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Price, Wayne, EMNRD 

From: Price, Wayne, EMNRD 

Tuesday, December 11, 2007 12:21 PM 

'dharris@frontierfieldservices.com' 

mark@laenvironmental.com 

Sent: 

To: 

Cc: 

Subject: Frontier Field Services Empire Abo Plant GW-022 

Dear Mr. Harris: 

OCD is in receipt ofthe December 10, 2007 Interim Groundwater report which recommends additional installation 
of monitor and recovery wells. OCD hereby approves of the path forward plan. 

Please be advised that OCD approval of this plan does not relieve the owner/operator of responsibility 
should their operations fail to adequately investigate and remediate contamination that pose a threat to 
ground water, surface water, human health or the environment. Tn addition, OCD approval does not 
relieve the owner/operator of responsibility for compliance with any other federal, state, or local laws 
and/or regulations. 

Wayne Price-Environmental Bureau Chief 
Oil Conservation Division 
1220 S. Saint Francis 
Santa Fe, NM 87505 
E-mail wayne.price@state.nm.us 
Tele: 505-476-3490 
Fax: 505-476-3462 

12/11/2007 
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December 10, 2007 

VIA: Hand Delivery 

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

Re: Interim Groundwater Monitoring Report 
Frontier Field Services, L L C , Empire Abo Gas Plant, (GW-022), 
Unit I (NE/4, SE/4), Section 3, Township 18 South, Range 37 East 
Eddy County, New Mexico 

Dear Mr. Price: 
The enclosed report is submitted to the New Mexico Oil Conservation Division (OCD) on behalf 
of Frontier Field Services, LLC (Frontier) by Larson & Associates, Inc. (LAI), its consultant, to 
convey interim results of groundwater monitoring for the Empire Abo Gas Plant (Facility) located 
in Eddy County, New Mexico. The report presents results of groundwater samples that were 
collected during the first (1 sr), second (2nd) and third (3rd) quarters of 2007, as well as a work plan 
to conduct additional investigations to assess groundwater and vadose zone contamination. Your 
approval of the work plan is requested. Please contact Mr. David Harris with Frontier at (505) 
677-2192 or email dharris@frontierfieldservices.com. if you have questions. 1 may be reached 
with questions at (432) 687-0901 or email mark@laenvironmental.com. 
Sincerely, 
Larson & Associates, Inc. 

Mark J. Larson, P.G., C.P.G., C.G.W.P. 
Sr. Project Manager / President 

Encl. 

Cc: Mike Hicks - Frontier 
Chad Cagle - Frontier 
David Harris - Frontier 
Tim Gum - OCD District 2 

507 North Marienfeld, Suite 202 • Midland,Texas 79701 • Ph. (432) 687-0901 • Fax (432) 687-0456 
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INTERIM GROUNDWATER MONITORING REPORT 
FRONTIER FIELD SERVICES, LLC 
EMPIRE ABO GAS PLANT (GW-022) 

EDDY COUNTY, NEW MEXICO 

Prepared for: 

Frontier Field Services, L L C 
257 Empire Road 

Artesia, New Mexico 
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Prepared by: 

Larson & Associates, Inc. 
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Midland, Texas 
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Interim Groundwater Monitoring Report 
Frontier Field Services, LLC 
Empire ABO Gas Plant (GW-022) 
Eddy County, New Mexico 
December 1,2007 

1.0 INTRODUCTION 

This report is submitted to the New Mexico Oil Conservation Division (OCD) on 

behalf of Frontier Field Services, LLC (Frontier) by Larson & Associates, Inc. (LAI), its 

consultant, to present the interim results of groundwater monitoring at its Empire Abo 

Gas Plant (Facility). Groundwater monitoring was performed in accordance with a plan 

that was submitted to the OCD in the major modification for discharge permit GW-022 

("Major Modification Discharge Permit GW-022, Empire Abo Gas Plant, Eddy County, 

New Mexico, February 8, 2007"). 

