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S EL PASO 
H NATURALQAS OILXONSERVjfflON DKISffij 

April 9, 1998 

Mark Ashley 
New Mexico Oil Conservation Division 
2040 S. Pacheco 
Santa Fe, NM 87505 

Dear Mark: 

Enclosed are the results ofthe split samples we collected with you from the water wells near El 
Paso Natural Gas' Washington Ranch Facility. These sample results are consistent with the 
results from past years. 

Thank you for your assistance in this matter and if you have any questions or need additional 
information, please call me at (915) 759-2228. 

Darrell Campbell 
Superintendent 

Laboratory Services 



SAMPLE KEY 

SAMPLE NUMBER: S98-0026 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: RATTLESNAKE SPRINGS WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 08:30 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0027 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: J. BALLARD WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 09:00 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0028 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: J. BALLARD WELL - DUPLICATE 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 09:05 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0029 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: EPNG WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 10:05 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0030 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: MILLER HOUSE WELL 
S D CONTINUED: (PREVIOUSLY LABELED HOOD) 
S D CONTINUED: 
SAMPLE TIME: 10:30 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0031 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: MILLER POND WELL 
S D CONTINUED: (PREVIOUSLY LABELED HOOD) 
S D CONTINUED: 
SAMPLE TIME: 11:00 SAMPLE DATE: 01/27/98 



SAMPLE KEY 

SAMPLE NUMBER: S98-0032 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: BLANK 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 12:00 SAMPLE DATE: 01/27/98 



SAMPLE KEY 

SAMPLE NUMBER: S98-0026 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: RATTLESNAKE SPRINGS WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 08:30 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0027 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: J. BALLARD WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 09:00 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0028 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: J. BALLARD WELL - DUPLICATE 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 09:05 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0029 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: EPNG WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 10:05 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0030 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: HOOD HOUSE WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 10:30 SAMPLE DATE: 01/27/98 

SAMPLE KEY 

SAMPLE NUMBER: S98-0031 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: HOOD POND WELL 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 11:00 SAMPLE DATE: 01/27/98 



SAMPLE KEY 

SAMPLE NUMBER: S98-0032 LOCATION: WASHINGTON RANCH 
MATRIX: WATER 
SAMPLE DESCRIPTION: BLANK 
S D CONTINUED: 
S D CONTINUED: 
SAMPLE TIME: 12:00 SAMPLE DATE: 01/27/98 



NEL LABORATORIES 
Reno • Las Vegas 
Phoenix • Burbank 

• 
in 

CLIENT: El Paso Natural Gas Company 
8645 Railroad Drive 
El Paso, TX 79904 

ATTN: Darrell Campbell 
PROJECT NAME: NA NEL ORDER ID: P9801056 
PROJECT NUMBER: NA 
Attached are the analytical results for samples in support of the above referenced project. 
Samples submitted for this project were not sampled by NEL Laboratories. Samples were received by NEL in 
good condition, under chain of custody on 1/28/98. 
Samples were analyzed as received. 
Where applicable we have included the following quality control data: 

Method blank - used to demonstrate absence of contamination or interferences in the analytical process. 
Laboratory Control Spike (LCS) - used to demonstrate laboratory ability to perform the method 

within specifications by spiking representative analytes into a clean matrix. 
Surrogates - compounds added to each sample to ensure that the method requirements are met 

for each individual sample. 
Should you have any questions or comments, please feel free to contact our Client Services department at (602) 
437-0099. 
Fluoride: All fluoride batch QC was within acceptable range however, all fluoride results may be biased low 
because in recent outside performance samples NEL Las Vegas' results have been below acceptance limits. 
Some results have been flagged as follows: 
Jl - The batch MS and/or MSD were outside acceptance limits. The batch LCS was acceptable. 

Las Vegas Division 
4208 Areata Way, Suite A • Las Vegas, NV 89030 

(702) 657-1010 • Fax: (702) 657-1577 
1-888-368-3282 

Laboratory Manager 

CERTIFICATIONS: 
Reno Las Vegas Burbank 

Arizona AZ0520 AZ05I8 AZ0325 
California 1707 2002 1192 
US Army Corps Certified Certified Certified 
of Engineers 

Date 

Reno Las Vegas Burbank 
Idaho Certified Certified 
Montana Certified Certified 
Nevada NV033 NV052 CA084 
Washington Certified 

Corporate Office % Reno Division • 1030 Matlev Lane - Reno. NV 89502 • (702) 348-2522 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

CLIENT ID: S98-0026 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-01 

TEST: 
MATRIX: 

Metals 
Aqueous 

PARAMETER 
RESULT REPORTING 

mg/L LIMIT D. F. METHOD DIGESTED ANALYZED 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

95 
27 

ND 
5.6 
5.0 

0.2mg/L 
0.2 mg/L 
2. mg/L 
2. mg/L 

0.5 mg/L 

EPA 601 OA 
EPA 601OA 
EPA 601OA 
SM 3111 D 
EPA 601OA 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

CLIENT ID: S98-0027 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-02 

TEST: 
MATRIX: 

Metals 
Aqueous 

PARAMETER 
RESULT REPORTING 

mg/L LIMIT D. F. METHOD DIGESTED ANALYZED 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

320 
36 

ND 
8.6 
10 

0.2 mg/L 
0.2 mg/L 
2. mg/L 
2. mg/L 

0.5 mg/L 

EPA 601 OA 
EPA 601OA 
EPA 601OA 
SM 3111 D 
EPA 601OA 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

CLIENT ID: S98-0028 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-03 

TEST: 
MATRIX: 

Metals 
Aqueous 

PARAMETER 
RESULT REPORTING 

mg/L LIMIT D. F. METHOD DIGESTED ANALYZED 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

310 
36 

ND 
8.9 
10 

0.2 mg/L 
0.2 mg/L 

2. mg/L 
2. mg/L 

0.5 mg/L 

EPA 601 OA 
EPA6010A 
EPA 601OA 
SM 3111 D 
EPA 601 OA 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Metals 
MATRIX: Aqueous 

CLIENT ID: S98-0029 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-04 

PARAMETER 
RESULT 

mg/L 
REPORTING 

LIMIT D. F. METHOD DIGESTED ANALYZED 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

71 
26 

ND 
6.9 
5.4 

0.2mg/L 
0.2 mg/L 
2. mg/L 
2. mg/L 

0.5mg/L 

EPA 601OA 
EPA 601OA 
EPA 601OA 
SM3111 D 
EPA 601OA 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: EI Paso Natural Gas Company CLIENT ID: S98-0030 
PROJECT NAME: NA DATE SAMPLED: 1/27/98 
PROJECT NUMBER: NA NEL SAMPLE ID: P9801056-05 

