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client lor analyses 
All c lamSf l^uding those for negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after complelion of the applicable 
servicer •IWle'event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use, or loss of profits incurred by client its subsidiaries 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise 
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Price, Wayne 

To: 

Sent: 

From: Price, Wayne 

Thursday, August 12, 2004 10:28 AM 

'Carolyn Doran Haynes' 

Subject: RE: ABO 1G Release Site OCD Case #1R0415 

Approved! 

—Original Message— 
From: Carolyn Doran Haynes [mailto:cdhriceswd@leaco.net] 
Sent: Thursday, August 12, 2004 10:25 AM 
To: 'Price, Wayne' 
Cc: 'Randall Hicks'; enviro@leaco.net 
Subject: ABO IG Release Site OCD Case #1R0415 

Dear Mr. Price: 

Rice Operating Company (ROC) is in receipt of your request to submit a new work plan for the 
above referenced site. ROC respectfully pleads for an extension of the August 13 deadline to 
August 31, in order to adequately develop a work plan that addresses the OCD concerns. ROC has 
discussed this timeline issue with RT Hicks Consultants and they concur that a revised plan can be 
submitted before August 31. 

ROC appreciates any consideration the OCD will afford to extend this deadline. 

Thank you, 

Engineering Manager 
RICE Cpexating. Company. 
PH: 505-393-9174 
FX: 505-397-1471 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://wvvw.messagelabs.com/email 

9/30/2004 



Price, Wayne 

Sent: 
To: 
Cc: 
Subject: 

From: Price, Wayne 
Friday, August 06, 2004 3:47 PM 
Carolyn Doran Haynes (E-mail) 
Pat Wise (E-mail); Randall Hicks (E-mail); Sheeley, Paul; Johnson, Larry 
Rice Operating Co.-Abo 1G Release site OCD Case # 1R0415 

Dear Ms. Haynes: 

OCD is in receipt of the corrective action plan dated June 07, 2004 submitted by RT Hicks. Please note due to the close 
proximity to the City of Lovington's fresh water well field OCD feels compelled to deny the plan as submitted. Please re­
submit with a plan to remove the salt contaminated soil within some practical limit. Please submit by August 13, 2004. 
The longer "no action" is performed the deeper the salt will migrate into the vadose zone and a higher potential of 
groundwater contamination exists. We will not accept a model that allows groundwater contamination and dilution in this 
area. The model may be used after excavation to demonstrate no further threat exist. 

Sincerely: 

Wayne Price 
New Mexico Oil Conservation Division 
1220 S. Saint Francis Drive 
Santa Fe,NM 87505 
505-476-3487 
fax: 505-476-3462 
E-mail: WPPJCE@state.nm.us 

l 
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Price, Wayne 

To: 

Sent: 

From: Katie Lee [katie@rthicksconsult.com] 

Friday, July 30, 2004 11:10 AM 

Wayne Price 

Subject: requested docs 

Wayne, 

Here is the Lovington Abo G-1 CAP report you requested. I'm hitting a little snag with finding the Vaccuum G-5 
report, in that I think we might have it saved under another name. I will try and catch up with Randy after he gets 
done talking with you and get things straightened out and send along the report you need. 

Best regards, 

Katie 
R.T. Hicks Consultants, Ltd. 

This email has been scanned by the MessageLabs Email Security System. 
For more information please visit http://www.messagelabs.com/email 

8/6/2004 
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R.T. HICKS CONSULTANTS, LTD. 

1.0 BACKGROUND 
The Abo IG Discharge Site is located about 6 miles southeast of the 
center of Lovington, New Mexico. Plate 1 shows the location of the site 
relative to Route 18, the Hobbs-Lovington Highway. 

On October 18, 2003, Rice Operating Company (ROC) prepared a 
Release Notification report that estimated 
the pipeline failure released 190 barrels of 
produced water and recovered 130 barrels. 
The pipeline failure released produced ^ 
water with little or no hydrocarbons. Plate 
2 shows the geometry of this release, which 
affected about 31,000 square feet of range-
land. Plate 2 also shows the locations of soil 
borings used to characterize the release. 
ROC is also aware that a 10 barrel release 
near this same location on occurred on June 
3, 2003 and this earlier release impacted a 
2,400 square foot area near SB-1. 

* * * * * * 

Figure 1 is a photograph of the site in 
October, 2003 looking south from a caliche 
road. The line in the foreground ruptured 
and produced water flowed south. 

ROC mobilized to the site on November 10, 2003 and drilled three 
borings as shown on Plate 2. The field procedures employed by ROC 
were consistent with industry practice and with previously-submitted 
ROC characterization plans (e.g. junction box plan). Hicks Consultants 
used the data collected by ROC and obtained additional data from 
public sources as input to the HYDRUS-1D vadose zone fate and trans­
port model. Hicks Consultants employed the results of the modeling to 
predict the potential impact to ground water quality as a result of the 
release and to develop a remedy to protect ground water quality and to 
restore the ground surface. 

Figure 1. Abo IG site 
looking south. 
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R.T. HICKS CONSULTANTS, LTD. 

2.0 RESULTS OF FIELD 
PROGRAMSAND 
INVESTIGATIONS 

CHARACTERISTICS OF VADOSE ZONE AND SATURATED ZONE 
Next to the pipeline rupture, SB - 01 was drilled to a depth of 45 
feet. From field inspection, the site has several inches of sandy soil 
covering a high-fractured caliche horizon. We examined bore­
hole samples and the on-site cuttings log from SB-01 and con­
cluded that the subsurface is composed of 24 feet of thin caliche 
layers within sands and silts. Interbedded with these caliche-rich 
sands and silts are silty clays. Below this uppermost 24 feet is 20 
feet of sand and silt. The logs for each of these three ROC borings 
are included in Appendix A. 

In well L-1716 , about 1 mile west of the release site, the driller's 
log reports "water sand" from 45 feet to 70 feet underlain by 7 
feet of "calcium sand" before penetrating water bearing units. At 
well L-5014, approximately 5 miles north of the site, the driller log 
identifies caliche from 2 to 28 feet below surface. Below this 
upper strata is sand and sandy clay to a depth of 190 feet. From 
190 to 205 feet below surface, the driller reports a clay zone. This 
15 feet of clay is underlain by 10 feet of clay and gravel. The 
driller penetrated the Dockum Group red beds at 215 feet below 
grade. Monitoring wells in the Lea Refinery, one mile to the 
northeast, driller's logs report a 4 foot caliche bed overlying more 
than 100 feet of very fine to fine grained sands. At the Lea Refin­
ery, April, 1996 water levels are 90 feet below grade (H+GCL, 
1996). These well logs are also included in Appendix A. 

We conclude that the vadose zone is about 90 feet thick and is 
composed of a caliche-rich upper horizon underlain by sand with 
minor amounts of silt. The saturated Ogallala Aquifer, which 
underlies the location, is dominantly sand. The saturated thick­
ness of the aquifer is about 130 feet. The screened interval of 
wells in the area range from 20 feet to more than 100 feet. 

According to the USGS (http://water.usgs.gov/GIS/metadata/ 
usgswrd/ofr98-548.html#Identification Information), the hy­
draulic conductivity of the High Plains Aquifer ranges from less 

CII8IEIHIACTION M l - IHIS RELEASE Sill 
June7.200<9 

Pap 2 



R.T. HICKS CONSULTANTS, LTD. 

than 25 feet/day to greater than 300 feet per day with an average 
hydraulic conductivity of 60 feet/day. At this location, where 
saturated gravel units are restricted to the base of the Ogallala, 
we estimate the hydraulic conductivity is about 50 feet per day. 
Geologists who drilled monitoring wells at 
the Lea Refinery estimated the saturated 
hydraulic conductivity as ranging from 25-
75 feet per day. At the Lea Refinery, the 
hydraulic gradient is 0.004 feet/foot to the 
southeast. The resultant ground water flux 
is probably about 0.2 feet per day. 

We have no site specific or regional data on 
the moisture content of the vadose zone. 
Such data are generally rare. As described 
in a later section of this report, we used 
HYDRUS-1D to simulate an initial water 
content of the unsaturated zone. 

_5fJ0_ 

CHLORIDE DISTRIBUTION IN THE 
VADOSE ZONE 
Soil boring SB-2 is uphill from the spill site and we-eonsider-this a "back 
ground" location. At this soil boring, the 
chloride near the ground surface is 475 
ppm. From 4 feet below grade to the total 
depth of 15 feet, chloride in this caliche-
rich horizon ranges between 230 and 356 
ppm (Figure 2). Other workers suggest 
that "background" chloride concentration 
in Lea County soil can be less than 100 
ppm. At this site, where the caliche domi­
nates the upper vadose zone, the back­
ground is about 300 ppm. 

Figure 2. Chloride vs. depth in 
soil boring 2. 

SB-2: Chloride Concentration v. Depth 
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The soil borings within the area of the 
release (#1 and #3) show a decline in 
chloride concentrations from more than 
1000 ppm chloride to background levels at 
45 feet and 9 feet below land surface respectively (Figure 3). Because 
the water table lies about 90 feet below land surface, this observed 
decrease of chloride concentrations to background suggests that the 
release did not create saturated conditions between ground surface and 
ground water. 

10 20 30 
Feet below Grade 

40 

Figure 3. Chloride vs. Depth 
in soil borings 1 and 3. 
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R X HICKS CONSULTANTS, LTD. 

The pattern for SB-1 shown in Figure 3, which was closest to the pipeline 
rupture, confirms that the October 2003 release is not the first release at 
or near this site. An earlier release appears as chloride concentrations 
above 1000 ppm between 12 and 20 feet below grade and the October 
release appears as the high chloride between 3 and 6 feet depth. We do 
not believe that the chloride concentrations between 12 and 20 feet in 
SB-1 were caused by the 10-barrel release of June 2003. 

The data from SB-3 suggests the influence of only the October 2003 
release. Data from SB-1 and SB-3 demonstrate that the center of mass 
from the recent release is at a depth of 4-5 feet below land surface. 

Regardless of the source of chloride observed at 12-20 feet below grade in 
SB-1, we can conclude that these soil boring data show no evidence of 
imminent ground water impairment. The chloride from the releases 
remains within the vadose zone. Using these data, and the chloride 
concentration in the produced water, we can estimate the volume of 
produced water released at this site. 

RELEASE CHARACTERISTICS 

ROC provided an analysis of the chloride in the produced water - 19,994 
ppm. Because the soil sampling program identified an older spill event at 
SB-1, we considered the calculated chloride load at SB-3 more represen­
tative of the October release. Calculations using the chloride load at SB-3 
imply that the spill was 1 in. deep (see Appendix B for these calcula­
tions). If 1-inch was the average spill height for the 31,000 square feet of 
impact (see Plate 2), the total volume of the release would be 440 barrels. 
However, ROC located SB-3 where the released "pooled", therefore 
using the chloride load from this boring will probably overestimate the 
release volume. We suggest that the October event released between 200 
and 500 barrels of produced water and 130 barrels were recovered. 

Ground water at the Lea Refinery flows toward the southeast. We 
estimate that the length of the spill parallel to ground water flow is 477 
feet. 

EVALUATION OF CHLORIDE FLUX FROM THE VADOSE ZONE 
TO GROUND WATER 

We employed the HYDRUS-1D and a simple ground water mixing 
model to evaluate the potential of residual chloride mass in the vadose 
zone to materially impair ground water quality at the site. Appendix C 
presents the background documentation for this modeling approach. 
We applied the results from the HYDRUS-1D modeling of the migration 
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R.T. HICKS CONSULTANTS, LTD. 

of chloride ions from the vadose zone to ground water in our selection of 
an appropriate remedy for the land surface and underlying vadose zone. 
This simulation is the "no action" alternative, which predicts chloride 
flux to ground water in the absence of any action by Rice Operating 
Company. 

DATA FOR SIMULATION MODELING 

The HYDRUS-1D and mixing model simulation requires input of 
11 parameters. As Table 1 shows, site specific data are required 
for several of these parameters and other data are available from 
public sources. The source of most of the data is described in the 
previous section of this report. Table 1. Input Parameters 

for 
Simula­
tion 
Modeling 

The vadose zone profile used for the HYDRUS 
composed from the well log and samples of SB 9" Background Chloride in Ground Water • 
from the logs of wells in the area. For the purp PPm 

Input Parameter 
1. Vadose Zone Thickness - 77 feet 
2. Vadose Zone Texture - Plate 3 
3. Dispersion Length -1.85 meters 
4. Soil Moisture 
5. Chloride in release -19,994 ppm 
6. Height of spill on land surface -1.0 inches 

7. Length of release parallel to ground water flow -
477 ft 

8. Climate - Arid 
100 

we will assume that the ground water is uncorjlO. Ground Water Flux - 6.1 cm/day 
depth of 77 feet below land surface. Some drill 
this depth to water, however we believe that 9( n Aquifer Thickness -10 feet 
accurate. The 13-foot difference is probably due 10 railing water 
levels in the Ogallala. To be conservative in our approach, we 
used 77 feet at the thickness of the vadose zone. Plate 3 shows 
the vadose zone profile (texture) employed in the modeling with 
the HYDRUS-1D input parameters. 

Appendix A we 
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R.T. HICKS CONSULTANTS, LTD. 

The dispersion length of 1.85 meters is less than 10% of the total 
length of the HYDRUS-1D model and is consistent with standard 
modeling protocol. 