1.1 Background 

The Facility is located in unit I (NE/4, SEM), Section 3, Township 18 South, 

Range 27 East, in Eddy County, New Mexico. The Facility is positioned at latitude 32° 

46' 37.4" north and longitude 104° 15' 32.7" west. On December 6, 2006, the OCD 

issued a letter requiring Frontier to submit a major modification for discharge permit 

GW-022 to address technical deficiencies that OCD noted from its review of a renewal 

application submitted by the previous owner, BP America Production Company, on 

August 16, 2004. The OCD required Frontier to submit, among other things, a 

groundwater monitoring plan pursuant to WQCC 20.6.2.3107 NMAC (Monitoring, 

Reporting, and Other Requirements) and a groundwater investigation and abatement 

plan. Figure 1 presents a location and topographic map. Contact information for Frontier 

is as follows: 

Name: Mr. David Harris 
Title: Plant Manager 
Physical Address: 257 Empire Road 

Artesia, New Mexico 
Mailing Address: Drawer 70 

Artesia, New Mexico 88211-0070 
Office Telephone: (505)677-2192 
Fax: (505)677-5152 
Email: dharris@frontierfieldservices.com 
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Frontier Field Services, LLC 
Empire ABO Gas Plant (GW-022) 
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December 1, 2007 

2.0 GROUNDWATER MONITORING SYSTEM 

The groundwater monitoring system consists of twenty-seven (27) 4-inch wells, 

eight (8) nests consisting of a 2-inch well and 1-inch piezometers and five (5) 2-inch 

piezometers. The monitoring wells and piezometers range in depth from approximately 

20.63 feet below ground surface (bgs) at location MW-02-11 to 114.75 feet bgs at 

location MW-03-04. Figure 2 presents a Facility drawing showing the locations of the 

monitoring wells and piezometers. 

Groundwater samples were collected from the wells and piezometers on March 26 

and 27, 2007 (1 s t Quarter), June 18 through 20, 2007 (2 n d Quarter) and September 17 

through 18, 2007 (3 rd Quarter). Groundwater monitoring activities consisted of the 

following: 

• Measuring depth-to-ground water and phase-separated hydrocarbons (PSH) using 
an electronic oil and water interface probe; 

• Collecting groundwater samples from the wells and piezometers (excluding wells 
and piezometers that recorded PSH); and 

• Conducting laboratory analysis for volatile organic compounds (VOC), semi-volatile 
organic compounds (SVOC), dissolved metals (arsenic, barium, cadmium, 
chromium, lead, magnesium, mercury, potassium, selenium, silver and sodium, 
major anions and cations (alkalinity, chloride, nitrate, and sulfate) and total dissolved 
solids (TDS). 

3.0 INTERIM GROUNDWATER MONITORING RESULTS 

3.1 Hydrocarbon Product and Groundwater Flow Assessment 

Measurements of PSH were obtained during each event using a Heron 

Instruments electronic oil and water interface probe that was thoroughly cleaned between 

locations using a solution of potable water and laboratory-grade detergent (Alkonox®) 

and rinsed with distilled water. The measurements were collected from the top of casing 

and are summarized on Table 1. Figure 3, Figure 4 and Figure 5 present apparent PSH 

2 
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thickness measurements from March 26 and 27, 2007), June 18, 2007 and September 17, 

2007, respectively. 

On March 26 and 27, 2007 (Figure 3) the apparent PSH thickness ranged from 0.1 

feet in well MW-03-03 to 3.57 feet in well MW-02-09. On June 18, 2007 (Figure 4) the 

apparent PSH thickness ranged from 0.14feet in well EB-03 to 5.64 feet in well MW-02-

10. On September 17, 2007 (Figure 5) the apparent PSH thickness ranged from 0.007 

feet in well MW-08 to 6.28 feet in well MW-02-10. The PSH occurs beneath the 

Facility, but was also observed southeast of the Facility in well EB-03, which suggests 

that the PSH is migrating with groundwater. 