TEST: Metals 
MATRIX: Aqueous 

RESULT REPORTING 
PARAMETER mg/L LIMIT D. F. METHOD DIGESTED ANALYZED 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

70 
26 

ND 
7.3 
4.4 

0.2mg/L 
0.2 mg/L 
2. mg/L 
2. mg/L 

0.5 mg/L 

EPA 601OA 
EPA 601OA 
EPA 601 OA 
SM3111 D 
EPA6010A 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory'. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

CLIENT ID: S98-0031 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-06 

LEST: 
MATRIX: 

Metals 
Aqueous 

P A R A M E T E R 
R E S U L T REPORTING 

mg/L L I M I T D. F. METHOD D I G E S T E D A N A L Y Z E D 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

250 
41 

ND 
8.8 
12 

0.2 mg/L 
0.2 mg/L 

2. mg/L 
2. mg/L 

0.5 mg/L 

EPA 601 OA 
EPA 601OA 
EPA 601OA 
SM 3111 D 
EPA 601 OA 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D F. - Dilution Factor 

ND - Not Detected 

This report shall not he reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: EI Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Metals 
MATRIX: Aqueous 

CLIENT ID: S98-0032 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-07 

PARAMETER 
RESULT REPORTING 

mg/L LIMIT D. F. METHOD DIGESTED ANALYZED 

Calcium 
Magnesium 
Potassium 
Silica 
Sodium 

ND 
ND 
ND 
ND 
ND 

0.2 mg/L 
0.2 mg/L 
2. mg/L 
2. mg/L 

0.5 mg/L 

EPA 601OA 
EPA 601OA 
EPA 601OA 
SM 3111 D 
EPA 6010A 

1/29/98 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

1/30/98 
1/30/98 
1/30/98 
2/1/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Metals 

CLIENT ID: Method Blank 
DATE SAMPLED: NA 
NEL SAMPLE ID: PO 1056I-BLK 

PARAMETER 
Calcium 
Magnesium 
Potassium 
Sodium 

RESULT 
mg/L 
ND 
ND 
ND 
ND 

REPORTING 
LIMIT 
0.2 mg/L 
0.2 mg/L 
2. mg/L 

0.5 mg/L 

D. F. METHOD 
EPA 601 OA 
EPA 601 OA 
EPA 601 OA 
EPA 601 OA 

DIGESTED 
1/29/98 
1/29/98 
1/29/98 
1/29/98 

ANALYZED 
1/30/98 
1/30/98 
1/30/98 
1/30/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: EI Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Metals 

CLIENT ID: Method Blank 
DATE SAMPLED: NA 
NEL SAMPLE ID: PO 1056SI-BLK 

RESULT REPORTING 
PARAMETER mg/L LIMIT D. F. METHOD DIGESTED ANALYZED 

Silica ND 2.mg/L 1 SM3111D 1/29/98 2/1/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company CLIENT ID: S98-0026 
PROJECT NAME: NA DATE SAMPLED: 1/27/98 
PROJECT NUMBER: NA NEL SAMPLE ID: P9801056-01 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

REPORTING 
PARAMETER RESULT UNITS LIMIT D. F. METHOD ANALYZED 

pH 7.31 pH Units NA 1 EPA 150.1 1/28/98 

pH Temperature 20.8 °C 1. 1 EPA 150.1 1/28/98 

Specific Conductance 644 uS/cm 1. 1 SM 2510 B 1/29/98 

Total Dissolved Solids 404 mg/L 25. 1 SM 2540 C 1/28/98 

Hardness, Total (as CaC03) 360 mg/L 25. . 5 SM 2340 C 1/29/98 

Alkalinity, Total 200 mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Hydroxide ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Carbonate ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Bicarbonate 200 mg/L 25. 1 SM 2320 B 1/28/98 

Fluoride ND mg/L 1. 10 EPA 300.0 1/28/98 

Chloride 4.1 mg/L 1. 10 EPA 300.0 1/28/98 

Bromide ND mg/L 1. 10 EPA 300 2/4/98 

Sulfate 95 mg/L 1. 10 EPA 300.0 1/28/98 

Nitrate, as N 0.7 mg/L-N 0.5 10 EPA 300.0 1/28/98 

Sulfide 0.033 mg/L 0.02 1 SM 4500-S 1/29/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not he reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 

CLIENT: EI Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

P A R A M E T E R RESULT UNITS 

pH 6.99 pH Units 

pH Temperature 20.4 °C 

Specific Conductance 1500 uS/cm 

Total Dissolved Solids 1220 mg/L 

Hardness, Total (as CaC03) 870 mg/L 

Alkalinity, Total 180 mg/L 

Alkalinity - Hydroxide ND mg/L 

Alkalinity - Carbonate ND mg/L 

Alkalinity - Bicarbonate 180 mg/L 

Fluoride ND mg/L 

Chloride 6.9 mg/L 

Bromide ND mg/L 

Sulfate 620 mg/L 

Nitrate, as N ND mg/L-N 

Sulfide 0.093 mg/L 

CLIENT ID: S98-0027 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-02 

REPORTING 
LIMIT D. F. METHOD ANALYZED 

NA 1 EPA 150.1 1/28/98 

1. 1 EPA 150.1 1/28/98 

1. 1 SM 2510 B 1/29/98 

25. 1 SM 2540 C 1/28/98 

25. 5 SM 2340 C 1/29/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

1. 10 EPA 300.0 1/28/98 

1. 10 EPA 300.0 1/28/98 

1. 10 EPA 300 2/4/98 

25. 250 EPA 300.0 2/2/98 

0.5 10 EPA 300.0 1/28/98 

0.02 1 SM 4500-S 1/29/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company CLIENT ID: S98-0028 
PROJECT NAME: NA DATE SAMPLED: 1/27/98 
PROJECT NUMBER: NA NEL SAMPLE ID: P9801056-03 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

REPORTING 
P A R A M E T E R RESULT UNITS LIMIT D. F. METHOD ANALYZED 

pH 7.00 pH Units NA 1 EPA 150.1 1/28/98 

pH Temperature 19.8 °C 1. 1 EPA 150.1 1/28/98 

Specific Conductance 1490 uS/cm 1. 1 SM 2510 B 1/29/98 

Total Dissolved Solids 1230 mg/L 25. 1 SM 2540 C 1/28/98 

Hardness, Total (as CaC03) 890 mg/L 25. 5 SM 2340 C 1/29/98 

Alkalinity, Total 190 mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Hydroxide ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Carbonate ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Bicarbonate 190 mg/L 25. 1 SM 2320 B 1/28/98 