We installed the profile described above as the initial condition in 
HYDRUS-1D and ran it with the estimated spill installed as an atmo­
spheric event on day 1 of the simulation. We ran the model for 2 years 
to create a chloride profile v. depth that we use to "calibrate" the model. 
Comparison of the solute concentrations computed by HYDRUS-1D 
with the field measured solute concentrations caused us to simplify the 
soil profile by using higher hydraulic conductivity in the upper soil 
profile. The parameters used to model the caliche typically employ a 
very low saturated hydraulic conductivity. From field inspection, the 
surface caliche in the area is fractured and filled with fine sands. Be­
cause of the stratagraphic location near the ground surface, we believe 
the caliche at this site has a much higher saturated hydraulic conductiv­
ity than that typically used in the HYDRUS-1D model. During intense 
rainfall events (or produced water spills), water will flow quickly to the 
subsurface through the fractures via saturated flow. Therefore, we 
adjusted for this observation and modified the default caliche parameters 
to behave less like clay and more like sand. Deeper in the vadose zone, 
fractures become barriers to flow and deeply buried caliche behaves 
more like clay. From previous modeling experience, the properties of the 
upper soil profile are the most important in determining flow in the 
vadose zone. Therefore, adjusting the hydraulic input data for the 
uppermost vadose zone is relatively important. 

The parameters of the lower caliche were also altered to allow the higher 
hydraulic conductivity. In addition, two intermediate layers were 
merged using the parameters of 
the coarser layer. These changes 
err in favor of ground water 
protection; they will cause the 
model to overestimate the flux of 
chloride from the vadose zone into 
ground water. After making these 
adjustments, one can observe the 
relationship between predicted 
chloride concentration in soil and 
actual measurements in Figures 4 
and 5. 

Hydrus I D w. SB-1, SB4, T i m . « 200 dfcys 

What are important in the exami­
nation of these figures are the 
distribution of the predicted chlo­
ride mass in the vadose zone and 

Figure 4. Predicted chloride 
concentrations in soil at 200 
days. 
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R.T. HICKS CONSULTANTS, LTD. 

the measured distribution of vadose zone chloride. The simulation of the 
chloride distribution at 200 days after the release (Figure 4) shows a peak 
chloride concentration at about 3 feet deep and background concentra­
tions (zero ppm in the model) at 10 feet below grade. The simulation at 
time=730 days provides a better fit between the predicted chloride 
concentrations and the measured values. The reason for this "time shift" 
is due how the model uses the meteorological data from Pearl, New 
Mexico. The meteo-

*dru» ID w. SB-1. SB-3, T ime• 730 d . » 

/ 

\ 
/ V y 

rological data consists of 47 years of 
daily data. Day 1 is NOT the day 
that the October 2003 release oc­
curred, however. Day 1 of the file is 
about 50 years ago. The measured 
values will only correlate exactly with 
the predicted values if rainfall, wind 
speed and other atmospheric events 
between the time of the release and 
the time of the sampling event were 
exactly the same as the atmospheric 
file in the model. We maintain that 
the "match" between the predicted 
chloride concentrations and the 
measured concentrations presented in 
Figure 5 provide adequate verification 
of our input parameters for the 
vadose zone texture. 

For the mixing model, the largest dimension of the spill (477 feet) was 
used for the length of spill parallel to groundwater flow. Climate data 
from the Pearl Weather Station near the Hobbs, New Mexico airport, 
approximately 15 miles south of the site, was used. Ground water flux 
at the Lea refinery is estimated at .4 feet/day to 1.2 feet/ day. (Lea 
refinery Report) Well logs in Appendix A indicate that 10 feet is a very 
conservative estimate for the aquifer thickness in that most wells exhibit 
well screens in excess of 20 feet. 

We then ran the HYRDUS-1D model to predict chloride movement 
through the vadose zone for 71 years. From the output, we found that 
the center of chloride mass enters the ground water zone between 15 
years and 50 years from present. 

Figure 5. Predicted Chloride 
concentrations in soil at 730 
days. 

This flux was then fed into the aquifer mixing model with the resulting 
output shown in Figure 6. The predicted peak concentration is less than 
200 ppm. 
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R.T. HICKS CONSULTANTS, LTD, 

CHoti*Ccnorrt3tkriin 
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In examining Figure 6, it is important to 
understand that the model assumes 
that rainfall is distilled water (0 ppm 
chloride) and that the initial vadose 
zone water also contains 0 ppm chlo­
ride. Attempting to use chloride con­
centrations other than zero for precipi­
tation and initial soil moisture creates 
too much complexity in the model. 
This simplification causes a minor 
under estimate of the chloride flux to 
ground water, as described below. 

In our model, natural precipitation (0 
ppm chloride) moves the released 
chloride through the vadose zone and 
dilutes the chloride mass (from above) 
during transport, just as real rainfall dilutes the real spill. Minor dilution 
of released chloride also occurs as it moves downward and mixes with 0 
ppm pore water. Dilution of the release by pore water also occurs in 
nature. Thus from time zero to slightly more than 3 years, a flux of 0 
ppm chloride enters the aquifer from the vadose zone, diluting the 100 
ppm chloride ground water to 75 ppm. This decrease in chloride concen­
tration in the mixing model is due to the relatively high flux through the 
bottom of the sandy soil vadose zone. After 3 years, the chloride mass 
from the release begins entering ground water raising chloride concen­
tration. The maximum chloride concentration in a 10-foot thick aquifer 
beneath the site would occur about 30 years after present and would be 
less than 200 ppm chloride. 

ttie Ajufer for *o1GFfelease Ste 

Figure 6. Ground water 
chloride concentrations in 
imaginary monitoring well. 

We can confidently conclude that the release(s) that created the chloride 
load observed in SB-1 will cause minimal impairment of ground water 
quality at an imaginary well located immediately adjacent to the release. 
Our predictions show that a well with 20 feet of screened interval lo­
cated immediately next to the release would observe chloride concentra­
tions less than 150 ppm. 

POTENTIAL IMPACT ON CITY OF LOVINGTON WATER SUPPLY 
WELLS 

The water supply wells for the City of Lovington are more than 2000 feet 
from the release site. These wells do not draw water from only the 
uppermost 20 feet of the Ogallala Aquifer, but from most or the entire 
130-foot thick saturated zone. Let us assume that in the future the City 
of Lovington or another water user were to install a water supply well at 
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the edge of the release site. The maximum predicted chloride concentra­
tion in this fully-penetrating, fully-screened well (130 feet of screen 
within the 130-foot saturated zone) is 109 ppm or 9 ppm above the 
assumed 100 ppm background con­
centration (see Figure 7). 

Chloride Concentration in the Aquifer for 

If we wish to predict the potential 
impact to an existing City of 
Lovington water supply well that lies 
2000 feet from the release site, we 
must calculate the dilution that will 
occur as background water is drawn 
to the well. 

130-foot Saturated Thickness 

For example, let us assume that a City 
of Lovington supply well creates a 
cone of depression with a 2000-foot 
radius and a circumference of 12,560 
feet (Figure 8). If we assume this large 
cone of depression, all of the chloride 
from the release will eventually be 
drawn into the well. In our modeling, we assumed that the maximum 
length of the release parallel to ground water flow was 477 feet. Refi 
ring to Plate 2, the maximum width of the release (perpendicular t̂  
ground water flow) is 375 feet. Therefore, the supply well will draw 
water from the release site (375 feet of the circumference) and back 
ground quality water (12,560 feet of the circumference). T 
the site contributes only 3% of the total volume of 
water pumped by the well. In a simple dilution 
calculation where 3% of the water drawn into 
the well will exhibit a chloride concentration of 
109 ppm and 97% of the water drawn into the 
well is background water quality (100 ppm), the 
resultant concentration in the supply well is 
100.27 ppm. In other words, one will not be able 
to measure the effect of this release on the 
Lovington water supply wells. Figure 8 shows 
this hypothetical situation. 

We conclude that the chloride from this release 
site will have no impact on the City of Lovington 
water supply wells. 

Figure 7. Chloride concentra­
tion in imaginary monitoring 
well with 130 foot saturated 
thickness 

'Abo 1G Release Site 

50 
Time [n Years 

Figure 8. Hypothetical 
i'iM^i showing a Lovington 
water supply well drawing in: 
i. release ground water 

containing chloride molecules 
presented by the triangular 

areapajid ii. background water. 
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PROPOSED REMEDY 
We conclude that the release poses no material threat to ground water 
quality. Simulations using input parameters that should over-estimate 
the chloride concentration in ground water show that the release will 
not cause WQCC Standards to be exceeded at a place of reasonable 
foreseeable future use. 

We recommend closure of the regulatory file. 

We propose annual inspection of the site and re-seeding when vegetation 
begins to invade the spill site. Our site visit in April, 2004 showed that 
the recent heavy rains of the area have permitted some natural re­
vegetation of the site. 
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Name LOVINGTON Location: 032 ' 52' 53.8" N 103" 18' 23 0" W 
Date: 12/18/2003 Caption Plate 1 Location Map 
Scale 1 inch equals 2000 feet 
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i n o d l t j I n w j y . 

Handnok 

it BHI 

Ml 
16- ' 9 ft u i - o j r 

• t / « 069 * • 43 atpna-

2 2 * 
19 tt rt CWT - 1 * 

catena 
0 l . n - l J 3 . K a - t e a ) AVJJ day toean 

2 2 2 6 6 
s * v f • andaeme 

catena 
f i _ f - • • - • • • . * • . * * * 

036 P - I U K i - U 

tratLurad catena vetaM 
mooVaad awn Jan 

12 R 
2 6 3 2 f t « . v e r y An* 

»a»d catena 

.. • - -- . • 
32 • 4ft ft . M l - very 
ftp* tand tome clay 

6>_r- 095. 41 . alpha-
0 i 9 . n - 1 3 1 K » - 6 2 4 

ctty loam 

4611 

4 S - 7 0 f t HfaajM 
tn_r - 067, Ui_« - 45. alpfta 

02. n - 1 4V Ka - 106 
%m toarn 

70 n 

enda-aar. ta 

70 • 77 ft ftmay u n d 
th r . 095 *_% 41 . atone-

019 n - 1 3 1 . K * - 6 2 4 
Oay loam 

•LT. KVchi CcxMufUntt . L M 
• K B (MPH y • M * * 4 I H 

•LT. KVchi CcxMufUntt . L M 
K 1 R.o Oranda. S „ . | . 1 U i 

i Jbuqua rqu* NU Lovington Abo Release Site 



APPENDIX A 



form WR-ra STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS; This form should be executed in triplicate, preferably typewritten, aad submitted to the, 
nearest district office of the State Engineer. Al l sections, except Section 5, shall be answered as completely and 
accurately as possible when any v/ell is drilled, repaired or deepened. When this form is used as a plugging 
record, only Section IA' and Section 5 need be completed. 

Section 1 

7 - 2 0 -

(A) Owner of well-

Street and Number-

City 

_j£jK35.-£S3rMH 
J3Q2L.2J321 

Lovittis'tost state Hear ReJcLo 
Well was drilled under Permit No... .and is located in the 

ify . f f l %. W i . . 0 r \ of Section..-?. .Twp.-iZ-£.....Rge.l§..JL 

(B) Drilling Contractor...G.&yfrftn. > , Pogfcfig. License No.'ailjisiSS—. 

City ._. 

Drilling was commenced... 

Drilling was completed 

J&g&8gkS&. State l e w Mexico. 

Agakt-JL 
(Pint ot 640 areas) 

Elevation at top of casing in feet above sea leveL. 

19.55-

.Total depth of w e l L _ _ i 4 £ _ 

State whether well is shallow or artesian_§feallaW-„ Depth to water upon completion-

Section 2 PRINCIPAL WATER-BEARING STRATA 

JSL 

No. 
Depth in Feet Thickness tn Description at Water-Bearlng Formation No. 

From To Feet 
Description at Water-Bearlng Formation 

1 71 15 bates* Sand 
2 

3 

4 

5 

Section 3 RECORD OF CASING 

Dia 
In. 

Pounds 
it . 

Threads 
tn 

Depth 
Feet Type Shoe Perforations Dia 

In. 
Pounds 

it . 
Threads 

tn Top Bottom 
Feet Type Shoe 

From To 

Section 4 RECORD OF MUDDINS AND CEMENTING 

Depth ln Feet Diameter 
Hole In Ja, 

Tons 
Clay 

Mo. Sacks of 
Cement Methods Uied 

From To 
Diameter 

Hole In Ja, 
Tons 
Clay 

Mo. Sacks of 
Cement Methods Uied 

Seotion 5 

Name of Plugging Contractor 

Street and Number 

Tons of Clay used _ .Tons of BoughBge used 

Plugging method used- . 

Plugging approved by: 

PLU©SIN© RECORD 

City. 

...License No.. 

. State-

-Type of roughage.. 

Date Plugged- -19_ 

Cement Plugs were placed as follows; 

—Basin-Supervisor-

3POR USE OF'STATE EHGB7EER ©Nii Y' 

Date Received ; - ' 

File No._.... 

No, 
JJepth of Fjuff 

No. ol Sacks TTsed No, 
From To 

No. ol Sacks TTsed 

-Location No. J7. 



Section 6 LOS OF WELL 

Depth in Feet Thickness 
' in Feet Color Type o£ Material Encountered 

Fiom To 
Thickness 
' in Feet Color Type o£ Material Encountered 

ft 1 

? . 7 'Irt.-- \ 

•7 i'< a 

ir> 951 
— ? 

h 

20 26 6 Sand Rock 

10 

LS 70 25 Water Saad 

nr. 77 7 
i **~— 

nn 
n 
09 15 •Qui"''' P*W 

* t — 

O? T i q^Ti.-iy f l i ay 

iC6 iOfi 2 Senci 

106 112 k Roak 

l"t? thc^} 

c? Sand 

ILLS 2 Santi? Slay 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor­
rect record of the above described well. ^ 

•WeU DrilJ?r 



Date of Receipt.. 

(Thin form to be executed In triplicate) 

WELL RECORD 

_ Permit No.£ol j .55A 

Name of permittee, _ _ - ^ O V t e g t < M - M ^ i C i p B l - - U t i l i ' f c i S S - -

or P.O . City and S t o U - J ^ f f r * ' « a 4 f i B 

'A _ J$fe— 

h i * 
my 

1. Well location and description: TUe „ wgbfllloW---~ well ia Ideated la 
(ohallow or artealan) 

Lot--?— °r S8ctt0IL—h- , Township—.-. a6.. , Ram;e30 ; Blnvatiou of top of 

casing above sea level, 357.2 .feet; diameter of hole, .1.4 Inches; total depth, . .3,27. ..-teet; 

depth to water upon completion, SS; feet; drilling was commenced... ....JunaJi. 19.5.2...., 

ond completed Ju8§._!i.s. , 16..25L..; nemo of drilling contractor—AQ,Ua..l!J'illiag...Co.i>..... 