LAI evaluated the vertical position of the well and piezometer screens using 

hydrographs that were constructed from available well and piezometers records. The 

depth of the screen, groundwater and PSH show that thirteen (13) wells and piezometers 

(MW-02, MW-02-04, MW-02-09, MW-02-11, MW-03, MW-03-03, MW-06, EB-01, 

EB-02, EB-04, EB-05, P-02 and P-05) have screens that are submerged below the water 

table. The submerged screens prevent PSH from entering the well unless the water table 

is lowered. Eight (8) wells and piezometers (MW-02-10, MW-02-12, MW-02-13, MW-

02-14, MW-03-04, MW-04, MW-09, and EB-03) had screens that were submerged below 

the water table, yet PSH was present in the casing. The PH is likely due to capture after 

the water table was lowered during sampling. Appendix A presents the hydrographs. 

Groundwater occurs in the Permian-age Tansil formation (Artesia group), which 

consists of dolomite, limestone and gypsum that is interbedded with sandstone. The 

average depth to groundwater during the monitoring period ranged from approximately 

7.64 feet bgs at MW-7 to 61.55 feet bgs at P-03. The groundwater level was generally 

consistent between events except for minor variations that may be attributed to aquifer 

fluctuation, recharge and discharge. The measurements also suggest that groundwater 

occurs in voids and fractures. Figure 6, Figure 7 and Figure 8 present contoured 
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drawings for depth to groundwater measurements from March 26 and 27, 2007, June 18, 

2007 and September 17, 2007, respectively. 

The general direction and gradient of groundwater flow during the monitoring 

period was from northwest to southeast at approximately 0.04 feet per foot, respectively. 

The groundwater surface was elevated near well MW-07 and may be attributed to 

groundwater movement in voids and fractures. The groundwater elevation was corrected 

for PSH using a specific gravity of 0.70. Figure 9, Figure 10 and Figure 11, present 

corrected and contoured drawings for groundwater elevations observed on March 26 and 

27, 2007, June 18, 2007 and September 19, 2007, respectively. 

3.2 Groundwater Samples 

On March 26 and 27, 2007, June 18 through 20, 2007 and September 17 through 

18, 2007, LAI personnel collected groundwater samples from the wells and piezometers, 

except where PSH was observed. The samples were collected after purging 

approximately three (3) casing volumes of groundwater using dedicated disposable 

polyethylene bailers or pumping with electric submersible pumps. The water was placed 

in a portable tank and discharged to the Facility's process water system for disposal. The 

electric submersible pumps and tubing were thoroughly cleaned between locations by 

washing in a solution of potable water and laboratory grade (Alkonox®) detergent and 

rinsing with distilled water. The samples were collected using dedicated disposable 

polyethylene bailers, which were carefully lowered into wells and the samples gently 

poured into laboratory preserved containers. The containers were sealed, labeled, chilled 

in an ice chest and delivered under chain of custody control to DHL Analytical 

Laboratories, Inc., located in Round Rock, Texas. The laboratory analyzed the samples 

for VOC using method SW-846-8260, SVOC by method SW-846-8270, dissolved 

metals, major ions and anions and TDS. Table 2 presents a summary of the laboratory 

analysis. Appendix B presents the laboratory reports. 
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Benzene, ethylbenzene and xylene are VOC that were reported in samples at 

concentrations above the New Mexico Water Quality Control Commission (WQCC) 

human health standards of 0.01 milligrams per liter (mg/L) 0.75 mg/L and 0.62 mg/L, 

respectively. Benzene was reported above 0.01 milligrams per liter (mg/L) in samples 

MW-02-06, MW-02-07, MW-02-15, MW-02-18, MW-03-01, MW-03-03, MW-07, EB-

03, EB-08 and P-03. The highest benzene concentration occurred in sample MW-02-18 

at 8.08 mg/L (March 28, 2007), 6.63 mg/L (June 19, 2007) and 6.06 mg/L (September 

18, 2007). Benzene was detected in down gradient sample P-03 (0.0154 mg/L) above the 

WQCC standard on September 17, 2007. Frontier will continue to monitor the benzene. 