Fluoride ND mg/L 1. 10 EPA 300.0 1/28/98 

Chloride 6.9 mg/L 1. 10 EPA 300.0 1/28/98 

Bromide ND mg/L 1. 10 EPA 300 2/4/98 

Sulfate 540 mg/L 25. 250 EPA 300.0 2/2/98 

Nitrate, as N ND mg/L-N 0.5 10 EPA 300.0 1/28/98 

Sulfide 0.034 mg/L 0.02 1 SM 4500-S 1/29/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company CLIENT ID: S98-0029 
PROJECT NAME: NA DATE SAMPLED: 1/27/98 
PROJECT NUMBER: NA NEL SAMPLE ID: P980I056-04 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

REPORTING 
PARAMETER RESULT UNITS LIMIT D. F. METHOD ANALYZED 

pll 7.37 pH Units NA 1 EPA 150.1 1/28/98 

pI-l Temperature 20.6 °C 1. 1 EPA 150.1 1/28/98 

Specific Conductance 503 uS/cm 1. 1 SM 2510 B 1/29/98 

Total Dissolved Solids 265 mg/L 25. 1 SM 2540 C 1/28/98 

Hardness, Total (as CaC03) 250 mg/L 25. 5 SM 2340 C 1/29/98 

Alkalinity, Total 220 mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Hydroxide ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Carbonate ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Bicarbonate 220 mg/L 25. 1 SM 2320 B 1/28/98 

Fluoride ND mg/L 1. 10 EPA 300.0 1/28/98 

Chloride 4.8 mg/L 1. 10 EPA 300.0 1/28/98 

Bromide ND mg/L 1. 10 EPA 300 2/4/98 

Sulfate 28 mg/L 1. 10 EPA 300.0 1/28/98 

Nitrate, as N 0.9 mg/L-N 0.5 10 EPA 300.0 1/28/98 

Sulfide ND mg/L 0.02 1 SM 4500-S 1/29/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not he reproduced except in full, without the written approval ofthe laboratory. 



NEL LABORATORIES 
CLIENT: El Paso Natural Gas Company CLIENT ID: S98-0030 
PROJECTNAME: NA DATE SAMPLED: 1/27/98 
PROJECT NUMBER: NA NEL SAMPLE ID: P9801056-05 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

REPORTING 
PARAMETER RESULT UNITS LIMIT D. F. METHOD ANALYZED 

pH 7.42 pH Units NA 1 EPA 150.1 1/28/98 

pl 1 Temperature 19.7 °C 1. 1 EPA 150.1 1/28/98 

Specific Conductance 520 jrS/cm 1. 1 SM 2510 B 1/29/98 

Total Dissolved Solids 270 mg/L 25. 1 SM 2540 C 1/28/98 

Hardness, Total (as CaC03) 280 mg/L 25. 5 SM 2340 C 1/29/98 

Alkalinity, Total 220 mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Hydroxide ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Carbonate ND mg/L 25. 1 SM 2320 B 1/28/98 

Alkalinity - Bicarbonate 220 mg/L 25. 1 SM 2320 B 1/28/98 

Fluoride ND mg/L 1. 10 EPA 300.0 1/28/98 

Chloride 4.0 mg/L 1. 10 EPA 300.0 1/28/98 

Bromide ND mg/L 1. 10 EPA 300 2/4/98 

Sulfate 28 mg/L 1. 10 EPA 300.0 1/28/98 

Nitrate, as N 0.9 mg/L-N 0.5 10 EPA 300.0 1/28/98 

Sulfide 0.021 mg/L 0.02 1 SM 4500-S 1/29/98 

D F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval of the laboratory. 



NEL LABORATORIES 

CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

P A R A M E T E R RESULT UNITS 

PH 7.11 pH Units 

pH Temperature 19.5 °C 

Specific Conductance 1320 uS/cm 

Total Dissolved Solids 1020 mg/L 

Hardness, Total (as CaC03) 810 mg/L 

Alkalinity, Total 200 mg/L 

Alkalinity - Hydroxide ND mg/L 

Alkalinity - Carbonate ND mg/L 

Alkalinity - Bicarbonate 200 mg/L 

Fluoride ND mg/L 

Chloride 6.6 mg/L 

Bromide ND mg/L 

Sulfate 570 Jl mg/L 

Nitrate, as N 0.7 mg/L-N 

Sulfide 0.022 mg/L 

CLIENT ID: S98-0031 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-06 

REPORTING 
LIMIT D. F. METHOD ANALYZED 

NA 1 EPA 150.1 1/28/98 

1. 1 EPA 150.1 1/28/98 

1. 1 SM 2510 B 1/29/98 

25. 1 SM 2540 C 1/28/98 

25. 5 SM 2340 C 1/29/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

1. 10 EPA 300.0 1/28/98 

1. 10 EPA 300.0 1/28/98 

1. 10 EPA 300 2/4/98 

10. 100 EPA 300.0 2/4/98 

0.5 10 EPA 300.0 1/28/98 

0.02 1 SM 4500-S 1/29/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not be reproduced except in full, without the written approval ofthe laboratory. 



NEL LABORATORIES 

CLIENT: El Paso Natural Gas Company 
PROJECT NAME: NA 
PROJECT NUMBER: NA 

TEST: Inorganic Non-Metals 
MATRIX: Aqueous 

P A R A M E T E R RESULT UNITS 

pl-1 5.83 pH Units 

pH Temperature 20.8 °C 

Specific Conductance 1.34 uS/cm 

Total Dissolved Solids ND mg/L 

Hardness, Total (as CaC03) ND mg/L 

Alkalinity, Total ND mg/L 

Alkalinity - Hydroxide ND mg/L 

Alkalinity - Carbonate ND mg/L 

Alkalinity - Bicarbonate ND mg/L 

Fluoride ND mg/L 

Chloride ND mg/L 

Bromide ND mg/L 

Sulfate ND mg/L 

Nitrate, as N ND mg/L-N 

Sulfide 0.021 mg/L 

CLIENT ID: S98-0032 
DATE SAMPLED: 1/27/98 
NEL SAMPLE ID: P9801056-07 

REPORTING 
LIMIT D. F. METHOD ANALYZED 

NA 1 EPA 150.1 1/28/98 

1. 1 EPA 150.1 1/28/98 

1. 1 SM 2510 B 1/29/98 

25. 1 SM 2540 C 1/28/98 

5. 1 SM 2340 C 1/29/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

25. 1 SM 2320 B 1/28/98 

1. 10 EPA 300.0 1/28/98 

1. 10 EPA 300.0 1/28/98 

0.1 EPA 300 2/4/98 

1. 10 EPA 300.0 1/28/98 

0.5 10 EPA 300.0 1/28/98 

0.02 1 SM 4500-S 1/29/98 

D.F. - Dilution Factor 

ND - Not Detected 

This report shall not he reproduced except in full, without the written approval ofthe laboratory. 
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TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO. : S98 -0026 QA/QC GROUP NO. : 