J30.X...lQ9il ; Address, L S ^ S B i S S h J ^ k ; Driller's License Ne_JfflL35i 

i . Trincipal Water-beatiiiB Strata: 

Frcm To Xhlckueiu tlucilpllon of Watei.beutbiv FoijnaUon 

No. 1 
1 Water Sand 

No. 2 
AO 71 a 

No. 3 
ftp 

t * l i — • — -

aA •i "• tj«$!»V. s nrt ft Water 

No. 4 
•no i. M k f e n i v J t e n t P. 

No. 0 

3. Casing Record: 

Dlunoter 
tn inches I»r Jt. 

Thwadl Depth of Oft*I»« or Unw 
par Inch Top Bottom 

F»oI of 
From To 

o 

5 
OCT 27 1952 

ENGINEER 

4. I f above construction replaces old well to be abandoned, give location: & , „„„ ^ 

of Seatioii......—...... , Township , Range. name and addrutes of plugging oontroctor, 

date of plujRinff- • 1 • 1 t > — \ -•• descvlbo h o y e l l was plugged: 

ri—iSit— 

-J _.ii.CI.4Ui43£2-

. . | . . . . ^ ^ . ^ ^ i y _ f _ A V ^ ^ . ^ ^ ; i - ^ i ^ ^ L t j j ^ ^ j , . . ^ _ - , . . . . . . — ; . - - . v . f . . . . . . : . : v . y ; ^ : £ ; V ; _ , . , „ 

a? 



5. Log " f Well: 

U«ith 
Tnm 

ta face 
In loot Dog trip Hon of FtiramUnn 

0 2 2 Soil 

2 26 2h Calicbe & Ltae Shale 

26 58 32 SarxJy Shale 

so. 59- . 1. tfatey Sand. 

59 69 10 Sand & Sbale 

69 71 2 water Sand ci Shale 

71 82 11 •Sand Shale with Streaks of Clay 

82 86 l i Quick sand & Water 

86 112 26 Sand & Shale 

1X2 116 i l f i g h t Water Sand & Clajr Shale 

116 127 n Sandy Shale 

Tha undersigned hereby certifies that, to tbe beBt ot his knowlsdfre and belief, thc foregoing Is a. true nnd cnr-

rect rocord of the above'described-wall.. . 

'igi&^£g!Lj3gG& 
j \ ^ f Lteenitrd WeU Driller 

Instructions 

This form shall be excidtti; preferably typewritten; Ja triplicate and filed with the State Engineer's Office) at Bos-
well, New Mexico, within 10 days after drilling hoe been completed. Data oa -water-bearing strata and on all forma­
tions encountered-should bo as complete and accurate as posslbta^ • •• • 



(This farm ta bo oxccutcil in triplicate) 

WELL RECORD 

Permit N o J ^ 2 6 5 „ . Date of Booelpt : • — 

Mrmie of peTmttlttt:, .. Eme_s.O'iaha.n _ '•— 

Street or P.O BQX...32 r. CKy ™ a SlRte._La-7in.gt0n-,—H-t—.I-•t-r. 

1. *Well location and description: The.. shallow ...well te located In. .Hit ML .....K, 
(ihallow or arU-laa) 

_..S.¥....y1 of Seotion.. 1 1 Town.liip..-.l6... S. Kango. 3JL E • Elevation o£ top of 

casing above saa level, ....feet; diameter of hole, , 16. .inches; total depth, ..l.?Q.._. ...feet; 

depth to water upon completion, :-J,h5-~ '°et; drilling; was commenced— J . a l l . — - , _0_4.8_, 

JaR ....9..., l i & f L 

nttme of drilling contractor.. 

-,;"Addresa. „£Qy ••6t3.7.r..Hobh^7....l)ltf..,M-; Driller's Li.:cnae ?to„..Wnk6-.„. 

and completed... 

a. Principal Water-bearing Strata: 

Trom To Snacriptloa of Watavhetuinic F<nro««lie»n . 

_. 120 .... 75 Water sand 
Mo. 2 

No. 3 

No. 4 

No. 5 • 

S. Casing Record: 

niamHter Pound* ThtendB PopCi of OaSttr « XUKT 
In inches w t i t per Laoli Ton Bottom 

Feat of FttfarfttlDsn 
Viwn 1 

..HONE... 

4, I f above eonatr cation replaces nld \reli to be abandoned, give location:-..— .-»_.._}4. 

of SocUon .... , Township. .—. , Ranee „; name-arid address of plugging contractor, 

dato of plugging...... _ 10 ; . describe,how well was plugged; , 

JAN'Tl"T552 

O'lnrrc-t-—-— 
ARTESIAN VflEU. SUSSRVBG-l 

EOSVfELI., HEW MiSKtCO 



5. Lojr uf Well: 

Depth TL1efuiet« 
ia ftot Description oi Fonaation 

0 4 4 Soil 

4 '31 Caliche 

35 45 10 Hard shel l ' 

45 120 75 Water sand 

• 

The undersigned hereby Certifies that, to the best of his knowledge and belief, the foregoing is a true and cor• 

rect record of the above-described well. „ . v. ' - *•• r. • 

In j trn otl ons 

Thia "form shall oV executed, preferably typewritten, in triplicate and mod with the Stats Engineer's Office at Ros­
well, New Mexico, within 10 days after drilling has beea completed. Data on water-bearing: strata and on all forma­
tions encountered should be aa completa and accurate as possible; • * 



yircui. n a u n u 

Section 1. GENERAL INFORMATION 

(A) Owner of well H u l d a H e i d e l . 
Street or Post Office Address 1 0 1 8 W e s t A v e n u e K 
City ant! state L o v i n g t o n . New N e x i c o 8 8 2 6 0 

Owner's Well No. 

Well was d riiied under Permit Na L - l 3 5 enlarged L-l35S a n d I s ] o c a t e ( , 

'a. • ' " / ' : ! ' V> ' y • 'A j i 'A NYf % of Section H Township _ 

b. Trad No of Map No of the 

in the: 

16S . Range. 36E » N.M.P.M. 

c. Lot No . o f Block No 
Subdivision, recorded in L e a 

.of the. 
. County. 

d, X= . 
the. 

.feer,Y= . feet, N.M. Coordinate System. . Zone in 
_ Grant. 

(li) Drilling Contractor A b b o t t B r O S . • License No. WD-46 

Address P.O. Bos 637. Hobbs, Hew Mexico 88240 

Drilline BeBan 3 / 1 7 / 7 7 Completed 3 / 2 g / 7 7 Type tools 

Elevation of land surface or at well is ft. Total depth of well 

Size of h o l e 

146 

16 

Completed well is shallow L l . artesian. Depth to water upon completion of well. 

Section 2. PRINCIPAL WATER-BEARING STRATA 

_5_8_ 

- f t . 

- f t . 

Depth in Feet Thickness 
in Feet Description of Waler-Bearing Formation 

Estimated Yield 
(gallons per minute) From To 

Thickness 
in Feet Description of Waler-Bearing Formation 

Estimated Yield 
(gallons per minute) 

58 146 88 Sand 

Section 3. RECORD OF CASING 

Diameter 
(inches) 

12 3/4 

Pounds 
per foot 

-A3 

Threads 
per in. 

W e l d e d 

Depth in Feet 
Top Bottom 

146 

Length 
(feel) 

146 

Type of Shoe 

None 

Perforations 
From 

66 

To 

14.6 

Section 4. RECORD OF MUDDING AND CEMENTING 
Depth in Feet Hole 

Diameter 
Sacks 

of Mud 
Cubic Feet 
of Cement Method of Placement 

From To 
Hole 

Diameter 
Sacks 

of Mud 
Cubic Feet 
of Cement Method of Placement 

Plugging Contractor . 
Address 
Plugging Method _J 
Date Well riueeed 
Plugging approved by: 

Section 5. PLUGGING RECORD 

State Engineer Representative 

No. 
Depth in Feet Cubic Feet 

of Cement 
No. 

Top • Bottom 
Cubic Feet 
of Cement 

1 
2 ' 
3 
4 

Date Received J t m e 1 4 , 1 9 7 7 

/ FilBlMn L - 1 3 5 & T . - 1 3 5 -

FOR USE OF STATE ENGINEER ONLY 

Quad. FWL . F S L _ 

Supplemental 
. U s e _ I r C Location Nn 1 6 . 3 6 . 1 1 . , ;.V.'-



Section 6. LOG OF HOLE 

Dcplh in Feet Thickness 
in Feet Color and Type of Material Encountered 

Fiom To 
Thickness 

in Feet Color and Type of Material Encountered 

0 2' 2 Surface s o i l 

2 26 24 Cal iche 

26 58 32 Sand- t igh t 

58 112 54 Sand-water 

112 128 Hfi Sana- t igh t 

128 146 18 Sand-wa te r 

— • ~ - v ! 

> . - . . . - i -

Section 7. REMARKS AND ADDITIONAL INFORMATION ;» 

o r>vi 

The undcrsisned hereby certifies thai, to the best of his'knowledge and belief, the foicBoin« is a true and current record of Ihe above 
descrihed hole. 

Driller fir. /S 



Form WH-23 

WELL RECORD 
INSTRUCTIONS: This form should be executed ia triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall he answered as completely and 
Accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, only Section IA and Section 5 need be completed. 

Section 1 
(A) Owner of w e l l . - . . — S & y l o J C - J j i . 

Street and Number 

City _4 io j>e - Slate _..ae.ijiL_iiffiXi. 

{Flat of 040 aores) 

Elevation at top of casing in feet above sea leveL. 

Well was ^ S ^ i S ^ ^ M ^ W ? . . . ^ S ^ ^ Z L ^ ^ and is located in the 

of Section....!! T t V p . _ I ^ 6 _ . _ B g e „ > 0 . - t . 

(B) Drilling Coiitractor....^S ;s....4ift=^i:Sg. License No....V!_«J>.-.73. 

Street and flumbec B03C Sft 379 

City jjOriag-laaa — state .jieisL-inax.-. 
Drilling was commenced J-4 19_fe4_ 

Drilling was completed. i t a u l k 19... 6.4.. 

....Total depth of well 

State whether well is shallow or artesian Sfeall.»W Depth to water upon completion. 75... 

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
Depth in Feet Thickness in Description of Water-Bearing Formation No. 

Prom To Feet 
Description of Water-Bearing Formation 

1 no 15 Small GxyaiHizeo. s a i : i Q rook &. ctaick s&uct 
2 

3 

4 

5 

Section 3 RECORD OF CASING 

in. 
Pounds 

ft. 
Threads 

ln 
Depth 

Feet Type Shoe 
Perforations 

in. 
Pounds 

ft. 
Threads 

ln Top Bottom 
Feet Type Shoe 

From To 

HO" i eased 

Section 4 RECORD OF MLIDDING AND CEMENTING 

Depth in Feet Diameter 
Hole in in. 

Tons 
Clay 

No. Sacks of 
Cement Methods Used 

From To 

Diameter 
Hole in in. 

Tons 
Clay 

No. Sacks of 
Cement Methods Used 

16 2 sacks of o r i l l i a * ama used te 
hold quick aaaa "neck 
wi' i t«* «>T|̂  Yt - l "i 

Section 5 

Name of Plugging Contractor. 

Street and Number 

Tons of Clay used Tons of Roughage used 

Plugging method used. 

Plugging approved by: 

PLUGGING RECORD 

City_ 
-JLicense No-

State 

-Type of roughage_ 

-Date Plugged.. _19_ 
Cement Plugs were placed as follows: 

Basin Supervisor 

FOR USE OF STATES- £2S<?JjtffiE(l ONLY 
' ! : -.1U J.ijfLJ 

Date Received 

File No.. 

12:8 m 61 km h%\ 

No. 
Depth ol Hug 

No. of Sacks Used No. 
Irom To 

No. of Sacks Used 

Use_ ..Location No. /(, I 5 /' 



Section 6 LOS OF WELL 

Depth in Feet Thickness 
in Feet Color Type of Material Encountered 

From To 
Thickness 

in Feet Color Type of Material Encountered 

TT<"> ] 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor­
rect record of the above described well 

/ ' p / : -j 11 
WeU Driller 



STATE ENGINEER OFFICE 

WELL RECORD 

Revised June 1972 

Section I . GENERAL INFORMATION 

C i t y of l.OVtngrort Owner's Well No. (A) Owner of well _ — . 
Street or Post Office Address ^ ° V | u g S m r 

Lovingron, N .M. 88260 City and State . 

Well was drilled under Permit No._ L 9517 . and is located in ihe: 

a 6 & 6 f r >/, V i ^ & £ ^ VS SW vi of Section L _ Township 1*5 R a j l g e 

b. Tract No of Map No of thn -

_N.M.?.M. 

r.. Lo l No.. . of Block No.. . of t he 
Subdivision, recorded i n . . County. 

d. X= .. 
the. 

. feet, Y"_ . feet, N.M. Coordinate System- . Zone in 
_ Grant. 

(B> Drilling Contractor-

Address — 

Oens...Egdes 

RK. 4 Tahoka, Tx. 79373 

. License N o . _ _ _ J V D 9 8 2 _ 

Drillins BeEan 11-27-84 Completed l l r . ? 7 - 8 4 T y p e tools J ^ t ^ X Size of hole § in. 