Ethylbenzene was only reported above 0.75 mg/L in sample EB-08 (1.48 mg/L) 

on June 18, 2007. Ethylbenzene was reported in sample EB-08 at 0.973 mg/L on 

September 17, 2007. Xylene was only reported above 0.62 mg/L in samples MW-02-06 

(0.8112 mg/L) and EB-08 (1.564 mg/L to 2.543 mg/L). Sample EB-08 reported the 

highest xylene concentration (2.543 mg/L) on June 18, 2007. Seventeen (17) other VOC 

were reported at concentrations below available WQCC human health standards. Figure 

12, Figure 13 and Figure 14 present numerical values for benzene concentrations reported 

in the samples on March 26 and 27, 2007, June 18 through 20, 2007 and September 17 

and 18, 2007, respectively. Frontier will continue to monitor ethylbenzene and xylene. 

Naphthalene was only reported above the WQCC human health standard of 0.03 

mg/L in samples MW-03-01 (0.0482 mg/L) and EB-08 (0.0846 mg/L). Seven (7) other 

SVOC were reported at low concentrations, for which no WQCC standards are available. 

Dissolved chromium and selenium were reported above the WQCC human health 

standard of 0.05 mg/L. The chromium was reported in sample EB-04 between 0.0518 

mg/L to 0.0718 mg/L. The Facility is not the source for the chromium since EB-04 is 

cross-gradient and the remaining samples reported no chromium. A producing oil and 

gas well is located near EB-04 and could be a source for the chromium. Frontier will 
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continue to monitor groundwater for chromium. Dissolved selenium was reported above 

0.05 mg/L in sample EB-08 between 0.105 mg/L to 0.0856 mg/L. The source for the 

selenium is not known and Frontier will continue to monitor groundwater for selenium. 

Seven (7) samples (MW-02-02, MW-02-05, MW-08, EB-04, EB-08, P-03 and P-

04) reported chloride above the WQCC domestic water quality standard of 250 mg//L. 

The highest chloride was highest in samples MW-02-02 and MW-02-05 from the north 

end of the Facility. The source for the chloride is not known and Frontier proposes to 

conduct additional investigations to evaluate the area north of the Facility. Chloride was 

also reported above 250 mg/L in sample P-04 (516 mg/L to 618 mg/L) located down 

gradient from the Facility. The source for the chloride in sample P-04 is not known. 

Figure 15, Figure 16 and Figure 17 present contoured drawings for chloride reported in 

samples from March 26 and 27, 2007, June 18 through 20, 2007 and September 17 and 

18, 2007, respectively. Frontier will continue to monitor the groundwater for chloride. 

Sulfate and TDS was reported in all samples above the WQCC domestic water 

quality standards of 600 mg/L and 1,000 mg/L, respectively. The average sulfate 

concentration during the monitoring period ranged from 954 mg/L (MW-03-03) to 

394,000 mg/L (MW-02-05). The average TDS concentration during the monitoring 

period ranged from 2500 mg/L (MW-02) to 569,000 mg/L (MW-02-05). Sulfate and 

TDS were highest in samples MW-02-02 and MW-02-05 from the north end of the 

Facility. Frontier proposes to conduct additional investigations north of the Facility. 

Figure 18, Figure 19 and Figure 20 present contoured drawings for the sulfate reported in 

samples on March 26 and 27, 2007, June 18 through 20, 2007 and September 17 and 18, 

2007, respectively. Figure 21, Figure 22 and Figure 23 present contoured drawings for 

the TDS reported in samples on March 26 and 27, 2007, June 18 through 20, 2007 and 

September 17 and 18, 2007, respectively. Frontier will continue to monitor groundwater 

for sulfate and TDS. 
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4.0 PROPOSED INVESTIGATIONS 

Additional investigations will include an electromagnetic (EM) terrain 

conductivity survey of the area north of the Facility to determine a possible source for the 

chloride, sulfate and TDS. Install wells where submerged well screens and PSH was 

observed to assess PSH thickness and distribution. Calculate PSH thickness from bailout 

tests. Install additional monitoring wells north, west and southeast of the Facility to 

assess groundwater quality. 