SAMPLE LOCATION : Wash ing ton Ranch 

SAMPLE SITE DESCRIPTION: R a t t l e s n a k e S p r i n g W e l l 

SAMPLE DATE (MM/DD/YY) : 0 1 / 2 7 / 9 8 TIME:08 :30 

SAMPLE COLLECTED BY: D a r r e l l Campbel l 
A n a l y s i s A n a l y s i s 

R e s u l t s ( m g / l ) R e s u l t s ( m g / l ) 

Ammonia (N) C o l o r 
C h e m i c a l Oxygen Demand F l u o r i d e 
K j e l d a h l _ _ N i t r o g e n (N) I o d i d e 
N i t r a t e (N) Odor 
N i t r i t e (N) R e s i d u e , T o t a l 
O i l & Grease R e s i d u e , F i l t e r a b l e (TDS) 
O r g a n i c Carbon R e s i d u e , N o n f i l t e r a b l e (TSS) 
O r t h o p h o s p h a t e (PO4) R e s i d u e , S e t t l e a b l e 
Phospho rus , T o t a l (P) R e s i d u e , V o l a t i l e 
C y a n i d e , T o t a l S i l i c a 
C y a n i d e , F r e e S p e c i f i c Conduc tance (umho) 
Pheno l s S u l f a t e 
A n t i m o n y S u l f i t e 
A r s e n i c S u r f a c t a n t s - M B A S 
B a r i u m T u r b i d i t y NTU 
B e r y l l i u m BHC I somers 
Boron C h l o r d a n e 
Cadmium DDT I somers 
C a l c i u m D i e l d r i n 
Chromium, T o t a l E n d r i n 
Chromium, V I H e p t a c h l o r 
Copper H e p t a c h l o r E p o x i d e 
Hardness (CaC03) L i n d a n e 
I r o n M e t h o x y c h l o r 
Lead Toxaphene 
Magnesium 2 , 4 - D 
Manganese 2 , 4 , 5 - T P - S i l v e x 
M e r c u r y 2 , 4 , 5 - T 
N i c k e l S u l f i d e s 
P o t a s s i u m Bromoforrn 
S e l e n i u m B r o m o d i c h l o r o m e t h a n e 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium C h l o r o f o r m 
T h a l l i u m Chlo romethane 
Z i n c D i b r o m o c h l o r o m e t h a n e 
pH M e t h y l e n e C h l o r i d e 
A c i d i t y , T o t a l T e t r a c h l o r o e t h y l e n e 
A l k a l i n i t y , T o t a l (CaCOq) 1 , 1 , 1 - T r i c h l o r o e t h a n e 
A l k a l i n i t y , B i c a r b o n a t e (CaCOo) T r i c h l o r o e t h y l e n e 
Bromide T r i h a l o m e t h a n e s 
Carbon D i o x i d e PCBs ( ) 
C h l o r i d e Tempera tu re ( ° C ) 
D i s s o l v e d Oxygen T o t a l P e t r o l e u m H y d r o c a r b o n s 

COMMENTS: METHANE - < 0 . 002 m g / l 

ANALYST: 0C, DATE: 0 1 / 3 0 / 9 8 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE N O . : S 9 8 - 0 0 2 7 QA/QC GROUP N O . : 

SAMPLE LOCATION: W a s h i n g t o n Ranch 

SAMPLE S I T E DESCRIPTION: J . B a l l a r d W e l l 

SAMPLE DATE (MM/DD/YY) : 0 1 / 2 7 / 9 8 T I M E : 0 9 : 0 0 

SAMPLE COLLECTED BY: D a r r e l l C a m p b e l l 

Ana lys i s A n a l y s i s 
Resul t s (mg/l ) Resul t s (mg/ l ) 

Ammonia (N) Color 
Chemical Oxygen Demand F l u o r i d e 
K j e l d a h l N i t rogen (N) Iod ide 
N i t r a t e (N) Odor 
N i t r i t e (N) Residue, T o t a l 
O i l & Grease Residue, F i l t e r a b l e (TDS) 
Organic Carbon Residue, N o n f i l t e r a b l e (TSS) 
Orthophosphate (P0 4 ) Residue, S e t t l e a b l e 
Phosphorus, T o t a l (P) Residue, V o l a t i l e 
Cyanide, T o t a l S i l i c a 
Cyanide, Free S p e c i f i c Conductance (umho) 
Phenols S u l f a t e 
Antimony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium T u r b i d i t y NTU 
B e r y l l i u m BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium D i e l d r i n 
Chromium, T o t a l End r in 
Chromium, V I Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaCO-j,) Lindane 
I r o n Methoxychlor 
Lead Toxaphene 
Magnesium 2,4-D 
Manganese 2 , 4 , 5 - T P - S i l v e x 
Mercury 2 ,4 ,5 -T 
N i c k e l S u l f i d e s 
Potassium Bromoforrn 
Selenium Bromodichloromethane 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium Chloroform 
T h a l l i u m Chloromethane 
Zinc Dibromochloromethane 
pH Methylene Ch lo r ide 
A c i d i t y , T o t a l Te t r ach lo roe thy l ene 
A l k a l i n i t y , T o t a l (CaCOo) 1 ,1 ,1 -Tr i ch lo roe thane 
A l k a l i n i t y , Bicarbonate (CaCOo) T r i c h l o r o e t h y l e n e 
Bromide Trihalomethanes 
Carbon Diox ide PCBs ( ) 
C h l o r i d e Temperature (°C) 
Disso lved Oxygen T o t a l Petroleum Hydrocarbons 