Elevation of land surface or at well is ft . Total depth of well I 2 § t l i 

Completed well is Lxl shallow O artesian. Depth (o wutcr upon completion of well £6_ f| 

Section 2. PRINCIPAL WATER BEARING STRATA 

Depth in Feet Thickness 
in Feet Description of Water-Bearing Formation 

Estimated Yield 
(gallons per minute) From To 

Thickness 
in Feet Description of Water-Bearing Formation 

Estimated Yield 
(gallons per minute) 

66 138 72 Brown water sand w/ sandstone stringers 30 

Section 3. RECORD OF CASING 

Diameter 
(inches) 

Pounds 
per foot 

Threads 
pet in. 

Depth in Feel Length 
(feet) Type of Shoe 

Perforations Diameter 
(inches) 

Pounds 
per foot 

Threads 
pet in. Top Bottom 

Length 
(feet) Type of Shoe 

From To 

5 3/4 160 psi. 134 118 138 

5 3/4 Sch. 40 st sel foi pUless adc pter 4 

Section 4. RECORD OF MUDD1NG AND CEMENTING 
Depth in Feet 

From To 
Hole 

Diameter 
Sacks 

of Mud 
Cubic Feet 
of Cement Method of Placement 

riugSifC Contractor . 
Address 
Plugging Method 
Dale Well Plugged-
I'lugging approved by: 

Section 5. PLUGGING RECORD 

State Engineer Representative 

No. 
Depth in Feet Cubic Feet 

of Cement 
No. 

Top Bottom 
Cubic Feet 
of Cement 

1 
2 
1 
2 
3 
4 

Date Received December 10 , 1984 

File Mo. L-9517 

FOR USB OF STATE ENGINEER ONLY 

Quad 

n„ Drihtcinc/Sanitary.. 

FWL . FSL_ 

i f i . s f t . r t . n ^ / t 



Section 6. LOG OF HOLE 

Depth in Feel Thickness 
in Feet Color and Type of Material Encountered From To 

Thickness 
in Feet Color and Type of Material Encountered 

..£> 3 3 Topsoii 

3 

15 

15 12 Caliche 3 

15 2 1 _ 

40 

6 Sandy clay 

21 

2 1 _ 

40 19 Sandy clay & sardstone 

40 65 25 Sand & sandstone 

65 66 1 Hard sandstone 

66 138 72 Brown water sand 

? M - •• i 

\ • 

• L 

- A 

Section 7. REMARKS AND ADDITIONAL INFORMATION 
c 

CO 

ro 
ro 

The undersized hereby uertijfiesjthat, to the;b'cst of-'Kis knowledge and belief, the foxegoing is avtrue and correct record of the above 
described hole. 

A 
Driller 



Form. WR-2S STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should bo executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. A l l sections, except Section 5, shaU be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened, When this form is U3ed as a plugging 
record, o,nly Section IA and Section 5 need be completed. 

Section i fl&tjjr of $©$i*igfcott 
(A) Owner of well J K s r t a g a ' 
Street and Number-

City , — 
Wgll vfys drillgd'jgnder Permit No—'. ^ j . 

, State . 

net is lgeati lej^njthe 

.% % - ^ | P : t t e e S - T w p Rget7?tvj-322 
(B) Drilling Contractor. License No 
Street and N u m b e ^ ^ . ^ . 
C i t y -- —- &/mx 8" State . 

Drilling was commenced— 

Drilling was completed 

<Plat ot G« acres) 

Elevation al. top of casing in feet above sea I f^ f J jgk j s j - '— 

State whether well is shallow or artesian—; .• 
Section 2 . PRINCIPAL WATER-BEARING STRATA 

. 19.. 

19-.. 

-Total depth of welL 

Depth to water upon completion.. 

1& ru 

No. 
Depth 

From 
n Feet Thiclmcss in 

Feet 
Description of 'Water-Bearing Formation 

1 rto • t ' T " -J. 

2 —,-B-H,T risUw 

3 
•i 

—if— * * r — 

fcis ... 
^ t f ^ - i . ^ ^ rfa vr. «it . 

t 
— i — 

5 

Section 3 RECORD OF CASING 

Din Pounds 

3ft 
Threads Depth 

Feet Type Shpe 
Perforations 

44^ 

SeeUon 4 RECORD OF MUDDING AND CEMENTING 

Depth ln Feet •• Diameter 
Hole in in. 

Tons 
Clay 

No. Sacks ot 
Cement J-Iethods Used 

From . TO: 
Diameter 

Hole in in. 
Tons 
Clay 

No. Sacks ot 
Cement J-Iethods Used 

•• 
Section 5 

Name'of Plugging Con tractor.! J:— 

Street and Number: _ _.^_J_ •-. 

Tons of Clay used .Tons' of Roughage used 

Plugging method used : _a 

Plugging approved by: 

Basin Supervisor 

ONLY 

PLUGGING RECORD 

City— 

.JUcense No.. 

. State: 

2.Type of roughage-

Jpate Plugged- _19_ 

FOR US^ B F ' S I ' X T E - , ^ 

Date P.pprfw>ffl \ } ' i \p ' j l \ \^ . \•• . '•*•>• 

File No L _ r _ i L £ _Use_ 

CernentJPlugs were placed as follows: 

No. 
.Depth of Plug 

No. of Sacks Used No. 
•From To 

No. of Sacks Used 

^ Location No. / ^ , \ ± £ j ? . 



Section 6 LOG OF WELL 

Depth in Feet Thickness 
in Feet Color Type of Material Encountered From To 

Thickness 
in Feet Color Type of Material Encountered 

0 f 1 f t * S o i l 
1- k RocK. 

18 f t . Calic-M 
18 62 ¥ r f t . SaM. 
62: 70 8 f t . ; , Sand Stone 

70 Sk til- f t . Sand 
8M- 98. 1*i- f i Sand & Calc-iim 
93 112 11+ f i • Sandy Clay 
T12. 120 8 f t , Sand 
120 138 18 f t . Sandy Clay 

138 ike 8 f t , •Water Sand 
153 7 f t . Sandy Clay-

153 158 5 f t . Sand 
158 161+ 6 f t . Sandy Clay 

-
-

The undersigned hereby certifies that; to the best of his knowledge aad belief, the foregoing is a true and cor­
rect record of the above described well. 

S f .* , . j 

• Well Driller 



Form WR-23 STATE KNGINEER- OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. A l l sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When Ihis form is used as a plugging 
record, only Section I A and Section 5 need be completed. 

Section 1 
(A) Owner of wel 

Street and Number. 

City 

Well was drilled under Permit No.. 

J £ 3 L * u £ J L % J U L _ K of Section.-M-

. State . 

-Twp.. 

_and is located in the 
2 6 8 Vt nn -Rge.. 

(B> Drilling rymtrgnw aaarftwa B8$8* fifo 
Street and Number. 

City 

.License No! 

State. 
Drilling was commenced- M l 
Drilling was compl eted . 

uJL. 
(Plat of 640 acres) 

Elevation at top of casing in feet above sea level 

State whether well is shallow or artesian 

.Total depth of woll 

Section 2 PRINCIPAL WATER-BEARING STRATA 

-Depth to water upon completion... 66 & 

No. 
Depth in Feet Thickness in Description of Watcr-Bearine Formation No. 

From To Feet 
Description of Watcr-Bearine Formation 

1 <& % g 
2 m 
3 

4 

5 

Section 3 RECORD OF CASING 

Dia 
in. 

Pounds 
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Threads 
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Depth 
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To 

? ia* §»$ m i * - seas m 

• , Section i RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter 
Hole in in. 

Tons 
Clay 

Mo. Sacks of 
Cement Methods Used 

From .. To 

Diameter 
Hole in in. 

Tons 
Clay 

Mo. Sacks of 
Cement Methods Used 

Wh •%m m 

Section 5 

Name of Plugging Contractor-

Street and Number 

Tons of Clay used 

PLUGGING RECORD 

City_ 

—License No-

State: 

-Tons of Roughage used- -Type of roughage.. 

Plugging method used-

Plugging approved by: 

-Date Plugged- -19-

Cement Plugs were placed as follows: 

T - T T V , „ . . . „ , 
FOB USE^>F sjq&xjg: BStQllfiS4Rit)Jn.Y^ 

, .... ~ R . 
Date Received 

Nu. 
Depth of Hug 

No. oi Sacks Used Nu. 
. From To 

No. oi Sacks Used 

|T?ile No. -TJse. -Location N o . ^ L i ^ . - ^ ^ J L 



Section 6 LOG OF WELL 

Depth in Feet Thickness 
in Feet Color • Typo of Material Encountered 

From To 

Thickness 
in Feet Color • Typo of Material Encountered 

fi fits 28 
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The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing,is a true and cor­
rect record of the above described weii 



3. Dispersion Length of Chloride in the Vadose Zone 

The dispersion length describes the amount of mixing a solute 
such as chloride will undergo in the vadose zone. Dispersion causes 
dilution of solute concentrations through mixing with ambient 
vadose water or ground water in a longitudinal direction parallel 
to water flow as well as in a transverse direction perpendicular to 
water flow. Systems with larger dispersion lengths produce greater 
mixing. Soil and aquifer heterogeneity tend to increase disper­
sion. 

The dispersion length is very difficult to measure in the field. Re­
searchers and field personnel rely upon professional judgement 
and published values (from laboratory or field experiments) to 
arrive at the dispersion length for a particular site. In general, 
researchers employ a dispersion length that is 7-10% of the total 
model length. When modeling a ten meter thick vadose zone, 
one may set the dispersion length at 10% of ten meters (100 cm). 

4. Depth to Ground Water or Vadose Zone Thickness 

The vadose zone is the region between the land surface and ground 
water table, and its thickness is defined by the depth to the ground 
water table. The vadose zone (also referred to as the unsaturated 
zone) includes the capillary fringe (pore space completely filled 
with water, under negative soil water pressure) and the overlying 
soil and sediment where the pore space is partially filled with wa­
ter. Because ground water table depth rises and falls due to sea­
sonal fluctuations in precipitation, ground water pumping with­
drawals, and other factors, the thickness of the vadose zone is not 
constant. Like soil texture, the thickness of the vadose zone af­
fects the time required for a release at the ground surface to reach 
the water table. The thicker the vadose zone, generally, the longer 
the travel time from ground surface to the water table. A rela­
tively thick vadose zone also has more open pore space to tempo­
rarily store released fluid. A thick vadose zone can attenuate the 
effects of a chloride ion release more effectively than a thin va­
dose zone. 

5. Climate 

Precipitation and evaporation affect the water content of the va­
dose zone (before a release) and exert control over the migration 
of chloride after a release. In a humid climate regular and gener-



ous precipitation over the annual cycle can create relatively uni­
form infiltration patterns and a predictable soil water profile. In 
arid climates, where rainfall occurs in short-duration thunder­
storms punctuated by long periods of drought, the infiltration is 
not uniform and occurs only immediately after large precipita­
tion events. Arid climates exhibit vadose zones with relatively 
low water contents. 

In humid climates with relatively uniform infiltration patterns, 
one could employ monthly climate data for simulation modeling. 
In arid climates, daily precipitation and evaporation data are nec­
essary. 

6. Chloride Concentration of Release 

Chloride concentration in oil field brine water can be 100,000 
ppm, or much lower if the producing formation contains fresh 
water due to infiltration of precipitation over geologic time. One 
of the easiest input parameters to measure in the oil and gas fields 
is the chloride concentration of the produced water. The chloride 
concentration in other types of released fluids can also be mea­
sured. The effect of chloride concentration in a released substance 
is straightforward: the higher the chloride concentration, the 
greater the environmental threat. 

7. Release Volume and Chloride Mass 

The volume of the release multiplied by the chloride concentra­
tion of the release yields the total mass of chloride released to the 
environment. The total mass released is a very important input 
parameter because it determines for a specific site the risk for 
ground water impairment. In the absence of reliable data on the 
volume of a release, the total mass of chloride can generally be 
estimated by a field investigation. 

8. Height of Spill 

Chloride ion releases occur in bermed areas when produced water 
storage tanks fail or within the natural terrain due to transmis­
sion line leaks and other transportation accidents. Releases may 
pond in a berm, pit, or natural depression, or can be dispersed 
over a large area. If the release is contained within a berm, the 
spill height is equal to or less than the height of the berm. In an 
open field, the spill height may vary. For a given site the amount 
of chloride ion infiltration into the soil is a function of the hydrau-
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lie head or ponding depth. As the ponding depth increases, so 
does the hydraulic head, (pressure, at the soil/chloride ion spill 
interface). Understanding the depth of ponding and the total 
amount of infiltration per unit area guides the characterization 
efforts. A large amount of infiltration may require deep drilling 
for site characterization while a small release may require sam­
pling with a hand shovel. 

9. Ground Water Flux 

Ground water moves through an aquifer in response to its capac­
ity for transmitting water, or, hydraulic conductivity (m/day), 
and the driving force caused by a sloping water table (hydraulic 
gradient). The hydraulic conductivity of aquifers can be mea­
sured in the field, and can be found in publications that often pro­
vide estimates of this parameter. The hydraulic gradient can be 
measured in the field by determining the depth to water at three 
wells of known surface elevation. Multiplication of the hydraulic 
conductivity by the hydraulic gradient yields the ground water 
flux, which is the volume of water flowing through a unit area of 
aquifer over a specified time period (expressed in m3/(m2 * day) = 
m/day). The lower the ground water flux, the higher the prob­
ability that a release will cause unacceptable ground water qual­
ity impairment. 

10. Aquifer Thickness 

A thick aquifer contains more water than a thin aquifer. A given 
amount of chloride that enters from the vadose zone in a thick 
aquifer will result in a lower chloride concentration than the same 
amount entering a thin aquifer since aquifers that contain more 
water can be more effective at diluting contaminates. A thick 
aquifer that exhibits a large ground water flux may be able to 
absorb chloride from a large surface release without any severe 
impact to water quality. 

11. Aquifer Ambient Chloride Concentration 

Ambient chloride concentrations of ground water will influence 
whether or not a release causes unacceptable ground water qual­
ity impairment. If ground water has a low chloride concentra­
tion, even a considerable release may not cause chloride concen­
trations to exceed the US EPA Secondary Standard of 250 ppm or 
preclude the use of the water for agricultural needs. A high chlo­
ride concentration in ground water increases the risk that a chlo-
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ride ion release will render the groundwater unfit for use. Simple 
field measurements from nearby well water or published data can 
supply an accurate estimate of the ambient chloride concentra­
tion in an aquifer. 