4.1 Electromagnetic (EM) Terrain Conductivity Survey 

The EM survey is a qualitative method that measures the electrical properties of 

soil, rock and groundwater The EM measurements are compared to background to 

located areas of elevated conductivity that may coincide with sources for the elevated 

chloride, sulfate and TDS. The EM readings are displayed in millimhos per meter 

(mmhos/m) on a digital receiver console. The EM survey will be performed over an area 

measuring approximately 1800 x 1800 feet and the final area will be determined by the 

observed measurements. The survey will be conducted using EM-31 and EM-34 terrain 

conductivity meters manufactured by Geonics Limited, located in Missasauga, Ontario, 

Canada. The EM-31 meter has exploration capabilities ranging from 0 to approximately 

9 feet bgs in the horizontal dipole (HD) mode and 0 to approximately 19 feet bgs in the 

vertical dipole (VD) mode. The EM-34 meter has exploration capabilities from 0 to 

approximately 25 feet bgs in the HD mode and 10-meter coil spacing, 0 to approximately 

50 feet bgs in the VD mode and 10- meter coil spacing, 0 to approximately 50 feet bgs in 

the HD mode and 20-meter coil spacing, 0 to approximately 100 feet bgs in the VD mode 

and 20-meter coil spacing, 0 to approximately 100 feet bgs in the HD mode and 40-meter 

coil spacing, and 0 to approximately 200 feet bgs in the VD mode and 40-meter coil 

spacing. Initial measurements will be collected using grids measuring approximately 200 

x 200 feet and refined using grids measuring approximately 50 x 50 feet. The EM survey 

results will be presented on colored contoured drawings to show areas of elevated 

conductivity that may coincide with a source for the chloride, sulfate and TDS. 
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Background will be measured at a location that is free of cultural interference (i.e., 

buildings, metal, pipelines, power lines, etc.). Figure 24 presents the proposed EM 

survey area. 

4.2 Hydrocarbon Product Observation and Recovery Wells 

Fourteen (14) wells will be installed to assess the distribution and thickness of 

PSH. The wells will be drilled using a rotary or hollow stem auger rig and advanced to 

depths equal to nearby wells. The wells will be constructed using 4-inch diameter PVC 

casing and screen. The screens will extend from the bottom of the borings to 

approximately 7 feet above the observed groundwater surface. Graded silica sand will be 

placed around screens from the bottom of the borings to approximately 3 feet above the 

screens. The remaining annulus will be filled to approximately 1-foot bgs with bentonite 

chips and the wells will be secured with locking steel above-grade covers anchored in 

concrete. Geological logs will be prepared according to industry standards from samples 

that will be collected for headspace analysis according to OCD guidelines, and possibly 

laboratory analysis. The samples may be analyzed by a laboratory for benzene, toluene, 

ethylbenzene and xylene (BTEX) and total petroleum hydrocarbons (TPH) based on field 

observations and headspace readings. The drill cuttings will be placed on the ground 

adjacent to the wells until disposal is arranged. The wells will be developed to remove 

fine grained material, which will be placed in a portable tank and discharged in the 

Facility's process water system for disposal. A New Mexico licensed professional land 

surveyor will survey the wells for top of casing and ground elevation, which will be 

referenced to a USGS datum. Figure 24 presents tentative locations for the PSH 

observation and recovery wells. 

4.3 Bailout Tests 

Bailout tests will be performed to calculate the actual PSH thickness in the Tansil 

formation. The tests will be performed by bailing as much PSH as possible from the wells 

and recording PSH and groundwater recovery using an electronic oil and water interface 
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probe. The PSH and groundwater measurements will be collected at precise intervals 

until an inflection point is observed. The inflection point occurs when the PSH thickness 

in the well is equal to the PSH thickness in the formation. The actual PSH thickness in 

the formation will be calculated using the method developed by Gruszczenski (1987). 