COMMENTS: METHANE - 0.480 m g / l 
ETHANE - 0.018 m g / l 

ANALYST: f O W d yO DATE: 01/30/98 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO.: S98 -0028 QA/QC GROUP NO.: 

SAMPLE LOCATION : Washington Ranch 

SAMPLE SITE DESCRIPTION: J. B a l l a r d Well - Duplicate 

SAMPLE DATE (MM/DD/YY): 01/27/98 TIME:09:00 

SAMPLE COLLECTED BY: D a r r e l l Campbell 
Analysis Analysis 

Results (mg/l) Results (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand Fl u o r i d e 
K j e l d a h l Nitrogen (N) Iodide 
N i t r a t e (N) Odor 
N i t r i t e (N) Residue, T o t a l 
O i l & Grease Residue, F i l t e r a b l e (TDS) 
Organic Carbon Residue, N o n f i l t e r a b l e (TSS) 
Orthophosphate (P0 4) Residue, S e t t l e a b l e 
Phosphorus, T o t a l (P) Residue, V o l a t i l e 
Cyanide, T o t a l S i l i c a 
Cyanide, Free S p e c i f i c Conductance (umho) 
Phenols S u l f a t e 
Antimony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium T u r b i d i t y NTU 
Be r y l l i u m BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium D i e l d r i n 
Chromium, T o t a l Endrin 
Chromium, VI Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaC03) Lindane 
I r o n Methoxychlor 
Lead Toxaphene 
Magnesium 2,4-D 
Manganese 2,4,5-TP-Silvex 
Mercury 2,4,5-T 
Nic k e l S u l f i d e s 
Potassium Bromoforrn 
Selenium Bromodichloromethane 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium Chloroform 
Thallium Chloromethane 
Zinc Dibromochloromethane 
pH Methylene Chloride 
A c i d i t y , T o t a l Tetrachloroethylene 
A l k a l i n i t y , T o t a l (CaCOo) 1,1,1-Trichloroethane 
A l k a l i n i t y , Bicarbonate (CaCO-a) Tr i c h l o r o e t h y l e n e 
Bromide Trihalomethanes 
Carbon Dioxide PCBs ( ) 
Chloride Temperature (°C) 
Dissolved Oxygen T o t a l Petroleum Hydrocarbons 

COMMENTS: METHANE 
ETHANE • 

- Sample Lost due t o Laboratory Er r o r 

ANALYST: \K) ^ , 09 O, DATE: 01/30/98 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO. : S98-0029 QA/QC GROUP NO. : 

SAMPLE LOCATION: Wash ing ton Ranch 

SAMPLE SITE DESCRIPTION: EPNG W e l l 

SAMPLE DATE (MM/DD/YY) : 0 1 / 2 7 / 9 8 T IME:10 :05 

SAMPLE COLLECTED BY: D a r r e l l Campbel l 
A n a l y s i s A n a l y s i s 

R e s u l t s ( m g / l ) R e s u l t s ( m g / l ) 

Ammonia (N) C o l o r 
C h e m i c a l Oxygen Demand F l u o r i d e 
K j e l d a h l N i t r o g e n (N) I o d i d e 
N i t r a t e (N) Odor 
N i t r i t e (N) R e s i d u e , T o t a l 
O i l & Grease R e s i d u e , F i l t e r a b l e (TDS) 
O r g a n i c Carbon R e s i d u e , N o n f i l t e r a b l e (TSS) 
O r t h o p h o s p h a t e (PO4) R e s i d u e , S e t t l e a b l e 
P h o s p h o r u s , T o t a l (P) R e s i d u e , V o l a t i l e 
C y a n i d e , T o t a l S i l i c a 
C y a n i d e , F r ee S p e c i f i c Conduc tance (umho) 
P h e n o l s S u l f a t e 
A n t i m o n y S u l f i t e 
A r s e n i c S u r f a c t a n t s - M B A S 
B a r i u m T u r b i d i t y NTU 
B e r y l l i u m BHC I s o m e r s 
B o r o n C h l o r d a n e 
Cadmium DDT I s o m e r s 
C a l c i u m D i e l d r i n 
Chromium, T o t a l E n d r i n 
Chromium, V I H e p t a c h l o r 
Copper H e p t a c h l o r E p o x i d e 
Hardness (CaCO-^) L i n d a n e 
I r o n M e t h o x y c h l o r 
Lead Toxaphene 
Magnesium 2 , 4 - D 
Manganese 2 , 4 , 5 - T P - S i l v e x 
M e r c u r y 2 , 4 , 5 - T 
N i c k e l S u l f i d e s 
P o t a s s i u m Bromoforrn 
S e l e n i u m B r o m o d i c h l o r o m e t h a n e 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium C h l o r o f o r m 
T h a l l i u m Ch lo rome thane 
Z i n c D i b r o m o c h l o r o m e t h a n e 
PH M e t h y l e n e C h l o r i d e 
A c i d i t y , T o t a l T e t r a c h l o r o e t h y l e n e 
A l k a l i n i t y , T o t a l (CaCOo) 1 , 1 , 1 - T r i c h l o r o e t h a n e 
A l k a l i n i t y , B i c a r b o n a t e (CaCOo) T r i c h l o r o e t h y l e n e 
B r o m i d e T r i h a l o m e t h a n e s 
Carbon D i o x i d e PCBs ( ) 
C h l o r i d e T e m p e r a t u r e ( °C) 
D i s s o l v e d Oxygen T o t a l P e t r o l e u m H y d r o c a r b o n s 

COMMENTS: METHANE - < 0 . 0 0 2 
ETHANE -

m g / l 

ANALYST: OCU^ QlQo - ^ ' V - — { DATE: 0 1 / 3 0 / 9 8 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO.: S98 -0030 QA/QC GROUP NO. : 

SAMPLE LOCATION : Wash ing ton Ranch 

SAMPLE SITE DESCRIPTION: M i l l e r House W e l l ( P r e v i o u s l y l a b e l e d 
H o o d ) 

SAMPLE DATE ( M M / D D / Y Y ) : 0 1 / 2 7 / 9 8 T I M E : 1 0 : 3 0 

SAMPLE C O L L E C T E D B Y : D a r r e l l C a m p b e l l 

A n a l y s i s A n a l y s i s 
R e s u l t s ( m g / l ) R e s u l t s ( m g / l ) 