1.1 HETEROGENEITY 

Heterogeneity, most often caused by the layering of different sedi­
ment or soil types within a vadose zone, is more common in na­
ture than not. Heterogeneity affects the distribution of chloride 
and other solutes through its strong influence on dispersion and 
hydraulic permeability. 

One of the most common simplifying assumptions employed by 
regulators and guidance manuals is the assumption of homoge­
neity. However, a clay lens one meter thick found 3 meters below 
a release in a sandy soil will have a profound effect on the migra­
tion of chloride through the vadose zone. Heterogeneity can in­
crease the attenuation of a release and help mitigate the effects on 
ground water quality. 

1.2 RELEASE VOLUME, SPILL HEIGHT, AND CHLORIDE 
CONCENTRATION OF THE RELEASE 

We have found that knowledge of the volume of a release is less 
important than understanding (1) the chloride load per unit 
area and (2) the geometry of the release with respect to ground 
water flow. Because release volume is seldom known with 
accuracy, we have combined chloride concentration in the 
release and spill height into a single parameter: chloride load/ 
unit area. We then used the release volume and spill height to 
calculate the size of a circular release. As described below, we 
used the diameter of the release as the length of a release paral­
lel to ground water flow. If an oblong release geometry is 
oriented parallel to ground water flow, more chloride will enter 
the aquifer along a specific flow line, yeilding a higher chloride 
concentration in the down gradient well. If the long axis of the 
oval release is perpendicular to ground water flow, the impact to 
a well will be less. By re-arranging and combining these fac­
tors, we reduced the total number of factors from 11 to 10. 
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2.0 MODELING APPROACH 
The modeling of chloride ion migration from the soil surface 
through the vadose zone into a shallow aquifer towards a moni­
toring well would require a sophisticated three-dimensional model, 
which takes into account the full coupling between unsaturated 
flow in the vadose zone and saturated flow in the aquifer. Such 
an approach is outside the scope of this study since generally ac­
ceptable three-dimensional models capable of such simulations 
are still being developed. Moreover, the computer time necessary 
to conduct such simulations would have been prohibitive for regu­
lators and oil field personnel. 

We used an approach based upon the assumption that flow 
through the vadose zone is mainly downward. This assumption 
is reasonable for humid climates where precipitation exceeds 
evapotranspiration most of the year. It is also reasonable in arid 
climates when the ground water table is so deep that no upward 
flow due to capillary rise can be maintained. Under these condi­
tions, it is possible to de-couple the modeling of water flow and 
chloride transport in the vadose zone from the modeling of water 
flow and chloride transport in the aquifer. We assume that flow 
in the vadose zone is one-dimensional downward and flow in the 
aquifer is one-dimensional horizontal. This assumption allows us 
to first simulate water flow and chloride transport through the 
vadose zone using the model HYDRUS-iD. The output from 
HYDRUS-iD is the downward water flow seeping out of the va­
dose zone and the downward chloride flux over time. These out­
puts are used as inputs into the model for the aquifer. In this 
study, we used two models for the aquifer: MODFLOW and a 
simple groundwater mixing model. MODFLOW is a standard 
code for modeling water flow and solute transport through aqui­
fers (Domenico & Schwartz, 1998). Since it takes quite some time 
to setup a simulation in MODFLOW, we used a validated excel 
spreadsheet mixing model to generate results more cost effectively. 

2.1 VADOSE ZONE MODEL: HYDRUS-1D 

2.1.1 Model Overview 

HYDRUS-iD (Simunek et. al, 1998) is used to simulate one-di­
mensional transport of water, heat, and solute movement in vari­
ably saturated porous media. The HYDRUS- lD model was de­
veloped by the George E. Brown Jr., Salinity Laboratory, USDA, 
ARS, Riverside, California and is distributed by the International 
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Ground Water Modeling Center (IGWMC), Golden, Colorado. A 
Microsoft Windows™ based Graphics User Interface (GUI) sup­
ports HYDRUS-iD. 

The HYDRUS-iD model numerically solves the Richards' equa­
tion for water flow and Fickian-based advection-dispersion equa­
tions for heat and solute transport. The HYDRUS-iD flow equa­
tion includes a sink term (a term used to specify water leaving the 
system) to account for transpiration by plants. The solute trans­
port equation considers advective, dispersive transport in the liq­
uid phase, diffusion in the gaseous phase, nonlinear and non-equi­
librium sorption, linear equilibrium reactions between the liquid 
and gaseous phases, zero-order production, and first-order degra­
dation. The heat transport equation describes conduction as well 
as convection. 

HYDRUS-iD can handle large numbers of soil layers, and uses 
the van Genuchten-Mualem, Brooks-Corey, Kosugi lognormal, 
and Durner dual porosity models to describe soil hydraulic prop­
erties. When values of soil hydraulic properties are unavailable, 
HYDRUS-iD can estimate them from a small catalog of values 
based on major textural classes (e.g., sand, sandy loam, etc.) or 
neural network based predictions. 

The HYDRUS-iD code can simulate a wide range of boundary 
conditions. These are constant and time-variable pressure heads 
and fluxes, free drainage, seepage face, and an atmospheric bound­
ary condition. An atmospheric boundary condition can be used 
to either generate run-off when the precipitation rate exceeds the 
infiltration capacity of the soil, or store excess water on the land 
surface allowing the water to infiltrate when precipitation stops. 
Time-variable conditions can be entered hourly, daily, or any gen­
eral time interval. 

We used HYDRUS-iD for the vadose zone simulations of this re­
search project because we are interested in the vertical transport 
of water and chloride through the vadose zone. The outputs from 
HYDRUS-iD are the daily water flow and chloride flux from the 
vadose zone over the time period of the simulation expressed as 
cm day1 and mg cm 2 day1 respectively. These outputs are used 
as inputs into the simple mixing model. 

2.1.2 Applicability of HYDRUS-1D for Chloride ion Releases 
Surface or near surface releases of chloride ion migrate through 
the vadose zone under variably saturated conditions as a function 



Form WR-23 STATE ENGINEER OFFICE 

WELL RECORD 
MSTKtlCTIONS; Thistoi'ra should he executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possiblo when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, only Section IA and Section 5 need be completed. 

Section 1 
(A) Owner of w e l l _ . E ^ 

Street and Number L^SiagtiCfo-

City ___ . State . 

Well was drilled under'Permit No IQ 

. Vi % yt^"£Beeti6il!f:'^3:ffi._..Twp .....Rg?,£\-§£a.. 

-l^aHd is looate§rSii the 

(B) Drilling Contractor-

Street and Number 

City 

fog 7!W, 
KQ-

. License No.. 

State . 

Drilling was commenced.. 

Drilling was completed-
(Plat of 010 acres) " 39 00 

Elevation at top of casing in feet above sea levc i^ ILi l f iX 

19 

.Total depth of welL M_J£fe» 
State whether well is shallow or artesian 

Seotion 2 PRINCIPAL WATER-BEARING STRATA 

Depth to water upon completion.. 

No. 
Depth in Feet Thickness ln 

Feet ' ? 
Description of Water-Bearing Formation No. 

Thickness ln 
Feet ' ? 

Description of Water-Bearing Formation 

1 

2 112 iu k 
3 13S U? n 
4 • IM- iW h 
5 ' 190. is stasia 

Section 3 RECORD OF CASING 

Tflr 
j . Threnfls 
A- tn 

Depth 
Feet Type Shoe Perforjittons 

Tflr 
j . Threnfls 
A- tn qjop Bottom 

Feet Type Shoe 
21 'TO 

Section 4 RECORD OF MUDD1NG AND CEMENTING 

Depth ln Feet Diameter 
Hole la in. 

Tons 
Clay 

No. Sacks of 
Cement Methods Used 

Prom To 

Diameter 
Hole la in. 

Tons 
Clay 

No. Sacks of 
Cement Methods Used 

Section 5 

Name of Plugging Contractor 

Street and Number : 

Tons of Clay used 1.. .Tons of Roughage used. 

Plugging method used — 

Plugging approved by: 

PLUGGING RECORD 

City-

—License No-

State: 

Type of roughage-

-Date Plugged -19-

Cement Plugs were placed as follows: 

IMS 
Date R e c e i v p f - f t - ^ - g ^ g ^ 

No. 
Depth of ?lug 

No. of Sacks Used No. 
From To 

No. of Sacks Used 

•r 

File No. ..Use- Location No. Zt£'-s^/.^g.-jP:. 

1 :n : i: 



Section 6 LOS OF WELL 

Depth ] 
From 

n Feet • 
To 

Thickness 
In Foot Color Type of Material Encountered 

0 •2 • • • 2 So i 1 • 

2 8' 6 CH arVhi f> 

8 12 l+ •• Bolder 
12 28 16 C l i o h i e 
28 70 k2 Sandy Clay 
70 7.6. 6 ' Water, Sand 

76 82 6 Sandy Clay 
82 . 91)- 12 Q\2ick Sand 

9% l l ? 18 Sandy Clay 
112 116 i t Sand 
116 132 16 Sandy Clay 

132 137 5 Sand 

137 16 lr 27 Sandy Clay 

16tf 168 rr Sand 
168 • 178 10 Sandy Clay 

178 190 12 Band 

190 20? IS­ Clay-
205 215. IO Clay & Brave l 

21? 216' • 1 Rfid Tted 

- • i s m -— 
Dspih to K. r , r 

| nr- Nn 

Hvrlro Survey FUld CHBCK 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor­
rect record of the above described well, 

. ^ d ^ J h i A ^ . _ 
Well Driller 

STORM •:->T'l^i- - n , C M 

fnhrp.-j.to-d Uom loco. Shoot 

Determined by Inst. Leveling 
Other 
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ABO leak 
UnitG, Sec. 1,T17S,R36E 

Calculation of Lovington Abo Spill Height, SB-1 

Calc. Chloride load in kg./mA2 (From calc, see other sheet) 
Area of spill in f t A2 (Field measurements, ROC) 
Area of spill in m A 2 
Totlal Cl in mg. ( = Cl load * area ) 
Cone, of the spill mg.(CI)/cmA3 (from field test) 
Volume of spill in liters ( = (Total Cl * 1000 )/ Cone.) 
volume of spill in ft. A3 
height of spill in inches (= vol.of spill / area ) 
height of spill in cm. 

19.228 
30818 

2866.84445 
55123685085 

247.04 
223136.6786 
7878.956122 
3.067930218 
7.783354922 

Barrel size 42 

theta_v assumed .15 

Vol. in barrels, 1 4 0 3 3 9 2 

assumes a 
barrel is 42 gal. 

Calculated Chloride load at SB-3 

Soil Bore #3 Soil density Kg./mA3 

Pepftfrgs(ft [CQ ppm 

Depth in 
ft. 

Cl. in each layer 
in kg. 

3 647 1858 3 1.194808711 
4 1023 1858 1 0.629721438 
5 1018 1858 1 0.626643621 
6 947 1858 1 0.582938614 
8 733 1858 0.902416059 
9 700 1858 1 0.430894435 
10 736 1858 1 0.45305472 
11 533 1858 1 0.328095334 
12 432 1858 1 0.265923423 
13 396 1858 1 0.243763137 
14 301 1858 1 0.185284607 
15 256 1858 1 0.15758425 

Total CL. in kg./mA2 for SB-3 6.00112835 

Calculation of Lovington Abo Spill Height, SB-3 

Calc. Chloride load in kg./mA2 (From calc.) 
Area of spill in f t A2 (Field measurements, ROC) 
Area of spill in m A2 
Totlal Cl in mg. ( = Cl load * area ) 
Cone, of the spill mg.(CI)/cmA3 (from field test) 
Volume of spill in liters (= Total Cl / Conc.MOOO) 
volume of spill in ft A 3 
height of spill in inches (= vol.of spill / area ) 
height of spill in cm. 

6.00112835 
30818 

2866.84445 
17204301503 

247.04 
69641.7645 

2459.050705 
0.957512118 
2.429213224 

theta_v assumed .15 

Vol. in barrels, 4 3 8 0 0 3 8 

assumes a 
barrel is 42 gal. 

The SB-3 spill data was used in the HYDRUS-1D runs to calibrate the model to the soil. For 
the long time run with the adjusted soil, the chloride load at SB-1 was installed as the initial 
condition in the soil profile. This adds the chloride load from the earlier spill to the long time 
simulation. 

i 
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1.0 FACTORS INFLUENCING THE 

MIGRATION OF CHLORIDE FROM A 

RELEASE 
Chloride ion migration is controlled by a combination of factors 
related to the vadose zone, the aquifer and the characteristics of a 
release. Eleven factors control chloride ion migration. Here we 
discuss how these factors affect the movement of the chloride ion 
through the vadose zone and in the aquifer. 

1. Vadose Zone Texture 

The proportion of sand, silt, and clay in a soil or sediment defines 
vadose zone texture. Texture affects the flow of water and the 
transport of dissolved chloride. In the vadose zone, fine-grained 
layers containing silt and clay, which generally have relatively 
high moisture content, can often transmit water more quickly 
than drier coarse-grained units containing sand and gravel. A 
vadose zone composed of layers of fine-grained and coarse-grained 
units will often transmit water more slowly than a homogeneous, 
fine-grained profile. In the unsaturated zone, open fractures do 
not transmit water. 

2. Water Content in the Vadose Zone 

The soil moisture content is the volumetric fraction of water in a 
soil or sediment. Climate and soil texture influence soil moisture 
contents. Wetter, more humid environments result in higher 
moisture contents. Fine grained and heterogeneous soils retain 
water better than coarse-grained, more homogeneous soils. There­
fore, the more heterogeneous and finer grained the material, the 
greater the water content. 