4.4 Monitoring Wells 

Four (4) monitoring wells will be installed north, west and southeast of the 

Facility to assess groundwater quality. The wells will be drilled using a rotary or hollow 

stem auger rig and advanced to depths equal to nearby wells. The wells will be 

constructed using 4-inch schedule 40 PVC casing and screen. The screens will extend 

from the bottom of the borings to approximately 7 feet above the observed ground water 

level. Graded silica sand will be placed around the screens to approximately 3 feet above 

the screens. The remaining annulus will be filled with bentonite chips to approximately 

1-foot bgs and the wells will be secured with locking steel covers anchored in concrete. 

Geological logs will be prepared according to industry practices from samples that will 

be collected for headspace analysis, according to OCD guidelines, and possibly 

laboratory analysis. The samples may be analyzed for BTEX and TPH based on field 

observations and headspace readings. The drill cuttings will be placed on the ground 

adjacent to the wells until disposal is arranged. Additional wells may be installed based 

on field observations. The wells will be developed to remove fine grained sediment, 

which will be contained in a portable tank and discharged in the Facility's process water 

system for disposal. A New Mexico licensed professional land surveyor will survey the 

wells for top of casing and ground elevation, which will be referenced to a USGS datum. 

Figure 24 presents the approximate locations for the wells. 

4.5 Groundwater Samples 

Frontier proposes to modify the parameter list based on the interim groundwater 

monitoring results. Groundwater sample will be collected from the existing and new 

monitoring wells, excluding wells with PSH, and analyzed for BTEX, dissolved metals 

9 
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(arsenic, barium, cadmium, chromium, lead, magnesium, mercury, potassium, selenium, 

silver and sodium, major anions and cations (alkalinity, chloride, nitrate, sulfate) and TDS. 

Groundwater samples will be collected on a quarterly (4 times per year) schedule beginning 

in January 2008. The samples will be collected after purging the wells using low-flow, 

hand bailing or pumping techniques. The groundwater samples will be carefully 

transferred into laboratory preserved containers from the low-flow pump discharge or 

dedicated disposable bailers, labeled, chilled in an ice chest, delivered under chain of 

custody control to DHL Laboratories, Inc. Quality assurance and quality control 

(QA/QC) samples will be collected to verify the field and laboratory procedures. The 

metals samples will be filtered according to EPA protocol. The laboratory reports will be 

reviewed for completeness and the results tabulated. 

4.6 Horizontal Hydraulic Conductivity (Slug) Tests 

Horizontal hydraulic conductivity (slug) tests will be performed in select wells to 

calculate an average hydraulic conductivity for the Tansil formation. The slug tests will 

be used for designing the PSH recovery system. The slug tests will be performed by 

inserting (falling head) and removing (rising head) a weighted PVC tube (slug) or by 

depressing the water column using compressed air. The water level changes will be 

recorded using a pressure transducer placed near the bottom of the wells and the data will 

be stored in a data logger and transferred to a PC. The average horizontal hydraulic 

conductivity will be calculated using the Bower and Rice or equivalent method. 

4.7 Aerial Photographs 

Aerial photographs will be reviewed to assess possible sources for the PSH and 

groundwater contaminants. Soil borings may be drilled at locations determined to be 

possible sources for the contaminants. The borings will be drilled using a rotary or 

hollow stem auger rig. Geological logs will be prepared according to industry practices 

from samples that will be collected for headspace analysis, according to OCD guidelines, 

and possibly laboratory analysis. The samples may be analyzed for BTEX and TPH based 
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on field observations and headspace readings. The drill cuttings will be placed on the 

ground adjacent to the borings until disposal is arranged. The borings will be plugged 

according to New Mexico State Engineer rules. 

4.8 Report 

An interim report will be prepared and submitted to the OCD and will include 

groundwater maps, laboratory reports, bailout and slug test results and abatement plan for 

the PSH, dissolved BTEX and vadose zone contaminants. 
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DATE 
02-08-07 

NAME: SJA 

FILE: 
6-0141 

FIGURE # 1 
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