Ammonia (N) C o l o r 
C h e m i c a l Oxygen Demand F l u o r i d e 
K j e l d a h l N i t r o g e n (N) I o d i d e 
N i t r a t e (N) Odor 
N i t r i t e (N) R e s i d u e , T o t a l 
O i l & Grease R e s i d u e , F i l t e r a b l e (TDS) 
O r g a n i c Carbon R e s i d u e , N o n f i l t e r a b l e (TSS) 
O r t h o p h o s p h a t e ( P 0 4 ) R e s i d u e , S e t t l e a b l e 
Phospho rus , T o t a l (P) R e s i d u e , V o l a t i l e 
Cy an i d e , T o t a 1 S i l i c a 
C y a n i d e , F ree S p e c i f i c Conduc tance (umho) 
Pheno l s S u l f a t e 
A n t i m o n y S u l f i t e 
A r s e n i c S u r f a c t a n t s - M B A S 
B a r i u m T u r b i d i t y NTU 
B e r y l l i u m BHC I somers 
B o r o n C h l o r d a n e 
Cadmium DDT I somers 
C a l c i u m D i e l d r i n 
Chromium, T o t a l E n d r i n 
Chromium, V I H e p t a c h l o r 
Copper H e p t a c h l o r E p o x i d e 
Hardness (CaC03) L i n d a n e 
I r o n M e t h o x y c h l o r 
Lead Toxaphene 
Magnesium 2 , 4 - D 
Manganese 2 , 4 , 5 - T P - S i l v e x 
M e r c u r y 2 , 4 , 5 - T 
N i c k e l S u l f i d e s 
P o t a s s i u m Bromoforrn 
S e l e n i u m B r o m o d i c h l o r o m e t h a n e 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium C h l o r o f o r m 
T h a l l i u m Ch lo rome thane 
Z i n c D i b r o m o c h l o r o m e t h a n e 
pH M e t h y l e n e C h l o r i d e 
A c i d i t y , T o t a l T e t r a c h l o r o e t h y l e n e 
A l k a l i n i t y , T o t a l (CaC0 3 ) 1 , 1 , 1 - T r i c h l o r o e t h a n e 
A l k a l i n i t y , B i c a r b o n a t e (CaCO^) . T r i c h l o r o e t h y l e n e 
Bromide . T r i h a l o m e t h a n e s 
Carbon D i o x i d e PCBs ( ) 
C h l o r i d e T e m p e r a t u r e ( °C) 
D i s s o l v e d Oxygen T o t a l P e t r o l e u m H y d r o c a r b o n s 

COMMENTS: METHANE 
ETHANE 

- <0.002 m g / l 

ANALYST: / v J 9SO.O. n ^ j L J J DATE: 01/30/98 



TRANSMISSION O P E R A T I O N S L A B O R A T O R Y S A M P L E R E P O R T 

SAMPLE NO. : S98-0031 Q A / Q C GROUP N O . : 

SAMPLE LOCATION: Wash ing ton Ranch 

SAMPLE SITE DESCRIPTION: M i l l e r Pond W e l l ( P r e v i o u s l y l a b e l e d 
H o o d ) 

SAMPLE DATE ( M M / D D / Y Y ) : 0 1 / 2 7 / 9 8 T I M E : 1 1 : 0 0 

SAMPLE C O L L E C T E D B Y : D a r r e l l Campbel l 
A n a l y s i s A n a l y s i s 

R e s u l t s ( m g / l ) R e s u l t s ( m g / l ) 

Ammonia (N) C o l o r 
C h e m i c a l Oxygen Demand F l u o r i d e 
K j e l d a h l N i t r o g e n (N) I o d i d e 
N i t r a t e (N) Odor 
N i t r i t e (N) R e s i d u e , T o t a l 
O i l & Grease R e s i d u e , F i l t e r a b l e (TDS) 
O r g a n i c Carbon R e s i d u e , N o n f i l t e r a b l e (TSS) 
O r t h o p h o s p h a t e ( P 0 4 ) R e s i d u e , S e t t l e a b l e 
Phospho rus , T o t a l (P) R e s i d u e , V o l a t i l e 
C y a n i d e , T o t a l S i l i c a 
C y a n i d e , F r e e S p e c i f i c Conduc tance (umho) 
Pheno l s S u l f a t e 
A n t i m o n y S u l f i t e 
A r s e n i c S u r f a c t a n t s - M B A S 
B a r i u m T u r b i d i t y NTU 
B e r y l l i u m BHC I somers 
Boron C h l o r d a n e 
Cadmium DDT I somers 
C a l c i u m D i e l d r i n 
Chromium, T o t a l E n d r i n 
Chromium, V I H e p t a c h l o r 
Copper H e p t a c h l o r E p o x i d e 
Hardness (CaCO^) L i n d a n e 
I r o n M e t h o x y c h l o r 
Lead Toxaphene 
Magnesium 2 , 4 - D 
Manganese 2 , 4 , 5 - T P - S i l v e x 
M e r c u r y 2 , 4 , 5 - T 
N i c k e l S u l f i d e s 
P o t a s s i u m Bromoforrn 
S e l e n i u m B r o m o d i c h l o r o m e t h a n e 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium C h l o r o f o r m 
T h a l l i u m Ch lo romethane 
Z i n c D i b r o m o c h l o r o m e t h a n e 
pH M e t h y l e n e C h l o r i d e 
A c i d i t y , T o t a l T e t r a c h l o r o e t h y l e n e 
A l k a l i n i t y , T o t a l (CaCO?) 1 , 1 , 1 - T r i c h l o r o e t h a n e 
A l k a l i n i t y , B i c a r b o n a t e (CaCO-a) T r i c h l o r o e t h y l e n e 
Bromide T r i h a l o m e t h a n e s 
Carbon D i o x i d e PCBs ( ) 
C h l o r i d e Tempera tu re ( ° C ) 
D i s s o l v e d Oxygen T o t a l P e t r o l e u m H y d r o c a r b o n s 

COMMENTS: METHANE - < 0 . 0 0 2 
ETHANE -

m g / l 

ANALYST: PJC~ J / J ( DATE: 0 1 / 3 0 / 9 8 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO.: S98 -0032 QA/QC GROUP NO.: 