The water content of a soil or sediment affects its ability to trans­
mit fluids because the hydraulic conductivity increases with in­
creasing water content. The hydraulic conductivity of a sandy 
soil with water content of 20% can be 1,000 times greater than 
the same soil in an arid climate where water content is only 5%. 
Although chloride ion from a release may migrate much faster in 
a wet soil profile, the natural water in the soil also dilutes the 
chloride concentration and provides some mitigation of its effects 
on ground water quality. 



of release volume, topography, and climatic conditions (i.e., pre­
cipitation and evapotranspiration). Although other vadose zone 
models exist that satisfy this criterion, we selected HYDRUS-lD 
over other models for the following three reasons: 

1. It can simulate water and solute transport through 
heterogeneous porous media: horizons and sediments of 
varying geology; 

2. It can incorporate daily climatic data; and 
3. We are familiar with the model. 

Dr. Jirka Simunek of our team developed the HYDRUS-iD 
model with his colleagues Dr. van Genuchten and Dr. Sejna; Dr. 
Jan Hendrickx, another team member, has used the HYDRUS-
iD model for many years for evaluation of groundwater re­
charge and salt movement through the vadose zone. 

2.2 SATURATED ZONE MODEL: MIXING MODEL AND MODFLOW 

As stated, the objective of this part of this study is to evaluate the 
impact of choride releases on ground water quality as measured 
in a well adjacent to and down gradient of the release. The chlo­
ride flux leaving the vadose zone, the horizontal flux in the un­
confined aquifer, the original chloride concentration in the ground 
water, and the thickness of the unconfined aquifer also affect the 
chloride concentration of the aquifer. Since the water flux seep­
ing from the vadose zone and its chloride concentration vary with 
time, no simple analytical solutions are available for determina­
tion of the time-varying chloride concentration in the well. 

Therefore, we implemented a simple spreadsheet ground water 
mixing model for the determination of the chloride concentration 
in the well. This mixing model uses the output of the HYDRUS-
iD model as input. We have to define the aquifer volume, (the 
mixing compartment underneath the spill) as a first step in the 
ground water mixing modeling process. Assuming a circular spill 
area and a unidirectional horizontal flux in the aquifer, the high­
est impact will occur where the ground water has the longest ex­
posure to the incoming chloride from the vadose zone. This takes 
place along the diameter of the circular spill. Therefore, the length 
of the mixing compartment is made equal to the diameter of the 
spill area, D. The depth of the mixing compartment is the thick­
ness of the aquifer, H. The width, W, of the mixing compartment 
is taken equal to unity (one) to simplify the calculations. 
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Now we will develop the relation between the water flux seeping 
out of the vadose qv, the chloride concentration in the vadose zone 
flux , C, the horizontal flux in the aquifer underneath the release 
entering the compartment, q i n the original chloride concentra­
tion in the aquifer, C.n, the horizontal flux in the aquifer under­
neath the release leaving the compartment, qo u t, and the chloride 
concentration of the aquifer flux leaving the area underneath the 
chloride ion release, C t. The latter concentration is the one that 

' out 

will be monitored in the down gradient well. We make the fol­
lowing reasonable assumptions to determine Cmt: 

1. Ground water flow is in steady state. The discharge entering 
into the mixing compartment from the vadose zone, qHDHW, 
plus the horizontal discharge in the aquifer entering the mixing 
compartment at its up-gradient side, q.HHHW, are equal to the 
discharge leaving the mixing compartment, qoutHHHW. 

2. Changes in thickness of the saturated aquifer are small 
compared to the total thickness of the aquifer H. 

3. The thickness of the aquifer, H, and its porosity, n, are 
constant. 

4. Mixing of the chloride entering the mixing compartment is 
complete and immediate. This assumption appears invalid from 
data published in the recent literature (LeBlanc et al., 1991; Zhang 
et al., 1998). We can use the results of the mixing model as an 
excellent indicator of the mean chloride concentration in a supply 
well penetrating the aquifer underlying the release, but not as an 
indicator of the chloride distribution in the aquifer. 

The volume of the mixing compartment, V, will be constant 
under these assumptions, and is equal to: 

V = D x H x W x n (2-1) 

The water balance of the mixing compartment is equal to: 

q^x HxW+ qvxDxW = qwt xHxW 
( 2 - 2 ) 

We can eliminate variable W from Eqs. [2-1] and [2-2] by 
putting W= 1 m. 



The chloride balance of this mixing compartment during any 
time period dt is: 

XC*. XH + q.x-C, xD)-(q,„ x H + q,x D)xC^]* = [DxHxn^C 

(2-3) 

where dC is the change of chloride concentration occurring 
during time period dt. 

Rearranging Eq. [2-3] we obtain the ordinary differential 
equation: 

dC _qmxCinxH + qvxCvxD-(qinxHxqvxD)xCoul 

dt HxDxn 

(2-4) 

As soon as chloride from the release enters the ground 
water, the volume average concentration in the mixing 
compartment is C m t after complete mixing has occurred. 
Thus the chloride concentration of the water leaving the 
department, C , becomes: 

C - Cou, and dC = dC0Ut 

(2-5) 
Therefore, we can convert Eq. [2-4] in a forward finite 
difference expression: 

C - C , _qLxC;nxH + q:xC:xD-^nxH + q:xD)xC:u 

tM-t' HxDxn 

(2 -6 ) 

which yields an explicit expression for C 1+1 

out > 

,1+. _ r , , bLxClxH + qlxClxD-iglxH + qixDjxcM^-t'] 
c 

HxDxn 
(2-7) 

Using the output from HYDRUS-lD: the chloride concentra­
tion, CJ, of the water, qj , entering the ground water table on 
day, F, we have put into a spreadsheet the mixing model of Eq. 



[2-7]. By changing the values for spill diameter, D, ground 
water flux, qin, original chloride concentration in the aquifer, 
Cin, and the aquifer thickness, H, we have evaluated the effect of 
these four factors of an unconfined aquifer. 

Figure 2-1 Comparison between MODFLOW and the Mixing Model 
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Figure 2-1 presents two comparisons between the chloride 
concentrations in the well located down gradient of the entry 
point of the release obtained with the mixing model Eq. [2-7] 
and those obtained with the model MODFLOW. The two com­
parisons deal with two complete different sets of environmental 
and release factors. In Shreveport the vadose zone texture is 
clay, the dispersion length 0.1 m, release chloride concentra­
tion 10,000 ppm, spill height 0.6 m, and aquifer flux 0.05 m/ 
day. In Hobbs, vadose zone texture is sand, dispersion length 
2.0 m, release chloride concentration 100,000 ppm, spill height 
0.025 m, and aquifer flux 0.004 m/day. The maximum chlo­
ride concentrations predicted by the two models is quite simi­
lar, although the time of arrival to the maximum concentra­
tion is different between the two models. We have conducted 



this part of the study using the less expensive mixing model 
Eq. [2-7]. (Our approach using HYDRUS-iD in combina­
tion with MODFLOW and Eq. [2-7] is valid for situations 
where the vadose zone seepage flux, qv, is downward. A down­
ward flux in the vadose zone is always found in the profiles 
with a deep ground water table depth. However, in the pro­
files with a ground water table depth between o - (+/-) 10 
m an upward flux from ground water table towards the soil 
surface does occur as a result of capillary rise. The magni­
tude of the upward capillary flux depends on soil type and 
climate. 

A large amount of precipitation enables the downward vadose 
zone flux to dominate the chloride transport in both the sandy 
and clayey soil in the humid climate of Shreveport. Occasion­
ally in the clayey soil an upward flux is encountered during 
short periods without rain. 

An upward flux is sometimes found in the sanyd soil but is 
prevalent in the clay soil in the arid climate of Hobbs. For 
example, when the ground water table depth is 3 m, the average 
upward flux in a clay profile would be 0.04 cm/day or 13.5 cm/ 
year; this upward capillary flux causes the chloride and soil 
water from the release to stay in the vadose zone and protects 
the ground water from impairment. In hydrogeological situa­
tions where capillary rise is common, vadose zone water move­
ment towards ground water is sporadic. However, a big storm 
can push chloride ion into a shallow aquifer very quickly. 

There is a strong dynamic interaction between all eleven factors, 
outlined in section 1.1., when water leaving the vadose zone, qv > 

changes direction frequently in response to precipitation events 
(downward movement) and evapotranspiration (upward 
movement). In dry climates with shallow ground water (less 
than 3 m), upward movement of ground water into the vadose 
zone thnce to the atmosphere is common. The only manner to 
correctly simulate the interaction between these factors is by 
employing a two- or three-dimensional model, such as 
HYDRUS-2D. However, since the main objective of this study 
is ground water impairment and the effect of capillary rise in 
diminishing the leaching of chloride to the ground water, and is 
not the chloride ion concentration in the root zone, we used the 
mixing model Eq. [2-7] for ground water table depths of 3 m. 
We used the equation only for downward fluxes and made it 
inactive when the vadose zone flux qv, goes upward. It was 



initiated again with the next occurrence of a downward flux, qv, 
taking the Cout value of the previous occurrence of a downward 
q . In this manner a conservative estimate is obtained of the 
chloride concentration in the monitoring well assuming perfect 
mixing for shallow groundwater tables. 
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3.0 SENSITIVITY ANALYSIS OF 

FACTORS DETERMINING CHLORIDE 

ION FATE 

3.1 PURPOSE 

After a brine release, the concentration of chloride in the vadose 
zone decreases with time and distance traveled through the va­
dose zone towards ground water because of dilution with ambi­
ent soil water. Further dilution occurs in the aquifer after the 
chloride reaches the ground water. The maximum chloride con­
centration occurring at a well down gradient from the release will 
depend on all the factors that affect chloride transport through 
the vadose zone and shallow aquifer. Understanding these fac­
tors is critical for the design and implementation of a site charac­
terization program after a chloride ion release. The degree of 
ground water quality impairment determines to a large extent 
the need for a ground water remedy. The purpose of this sensitiv­
ity study is to evaluate which of the eleven factors have the great­
est effect on prediction of maximum chloride concentration in 
the well down gradient of the release. 

3.2 MODELING SPECIFICS 

We needed to optimize our simulation efforts in order to obtain 
the maximum amount of information from the modeling. Sta­
tistics of experimental designs (e.g. Law & Kelton, 2000; Snedecor 
& Cochran, 1967; Steel & Torrie, 1980) allow us to decide which 
combination of factors to simulate so that the desired informa­
tion can be obtained with the lowest possible number of simula­
tions. 

The factors used in experimental design statistics are the input 
variables to our simulation models. The outputs of our simula­
tions are the responses. The responses that we consider in this 
study are the maximum chloride concentration, Cmax> occurring 
in the well and the time at which the maximum chloride concen­
tration reaches the well, T . 

' max 

We have opted for a 2k factorial design that requires us to choose 
two levels of each factor in this study. This design results in a 
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total of 2k simulation runs, where k is the number of factors. We 
chose the two values for each factor so that they represent two 
opposite conditions such as an arid and a humid climate. The 
factors can be qualitative like climate or quantitative like depth to 
ground water. The two input values should not be too extreme or 
unrealistic. Additionally, the two values should not be too similar 
or the simulations may not adequately evaluate important as­
pects of the transport process under consideration. The 11 factors 
of this sensitivity analysis (see Table 3-1) resulted in 211 or 2,048 
different chloride ion release scenarios. 

3.2.1 VADOSE ZONE FACTORS 

Climate 
We selected the two con­
trasting climates of Lea 
County, New Mexico, 
and Shreveport, Louisi­
ana for the sensitivity 
analysis. Lea County is 
located in the arid south­
west, and Shreveport is in 
the humid south. Lea 
County's annual precipi­
tation and potential 
evapotranspiration is 14 
inches and 59 inches, re­
spectively, while annual 
precipitation and poten­
tial evapotranspiration 
for Shreveport is 46 

Table 3-1: Vadose zone, aquifer, and 
brine release factors determining 
maximum chloride concentration 
arriving at a monitoring well down 
gradient. 

Factor Factor Factor Maximum Chloride 
Concentration 

# Description Abbreviation Decrease Increase 
1 Climate clim Arid Humid 
2 Soil Texture soil Clay Sand 
3 Initial Water Content wcin Wet Dry 

4 Chloride Dispersion Length disp 2.0 m 0.1 m 

5 Ground Water Depth gwl 30 m 3 m 

6 Ground Water Flux qaq 0.05 m/day 0.001 m/day 

7 Ambient Aquifer Cl cin 0 ppm 100 ppm 
Concentration 

8 Aquifer Thickness thick 30 m 3 m 

9 Release Volume vol 100 barrels 10,000 barrels 

10 Release Height depth 0.025 m .6m 
11 Release Chloride ckon 10,000 ppm 100,000 ppm 

Concentration 

10*11 Release Chloride Mass clmass 250 g/m2 60,000 g/m2 

inches and 67 inches, respectively. Lea County and Shreveport 
also differ in how precipitation occurs. In Lea County, the major­
ity of precipitation occurs during the "monsoon" of July-August 
and much of the remainder of the year resembles drought condi­
tions. Shreveport's precipitation falls throughout the year. 

Vadose Zone Texture 
We selected sand and clay as contrasting soil textures for the sen­
sitivity analysis. Sand and clay differ not only in grain size but 
also in their ability to retain and transmit water. Sand has a rela­
tively high-saturated hydraulic conductivity and low water re­
tention; whereas clay has a relatively low saturated hydraulic con­
ductivity and high water retention. 
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Water Content in Vadose Zone 
We hypothesized that higher initial water content in the vadose 
zone would result in slower chloride ion movement because the 
initial moisture must be displaced before the chloride ion can move 
downward through the vadose zone. We used HYDRUS-iD to 
predict initial water contents for both vadose zone textures in both 
Lea County and Shreveport. We used these predictions as initial 
conditions in the sensitivity analysis. 