SAMPLE LOCATION : Washington Ranch 

SAMPLE SITE DESCRIPTION: Blank 

SAMPLE DATE (MM/DD/YY) :01/27/98 TIME:12:00 

SAMPLE COLLECTED BY: D a r r e l l Campb e l l 
Analysis 

Results (mg/l) 
Analysis 

Results (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand Fl u o r i d e 
K j e l d a h l Nitrogen (N) Iodide 
N i t r a t e (N) Odor 
N i t r i t e (N) Residue, T o t a l 
O i l & Grease Residue, F i l t e r a b l e (TDS) 
Organic Carbon Residue, N o n f i l t e r a b l e (TSS) 
Orthophosphate (PO4) Residue, S e t t l e a b l e 
Phosphorus,_Total (P) Residue, V o l a t i l e 
Cyanide, T o t a l S i l i c a 
Cyanide, Free S p e c i f i c Conductance (umho) 
Phenols S u l f a t e 
Antimony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium T u r b i d i t y NTU 
Ber y l l i u m BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium D i e l d r i n 
Chromium, T o t a l Endrin 
Chromium, V I Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaC03) Lindane 
I r o n Methoxychlor 
Lead Toxaphene 
Magnesium 2,4-D 
Manganese 2,4,5-TP-Silvex 
Mercury 2,4,5-T 
Nic k e l S u l f i d e s 
Potassium Bromoforrn 
Selenium Bromodichloromethane 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium Chloroform 
Thallium Chloromethane 
Zinc Dibromochloromethane 
PH Methylene Chloride 
A c i d i t y , T o t a l Tetrachloroethylene 
A l k a l i n i t y , T o t a l (CaCO^) 1,1,1-Trichloroethane 
A l k a l i n i t y , Bicarbonate (CaCOT) Tr i c h l o r o e t h y l e n e 
Bromide Trihalomethanes 
Carbon Dioxide PCBs ( ) 
Chloride Temperature (°C) 
Dissolved Oxygen T o t a l Petroleum Hydrocarbons 

COMMENTS: METHANE 
ETHANE -

- <0.002 mg/l 

ANALYST: t\J Co^ 0.0. DATE: 01/30/98 



El Paso 
Natural Gas Company, 

' : _ • P. O. BOX 1492 
j EL PASO, TEXAS 79978 
| PHONE: 915-541-2600 

JOfL CONSERVATION DlVISr 

May 6,1996 

Mr. Roger Anderson 
Chief, Environmental Bureau 
New Mexico Energy, Minerals, and 

Natural Resources Dept. 
Oil Conservation Division 
P. O. Box 6429 
Santa Fe,NM 87505-6429 

Subject: Washington Ranch Sampling and Analytical Work Plan 

Dear Mr. Anderson: 

Enclosed is El Paso Natural Gas Company's (EPNG) sampling results for the six (6) water wells 
in the vicinity of the EPNG Washington Ranch Compressor Station. The results do not show 
any presence of methane in any of the wells except the one Ballard well. 

The results were also compared by EPNG scientists to existing water quality data collected in 
between 1950 to present. It is their opinion that no appreciable change has occurred over this 
comparison period. 

If you have any questions, please contact me at (915) 759-2270. 

Sincerely yours, 

Donald R. Payne, P.E. u 

Manager, Compliance Services 
Technical Services Division 

asg 

Enclosure 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE N O . : S 9 6 - 0 0 8 1 QA/QC GROUP N O . : Q 9 6 - 0 0 2 3 

SAMPLE LOCATION: W a s h i n g t o n Ranch 

SAMPLE S I T E DESCRIPTION: R a t t l e Snake S p r i n g s 

SAMPLE DATE (MM/DD/YY ) : 0 2 / 2 2 / 9 6 T I M E : 0 8 : 1 0 

SAMPLE COLLECTED BY: J o h n B e n n e t t 

Ana lys i s 
Resul ts (mg/l) 

Ana lys i s 
Resul ts (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand F l u o r i d e 0.2 
K j e l d a h l N i t r o g e n (N) Iod ide 
N i t r a t e (N) <1.25 Odor 
N i t r i t e (N) Residue, T o t a l . , 
O i l & Grease Residue, F i l t e r a b l e (TDS) 590. 
Organic Carbon Residue, N o n f i l t e r a b l e (TSS) 
Orthophosphate (P0 4) Residue, S e t t l e a b l e 
Phosphorus, T o t a l (P) Residue, V o l a t i l e 
Cyanide, T o t a l S i l i c a 9. 
Cyanide, Free Specific_Conductance_(umho)_ 661 . 
Phenols S u l f a t e 141. 
Antimony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium T u r b i d i t y NTU 
B e r y l l i u m BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium 102 . D i e l d r i n 
Chromium, T o t a l Endr in 
Chromium, V I Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaCO^) 380. Lindane 
I r o n Methoxychlor 
Lead Toxaphene 
Magnesium 30. 2,4-D 
Manganese 2 ,4 ,5 -TP-S i lvex 
Mercury- 2 , 4 , 5 - T 
N i c k e l S u l f i d e s 
Potassium 1.0 Bromoforrn 
Selenium Bromodichloromethane 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium 5.4 Chloroform 
T h a l l i u m Chloromethane 
Zinc Dibromochloromethane 
PH 7 .44 Methylene Chlor ide 
A c i d i t y , T o t a l Te t r ach lo roe thy lene 
A l k a l i n i t y , _ T o t a l _ ( C a C 0 3 ) 243 . l , l , 1 - T r i c h l o r o e t h a n e 
A l k a l i n i t y , Bicarbonate CaC03) T r i c h l o r o e t h y l e n e 
Bromide <1 .25 Trihalomethanes 
Carbon Dioxide S u l f i d e ( ) < 1 . 
Ch lo r ide <10. Temperature (°C) 
Disso lved Oxygen Methane <0.01 
COMMENTS: C o l i f o r m not de tec ted 

ANALYST: ^ £ S_jU^s^ DATE: 3 / s / 4 ( p 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 1 

SAMPLE NO.:S96-0082 QA/QC GROUP NO.:Q96-0023 

SAMPLE LOCATION: Washington Ranch 

SAMPLE SITE DESCRIPTION: J. B a l l a r d W e l l 

SAMPLE DATE (MM/DD/YY ) : 02/22/96 TIME:08:55 

SAMPLE COLLECTED BY: John Bennett 

Analysis 
Results (mg/l) 