We ran simulations for one hundred years or until we achieved 
dynamic equilibrium between soil water content and climatic con­
ditions for both the wet and dry initial conditions. To create wet 
conditions, we ran simulations without any vegetation (low evapo­
transpiration); and ran simulations with vegetation (high evapo­
transpiration) in dry conditions. We used evergreen plants ca­
pable of transpiring soil water all year round with a 3 meter (~io 
ft) deep root zone. Transpiration of soil water created a drier soil 
profile than simulations without vegetation. 

Dispersion Length of Chloride in Vadose Zone 
For the sensitivity analysis, we selected minimum and maximum 
chloride dispersion lengths of 0.10 m (0.33 ft) and 2.0 m (6.6 ft), 
respectively. The larger dispersion length will produce greater 
mixing of chloride ion with ambient soil water in the vadose zone, 
and it is expected to result in a lower maximum chloride concen­
tration in the well. Conversely, the smaller dispersion length will 
result in minimal mixing, e.g. minimal attenuation of the release, 
and larger maximum chloride concentrations. We based our se­
lection of dispersion lengths on values reported in the literature 
(Gelhar, 1993)-

Depth to Ground Water 
Deep ground water allows for more storage of chloride ion and 
more attenuation of the maximum chloride concentration dur­
ing its downward migration. We selected ground water depths of 
3.0 m (9.8 ft) and 30 m (98 ft) for the sensitivity analysis. These 
depths represent reasonable values for a shallow and deep aqui­
fer, respectively. 

3.2.2 AQUIFER FACTORS 
Ground Water Flux 
Ground water flux represents the rate of ground water move­
ment and effects the ability of an aquifer to dilute chloride and 
other constituents of a chloride ion release. A large ground water 
flux produces greater dilution. 



We based our selection of minimum and maximum groundwater 
fluxes on literature values for the Ogalalla aquifer, Southern Lea 
County, New Mexico (Native and Smith, 1987). We used 0.10 
cm/day (0.0033 ft/day) and 5.0 cm/day (0.16 ft/day) as mini­
mum and maximum values, respectively. The maximum flux is 
lower than some of the ground water fluxes reported in the litera­
ture (e.g. 40 cm/day by Zhang et al., 1998) and, thus, is a conser­
vative estimate. 

Aquifer Ambient Chloride Concentration 
We selected ambient chloride concentrations for ground water of 
o ppm and 100 ppm. One hundred parts per million or less is 
typical for ground water of the Ogallala aquifer (Nicholson and 
Clebsch, 1961) and the Carrizo-Wilcox aquifer in Caddo Parish, 
Louisiana (Rapp, 1992). Although 10-ppm chloride is a more 
characteristic minimum value for the Ogallala and Carrizo-Wilcox 
aquifers, we selected 0.0 ppm to create a greater difference be­
tween minimum and maximum chloride concentrations of ground 
water. 

Aquifer Thickness 
The thicker the aquifer, the more opportunity for mixing (dilu­
tion), and the lower the predicted chloride concentration will be 
in the aquifer. We selected two aquifer thicknesses, 3.0 m (9.8 ft) 
and 30 m (98 ft). Three meters are approximately equal to the 
length of most well screens used to monitor the chloride changes. 
Therefore, an aquifer thickness of 3 meters provides a good esti­
mate of expected chloride concentrations at a monitor well in a 
thicker aquifer under conditions of limited vertical mixing. Many 
unconfined, alluvial aquifers are greater than 30 m thick, but we 
have selected 30 m as the maximum value. A 30 m thick satu­
rated sandy formation with a hydraulic conductivity of at least 
0.0005 rn/s (140 ft/day) is classified as a good aquifer (Freeze 
and Cherry, 1979). 

3.2.3 CHLORIDE ION RELEASE FACTORS 

Release Volume 

We used minimum and maximum release volumes of 100 bbl (16 
m3) and 10,000 bbl (1,600 m3), respectively. These release vol­
umes are representative of large and very large releases based on 
the experience of oil and gas industry personnel. 



SPILL AREA 

In the one-dimensional HYDRUS-iD model we used only spill 
height as an input variable. The spill volume was introduced into 
the mixing model using the diameter of the spill. For example, a 
ioo barrel release resulting in a chlo-
ride ion release of 0.025 m height with 
circular shape will have a diameter of 
29 m while a release of 0.6m height 
will have a diameter of only 6m (Fig­
ure 3-1). Table 3-2 summarizes the 
four chloride ion release areas evalu­
ated with the mixing model. These 
four release areas are combinations of 
the two spill heights (0.025 and 0.6 
m) and two release volumes (large: 
100 barrels and very large: 10,000 
barrels). 

Figure 3-1. Schematic of Two Possible 
Brine Release Characteristics After a 
Release of 100 Barrels. 

SPILL VOLUME 100 BARRELS 

o 

SPILL HEIGHT 2.5 cm 
29 m 

We represented all spill areas as circles, 
and then, used the mixing model to 
evaluate mixing along the diameter 
of each circular spill (see Table 3-2). 
The diameter of each circle represents 
the longest path groundwater must flow beneath each release area, 
and thus provides a conservative estimate of groundwater quality 
impairment at a well immediately down gradient of a release. 

Chloride Concentration of Release 
We selected chloride concentrations of 
10,000 and 100,000 ppm, as the 
minimum and maximum concentra­
tions for the chloride ion release input 
parameter in consultation with 
experienced professionals. These 
concentrations are representative of 
most chloride ion releases. 

60 cm 

6 m 

Table 3-2. Characteristics of 
brine releases in this study. 

Volume Depth Area Diameter 

Barrels m 3 m m acres m 

100 

10000 

16 

1600 

0.025 
0.6 

0.025 
0.6 

640 
26.67 
64000 

2666.67 

0.16 
0.007 

16 
0.7 

29 
6 

285 
58 

The mixing model does not consider density differences between 
the density of the chloride ion arriving at the aquifer and the 
density of the water in the aquifer. These differences (even if 
small) may cause chloride ion to sink in an aquifer (LeBlanc et 
al., 1991; Zhang et al., 1998) and would influence the distribu­
tion of chloride ion in the aquifer. Since our approach assumes 
complete mixing in the aquifer, the chloride distribution is not 
taken into account. Water extracted from a well by bailing or 
pumping typically would represent a well mixed sample. The 
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results of the mixing model help to identify environmental and 
release characteristics that cause groundwater quality impair­
ment and provide a measure of the overall impact of a chloride 
ion release on an aquifer. 

Height of Spill 
We selected 0.025 m (1 inch) and 0.6 m (2 ft) as the minimum 
and maximum spill heights, respectively, of brine water on the 
land surface, based on observations of oil and gas industry 
personnel. A 0.6 m (two-foot) height represents a discharge of 
1600 m 3 (10,000-bbls) of chloride ion to a 2670 m2 (0.7 acre) 
bermed area or large depression. Releases to flat or gently 
sloped areas are likely to result in initial heights of 0.025m (an 
inch) or less. 

Chloride Mass 
Table 3-1 presents a final factor, "Release Chloride Mass". This 
factor, which is the product of "Release Height" and "Release 
Chloride Concentration", is the mass of chloride released to the 
ground surface per unit area. As Table 3-1 shows, a chloride ion 
release (see Release Chloride Concentration) of 100,000 ppm 
chloride that ponds to a depth of 0.6 meters (see Release 
Height) causes a subsurface chloride input of 60,000 grams per 
square meter (the Release Chloride Mass). 

3.3 SIMULATION RESPONSES 

The simulations with the HYDRUS-iD code and the mixing model 
yield large amounts of information about the flow of water and 
the transport of chloride through the vadose zone and the under­
lying aquifer. As mentioned above, we have selected two critical 
response variables for the sensitivity analysis: (i) the maximum 
chloride concentration in a down gradient monitoring well, Cmax, 
and (ii) the time of arrival of the maximum chloride concentra­
tion at the monitoring well, Tmax. 

Maximum Chloride Concentration 
The maximum chloride concentration defines the center of mass 
of a release as it migrates through the vadose zone into the aqui­
fer and reaches a well. For this reason, we used the maximum 
chloride concentration, Cmax, to identify those factors listed in Table 
3-1 that have a significant influence on chloride migration through 
the vadose zone and the aquifer as the release moves toward the 
well. Evaluation of Cm can also identify the environmental con-



ditions that result in significant attenuation of chloride ion. For 
example, for those simulations where C is much less than the 

* 7 max 

original chloride concentration of released chloride ion, environ­
mental factors cause significant chloride ion attenuation. Addi­
tionally, an evaluation of Cm a x can be used to identify release sce­
narios that pose little or no threat to groundwater quality. For 
instance, simulations that predict a C less than the EPA Sec-

7 r max 

ondary Water Quality Standard of 250-ppm chloride will not cause 
water quality impairment. On the other hand, when predictions 
of C are greater than 250-ppm, ground water quality may be 
threatened by the release. Thus, the maximum chloride concen­
tration in the well informs us about the risk for ground water 
impairment and its severity. 
Time of Arrival of Maximum Concentration at the Well 
Time of arrival of maximum concentration, T . is the time re-

7 max7 

quired for the chloride center of mass to reach the well. It dictates 
the urgency to implement a field investigation and possible rem­
edy. A relatively rapid response is required if simulations suggest 
a chloride concentration of 250 ppm or more at a well within a 
few years. However, when input factors combine to predict that 
decades or centuries are required for a well to show ground water 
impairment, an immediate ground water investigation may be of 
little value. 

3.4 STATISTICAL ANALYSIS OF THE RESPONSES AT MONITORING 
WELL 

Following the statistical 
approach by Law & Kelton 
(2000) for simulation model­
ing and analysis, we deter­
mined the impact of each 
factor presented in Table 3-1 
on the migration of chloride 
ion through the vadose zone 
and aquifer. We did this by 
inspecting the effect of each 
factor on the maximum 
chloride concentration in a 
down gradient well, Cmax, and 
the arrival time of this con­
centration, T , at the well. 

Table 3-3. Main effects of the vadose 
zone, aquifer, and brine release factors 
on the maximum chloride concentration 

Factor Effect on Cmax 
ppm Relative Effect 

Height of Brine Release 4,340 1 
Release Chloride Concentration 4,017 o.93 
Thickness of Aquifer 3,237 0-75 
Soil 2,070 0.48 
Aquifer Flux 1,994 0.46 
Dispersion Length 1,545 0.36 
Climate 1,184 O.27 
Ground Water Depth 1,081 0.25 
Volume of Brine Release 932 0.21 
Ambient Cl Concentration 76 0.02 
Initial Water Content of Soil 25 0.01 

i?s§§ 21 
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3.4.1 MAXIMUM CHLORIDE CONCENTRATION 
Table 3-3 presents the sensitivity of Cm a x to each of the 11 factors 
considered in this study (Table 3-1). The factors are sorted ac­
cording to their impact on Cm a x in Table 3-3. The most important 
factors are the Height of Chloride ion Release and the Release 
Chloride Concentration. Changing the Height of Chloride ion 
Release from 0.025 to 0.6 m while holding all other factors fixed 
results in an average increase of maximum chloride concentra­
tion of 4,340 ppm. Changing the Release Chloride Concentration 
from 10,000 to 100,000 ppm results in an average increase of 
4,017 ppm in maximum chloride concentration in the well. The 
absolute concentration values depend on the set up of the simula­
tion experiment. We have added the relative effects of each factor 
in Table 3-3. The factors Height of Chloride ion Release and Re­
lease Chloride Concentration have relative effects of 1.00 and 0.93 
respectively, much higher than of any other factor. The predicted 
difference in C due to the difference in Release Chloride Con-

max 

centration is 93% of predicted difference for the Height of Chlo­
ride ion Release. The predicted difference in Cmax for the two 
climate's indices, however, was only 27% of predicted difference 
for the Height of Chloride ion Release. As Table 3-3 shows, Initial 
Water Content of Soil exerts the smallest influence on the predic­
tion of C . 

max 

The two most important factors, Height of Chloride ion Release 
and the Release Chloride Concentration, determine the Mass of 
Chloride entering the soil surface during a release. If the Height 
of Chloride ion Release or the Release Chloride Concentration in­
creases, the Mass of Chloride increases and consequently, the 
maximum chloride concentration increases. Because the Mass of 
Chloride appears to be the key factor in determining the maxi­
mum chloride concentration arriving at a down gradient moni­
toring well, we repeated the sensi­
tivity analysis using Mass of Chlo­
ride instead of Height of Chloride 
ion Release and Release Chloride 
Concentration. We eliminated the 
Initial Water Content of Soil in the 
second sensitivity analysis since this 
factor has very little impact on 
C . 

max 

The results of the second analysis 
are presented in Table 3-4 and in 
Figure 3-2. The mean chloride con­
centration of all 256 scenarios with 

Figure 3-2 The effect of nine brine 
release, vadose zone, and aquifer 
factors 
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Mass of Chloride 250 g/m2 is 89 ppm and that of all 256 scenarios 
with Mass of Chloride 60,000 g/m2 is 8,446 ppm (See Figure 3-
2). The difference between these two values is 8,357 ppm, which 
is the predicted sensitivity of the maximum chloride concentra­
tion for an increase of factors fixed. 

The Thickness of 
Aquifer also has a 
large impact with 
a sensitivity of 
5,632 ppm for a 
change from 3 to 
30 m. All other 
factors are less 
important. For 
comparison, we 
have determined 
the relative im­
pacts of each fac­
tor by dividing 
each affect by the 
influence of the 
Mass of Chloride 
(Table 3-4). The 
most important 
factors Mass of 
Chloride and 
Thickness of 

Table 3-4. Main effects and important 
interactions of the vadose zone, aquifer, 
and brine release factors on the 
maximum chloride concentration 
arriving at the monitoring well Cmax and 
the time of arrival ofthe maximum 
concentration T 

Factor Effect on C m a x Effect on T m a x 

ppm Relative Effect Years Relative Effect 
Main Effects 
Chloride Mass 8357 1 52 0.46 
Aquifer Thickness 5632 0.67 5 0.04 
Soil 3560 0-43 106 o.93 
Aquifer Flux 3525 0.42 7 0.06 
Dispersion Length 2699 0.32 11 0.06 
Climate 2099 0.25 114 1 
Ground Water Depth 1826 0.22 104 0.91 
Volume of Brine Release 1631 0.2 0 0 
Ambient Cl Concentration 82 0.01 44 o.39 
Interaction Effects 
Chloride Mass x Aquifer Thickness 5573 0.67 
Chloride Mass x Soil 3519 0.42 
Chloride Mass x Aquifer Flux 3509 0.42 
Aquifer Thickness x Aquifer Flux 2529 0.3 
Aquifer Thickness x Soil 2509 03 
Soil x Aquifer Flux 1223 0.15 
Soil x Climate 98 0.86 
Climate x Depth Ground Water 95 0.83 
Soil x Depth Ground Water 90 0.79 

Aquifer with relative affects of 1.00 and 0.67, respectively. The 
factors Soil, Aquifer Flux, and Dispersion Length have relative 
affects of 0.43, 0.42, and 0.32, respectively. The factors Climate, 
Ground Water Depth, and Volume of Chloride ion Release have 
much less impact with relative affects of 0.25, 0.22, and 0.20. 
Ambient Chloride Concentration (Relative effect 0.01) has virtu­
ally no effect. 

We know that the predicted maximum and minimum values of 
C for a factor of interest can depend on the values of other 

max r 

factors. Where this is the case, the two factors are said to interact. 
An Analysis of Variance revealed that six interactions affect the 
tBBBamum chloride concentration. These are the interactions be-

Chloride Mass and Thickness of Aquifer, 
Chloride Mass and Vadose zone texture, 
Chloride Mass and Aquifer Flux, 

Ststticg? 12,1011 
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Thickness of Aquifer and Aquifer Flux, 
Thickness of Aquifer and Vadose zone texture, and 
Vadose Zone Texture and Aquifer Flux. 

Table 3-4 shows the relative importance of each interaction and 
the interactions are presented in Figure 3-3. As shown in Figure 
3-3, if Mass of Chloride increases from 250 to 60,000 g/m2 above 
an aquifer with a thickness of 3 m, the maximum chloride con­
centration at the well increases from 118 to 14,501 ppm. The 
same increase of Mass of Chloride occurring above an aquifer 
with a thickness of 30 m causes only a modest chloride increase 
from 60 to 2,757 ppm. In 
a sandy vadose zone, Cmax ^ ^ % # & ^ 
increases from 110 to 
11,985 ppm in response to 
the different chloride loads 
to the ground surface. 
However, different chlo­
ride ion releases to a clay 
result in smaller differ­
ences, 68 to 4,906 ppm, 
but fall within the range 
of responses in a sandy 
zone. 

The implication of the re­
sults of our sensitivity 
analysis is that determina­
tion of Mass of Chloride 
per unit surface area and 
Thickness of Aquifer is critical for the evaluation of ground water 
impairment. Knowledge of Vadose Zone Texture Conditions, 
Aquifer Flux, Dispersion length, Climate, Ground Water Depth, 
and Volume of Chloride ion Release can provide useful additional 
information, while ambient Chloride Concentration and Initial 
Water Content of Soil provide little relevant information. 

The results of the sensitivity analysis cannot be used to directly 
evaluate field sites because they are based on the average change 
of maximum chloride concentration. For each factor, the maxi­
mum chloride concentration exhibits a wide range of values as is 
shown in Table 3-5. 

Figure 3-3. Interaction effects between 
the factors soil, flux in aquifer, thickness 
of aquifer, and chloride load on the 
maximum chloride concentration in a 
downgradient monitoring well. 
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Table 3-5. Statistics of maximum chloride concentrations (ppm) determined 
in the sensitivity analysis. 

Main Effect Level Mean Minimum Maximum 
Mass of Chloride 250 g/m2 89 0 303 

60,000 g/m2 8,446 0 46,633 
Thickness of Aquifer 30 m 1,429 0 15,354 

3 m 7,195 0 46,633 
Soil Clay 2,487 0 37,233 

Sand 6,047 2 46,633 
Aquifer Flux 0.05 m/day 2,505 0 29,779 

0.001 m/day 6,030 0 46,633 
Climate Arid 3,218 0 44,372 

Humid 5,317 0 46,633 
Ground Water Depth 30 m 3,354 0 40,758 

3 m 5,l8l 0 46,633 
Volume of Brine Release 100 barrels 3,452 0 41,603 

10,000 barrels 5,083 0 46,633 
Dispersion Length 2.0 m 2,918 0 25,653 

0.1m 5,617 0 46,633 
Ambient Cl Concentration oppm 4,226 0 46,593 

100 ppm 4,308 0 46,633 

3.4.2 ARRIVAL TIME OF MAXIMUM CHLORIDE CONCENTRATION 
We present the effects of the factors on the arrival time of the 
maximum chloride concentration at the well in Table 3-4. The 
arrival time strongly depends on climate (relative effect of 1.0 in 
Table 3-4), vadose zone texture, and depth of ground water. In 
the arid climate of Lea County, New Mexico, a chloride ion re­
lease will require an additional 114 years (40,515 days) for the 
maximum concentration to arrive at a well than a similar release 
in the humid climate of 
zone texture and 
ground water table ef­
fects are of the same or­
der of magnitude (106 
and 104 years respec­
tively). Other factors 
are less important. Fig­
ure 3-4 graphically dis­
plays this same infor­
mation. Our Analysis 
of Variance identified 
three important inter­
actions that effect the 
length of time required 

Shreveport, Louisiana. The vadose 

Figure 3-4 The effect of nine brine 
release, vadose zone, and aquifer 
factors on the time when the 
maximum chloride concentration 
arrives in a downgradient 
monitoring well. 
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for C to reach a well: 
max 

Vadose Zone Texture and Climate, 
Climate and Depth to Ground Water, and 
Vadose Zone Texture and Depth to Ground Water. 

The lower right section of Figure 3-5 shows that the depth to ground 
water has little effect on the arrival time of Cm a x if the texture of 
the vadose zone is sand. In a clay profile, however, the time of 
arrival is very different: nearly 80,000 days (219 years). This 
same relationship is expressed with the interaction between Cli­
mate and Depth to Ground Water (plotted in the upper right por­
tion of Figure 3-5). In a humid climate, the texture of the vadose 
zone has little impact on the arrival time of Cm a x. However, in the 
arid Lea County, a release to a clay profile will require over 200 
years longer for Cm a x to reach a well than the same release to a 
sandy vadose zone would. 

Figure 3-5. Interaction effects between the factors climate, soil, 
and ground water depth on the time when the maximum chloride 
concentration arrives in a down gradient monitoring well. 
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Pr ice , Wayne 

To: 

Sent: 

From: Katie Lee [katie@rthicksconsult.com] 

Thursday, January 22, 2004 11:09 AM 

Wayne Price 

Cc: Kristen at Rice; Carolyn Haynes; Randall Hicks 

Subject: Lovington Abo 

Mr. Price: 

Attached please find our submission of a Lovington Abo work plan. If you have any questions or any trouble with 
this document, please don't hesistate to contact me. 

Best regards, 

Katie 
R.T. Hicks Consultants, Ltd. 
505.266.5004 

1/23/2004 



R. T. Hicks Consultants, Ltd. 
901 Rio Grande Blvd. NW Suite F-142 Albuquerque, NM 87109 505.266.5004 Fax: 505.266.0745 

January 22, 2004 

Mr. Wayne Price 
New Mexico Oil Conservation Division 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 

RE: Abo IG Leak Site: Section 1,17S 36E Unit G 

Dear Mr. Price: 

Rice Operating Company retained Hicks Consultants to address potential environmental 
concerns at the above referenced site. This submission proposes a scope of work that we 
believe will best mitigate any threat to human health and the environment and lead to 
closure of the regulatory file for this site. 

Background 

The Abo IG Discharge Site is located about 6 miles southeast of the center of Lovington, 
New Mexico. Plate 1 shows the location of the site relative to Route 18, the Hobbs-
Lovington Highway. The pipeline failure released produced water with little or no 
hydrocarbons. 

Rice Operating Company (ROC) prepared a Release Notification report that summarizes 
activities to date. Plate 2 shows the geometry of the release and the locations of soil 
borings used to characterize the release. Soil boring SB2 is uphill from the spill site and 
we consider this a "background" location. The soil borings within the area ofthe release 
(#1 and #3) show a decline in chloride 
concentrations from more than 1000 
ppm chloride to background levels 
(about 280 ppm) at 45 feet and 15 
feet below land surface respectively. 
Because the water table lies about 80 
feet below land surface, this observed 
decrease of chloride concentrations 
suggests that the release from did not 
create saturated conditions between 
ground surface and ground water. 

Figure 1 plots the chloride 
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concentration v. depth for Soil Boring #1. This diagram for Soil Boring #1 shows that the 
recent release is the second of two releases at or near this site. This data and that from 
Soil Boring #3 demonstrate that the center of mass from the recent release is at a depth 
of 4-5 feet below land surface. From 13-20 feet below land surface in Soil Boring #1, a 
second center of mass exists. As stated earlier, chloride concentrations decline to 
background levels from 40-45 feet in this boring. ROC confirmed that an earlier release of 
about 10 barrels did occur in the past near Soil Boring #1. 

We conclude that these soil boring data show no evidence of potential ground water 
impairment. The chloride from the releases remains within the vadose zone. Based upon 
our experience with other sites, we hypothesize that the chloride will remain in the vadose 
zone for decades, centuries, or indefinitely. Previous research on the migration and fate of 
chloride conducted by API suggest that any vertical migration of chloride is so slow that 
ground water quality cannot be materially impacted by releases of this magnitude. 
Therefore, we have restricted our proposed activities to reclamation of the surface to its 
original productive capacity and performing simulation modeling to determine if the 
residual chloride mass in the vadose zone poses no threat to ground water quality. 

1. Evaluate Chloride Flux from the Vadose Zone to Ground Water 

We propose to employ HYDRUS1D and a simple ground water mixing model to evaluate 
the potential of residual chloride mass in the vadose zone to materially impair ground 
water quality at the site. We will employ predictions of the migration of chloride ion from 
the vadose zone to ground water then select an appropriate remedy for the land surface 
and underlying vadose zone. The first simulation is the "no action" alternative, which 
predicts chloride flux to ground water in the absence of any action by ROC. 

For this simulation, we will employ the input parameters to HYDRUS and the mixing model 
outlined in Table 1. We will assume that vegetation is not present over the release site 
(no evapotranspiration) and an aquifer thickness of about 35 feet, or whatever value can 
be justified by examination of the literature and nearby well logs. At other sites, we have 
found that chloride can be distributed throughout the thickness ofthe aquifer. 

Table 1: Input Parameters for Simulation Modeling 

Input Parameter Source 
Vadose Zone Thickness - 80 feet Nearby water supply well logs (Appendix A) 
Vadose Zone Texture - caliche and 
sand 

Nearby water supply well logs and on-site 
borings (Appendix A) 

Dispersion Lenqth - Professional iudqment 
Soil Moisture - wet Professional judgment 

Vadose Zone Chloride Load - 19 kg/m2 Appendix B 
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# 

Length of release perpendicular to 
ground water flow - 100 meters 

Field Measurements (see Plate 2) 

Climate Pearl, NM station (Hobbs) 
Background Chloride in Ground Water City of Lovington water system data 

Ground Water Flux Calculated from regional hydraulic data 

Aquifer Thickness Nearby water supply well logs (Appendix A) 

2. Design Remedy and Submit Report 

ROC has completed the repair of the pipeline at the site. We do not anticipate additional 
releases of produced water. Our modeling of similar sites strongly suggests that the 
relatively small residual chloride loading (19 kg/m2, Appendix B) in the vadose zone poses 
a threat to ground water quality. If the modeling described above suggests that a threat 
does exist, we will use the HYDRUS-ID model predictions to develop a remedy for the 
vadose zone. If necessary, we will simulate: 

1. installation of a low permeability barrier to minimize natural infiltration, 

2. surface grading and seeding to eliminate any ponding of precipitation and promote 
evapotranspiration, thereby minimizing natural infiltration, and 

3. a combination of the above potential remedies. 

We will select the vadose zone remedy that offers the greatest environmental benefit 
while causing the least environmental damage. 

Once we determine the most appropriate vadose zone remedy, we propose to 
immediately restore the soil through the addition of fresh water and, if necessary, soil 
amendments to move the identified chloride mass at the 2-5 foot depth to below the root 
zone (6-10 feet below land surface). If necessary, we use HYDRUS ID to simulate this 
addition of fresh water to determine ifany proposed vadose zone remedy might be 
affected by this soil flushing program. The protocol for the soil restoration program is 
simple: 

1. Sample soils to determine if amendments, such as gypsum, will be necessary to 
restore soil structure and permeability. 
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2. If soil amendment is required, we will gently till the surface soil without 
disturbing the underlying caliche to mix the gypsum with the soil. If 
amendments are not required, we will forego tilling and the resultant 
disturbance of the existing soil structure. 

3. Then we cover areas of the spill with black plastic to minimize evaporation and 
apply fresh water to the soil beneath the plastic to flush the chloride from the 
root zone. When possible, we will irrigate beneath the plastic immediately after 
precipitation events or immediately before predicted precipitation events. 
Conducting soil flushing in concert with precipitation events accelerates the 
process and conserves water. 

4. Periodically, we will obtain samples of the soil and underlying material for field 
chloride analyses. When samples demonstrate that fresh water flushing has 
moved the chloride to below the root zone, we will remove the plastic and 
begin the process at another location at the site. 

We plan to commence the HYDRUS1D simulations described above immediately. Your 
approval to move forward with this work plan will speed the implementation of a surface 
remedy because soil flushing is best conducted in winter when evaporation is low and 
precipitation is more widespread and easier to predict. 

Sincerely, 
R.T. Hicks Consultants, Ltd. 

Randall T. Hicks 
Principal 

Copy: 
Rice Operating Company 