Analysis 
Results (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand Fluoride 0.23 
Kjeldahl Nitrogen (N) Iodide 
Nitrate (N) <1.25 Odor . ; 
N i t r i t e (N) Residue, Total 
Oil 6c Grease Residue, Fil t e r a b l e (TDS) 1310. 
Organic Carbon Residue, Nonfilterable (TSS) 
Orthophosphate (P04) Residue, Settleable 
Phosphorus, Total (P) Residue, V o l a t i l e 
Cyanide, Total S i l i c a 12. 
Cyanide, Free Specific_Conductance_(umho)_ 1399. 
Phenols Sulfate 698. 
Antimony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium Turbidity NTU 
Beryllium BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium 296 . Dieldrin 
Chromium, Total Endrin 
Chromium, VI Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaC03) 890. Lindane 
Iron Methoxychlor 
Lead Toxaphene 
Magnesium 37. 2,4-D 
Manganese 2,4,5-TP-Silvex 
Mercury 2,4,5-T 
Nickel Sulfides 
Potassium 1.3 Bromoforrn 
Selenium Bromodichloromethane 
Silver Carbon Tetrachloride 
Sodium 9.3 Chloroform 
Thallium Chloromethane 
Zinc Dibromochloromethane 
PH 7 .26 Methylene Chloride 
Acidity, Total Tetrachloroethylene 
Alkalinity,_Total_(CaC0 3 210 . 1,1,l-Trichloroethane 
Alkalinity,_Bicarbonate_ (CaC03) Trichloroethylene 
Bromide <1.25 Trihalomethanes 
Carbon Dioxide Sulfide ( ) 4. 
Chloride <10 . Temperature (°C) 
Dissolved Oxygen Methane 0.71 
COMMENTS: Coliform not detected 

ANALYST: / L ^ ^ s DATE: 5/r/f£ 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO.:S96-0083 QA/QC GROUP NO.:Q96-0023 

SAMPLE LOCATION: Washington Ranch 

SAMPLE SITE DESCRIPTION: Hood Hand W e l l 

SAMPLE DATE (MM/DD/YY): 02/22/96 TIME:09:15 

SAMPLE COLLECTED BY: John Bennett 

Analysis Analysis 
Results (mg/l) Results (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand Fluoride 0.21 
Kjeldahl Nitrogen (N) Iodide 
Nitrate (N) <1.25 Odor 
N i t r i t e (N) Residue, Total 
Oi l & Grease Residue, Fi l t e r a b l e (TDS) 1458. 
Organic Carbon Residue, Nonfilterable (TSS) 
Orthophosphate (P04) Residue, Settleable 
Phosphorus, Total (P) Residue, V o l a t i l e 
Cyanide, Total S i l i c a 16. 
Cyanide, Free Sp e c i f i c_Conduc t anc e_(umho)_ 1520. 
Phenols Sulfate 824. 
Ant imony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium Turbidity NTU 
Beryllium BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium 340. Dieldr i n 
Chromium, Total Endrin 
Chromium, VI Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaCÔ ) 990. Lindane 
Iron Methoxychlor 
Lead Toxaphene 
Magnesium 34. 2,4-D 
Manganese 2,4,5-TP-Silvex 
Mercury 2,4,5-T 
Nickel Sulfides 
Potassium 1.3 Bromoforrn 
Selenium Bromodichloromethane 
Silver Carbon Tetrachloride 
Sodium 8.2 Chloroform 
Thallium Chloromethane 
Zinc Dibromochloromethane 
pH 7.20 Methylene Chloride 
Acidity, Total Tetrachloroethylene 
A l k a l i n i t y , Total (CaC03) 192. 1,1,1-Trichloroethane 
A l k a l i n i t y , Bicarbonate (CaC03> Trichloroethylene 
Bromide <1.25 Trihalomethanes 
Carbon Dioxide Sulfide ( ) <1. 
Chloride <10. Temperature (°C) 
Dissolved Oxygen Methane <0.01 
COMMENTS: Coliform not detected 

ANALYST: y C ^ L ^ W ^ DATE: 'A(* 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT j 

SAMPLE NO.:S96-0084 QA/QC GROUP NO.:Q96-0023 1 

SAMPLE LOCATION: Washington Ranch 

SAMPLE SITE DESCRIPTION: Hood I r r i g a t i o n W e l l 

SAMPLE DATE (MM/DD/YY): 02/22/96 TIME:09:27 

SAMPLE COLLECTED BY: John Bennett 

Analysis Analysis 
Results (mg/l) Results (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand Fluoride 0.18 
Kjeldahl Nitrogen (N) Iodide 
Nitrate (N) <1.25 Odor 
N i t r i t e (N) Residue, Total 
Oi l & Grease Residue, F i l t e r a b l e (TDS) 1115. 
Organic Carbon Residue, Nonfilterable (TSS) 
Orthophosphate (P04) Residue, Settleable 
Phosphorus, Total (P) Residue, V o l a t i l e 
Cyanide, Total S i l i c a 15. 
Cyanide, Free Specific_Conductance_(umho)_ 1211. 
Phenols Sulfate 558. 
Antimony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium Turbidity NTU 
Beryllium BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium 228. Diel d r i n 
Chromium, Total Endrin 
Chromium, VI Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaCO^) 750. Lindane 
Iron Methoxychlor 
Lead Toxaphene 
Magnesium 44. 2,4-D 
Manganese 2,4,5-TP-Silvex 
Mercury 2,4,5-T 
Nickel Sulfides 
Potassium 1.1 Bromoforrn 
Selenium Bromodichloromethane 
Silver Carbon Tetrachloride 
Sodium 13.0 Chloroform 
Thallium Chloromethane 
Zinc Dibromochloromethane 
pH 7.20 Methylene Chloride 
Acidity, Total Tetrachloroethylene 
A l k a l i n i t y , Total (CaC03) 210. 1,1,1-Trichloroethane 
A l k a l i n i t y , Bicarbonate (CaC03) Trichloroethylene 
Bromide <1.25 Trihalomethanes 
Carbon Dioxide Sulfide ( ) <1. 
Chloride <10. Temperature (°C) 
Dissolved Oxygen Methane <0.01 
COMMENTS: Coliform not detected 

ANALYST: A ^ ^ J l ^ DATE: 3/S'/90> 
/ 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT 

SAMPLE NO.:S96-0085 QA/QC GROUP NO.:Q96-0023 

SAMPLE LOCATION: W a s h i n g t o n Ranch 

SAMPLE SITE DESCRIPTION: Hood D o m e s t i c W e l l 

SAMPLE DATE (MM/DD/YY): 02/22/96 

SAMPLE COLLECTED BY: John B e n n e t t 

TIME:09:38 

Analysis 
Results (mg/l) 

Analysis 
Results (mg/l) 

Ammonia_(N) 
Chemical_Oxygen_Demand_ 
Kj eldahl_Nitrogen_(N) 
N i t r a t e _ ( N ) 
N i t r i t e _ ( N ) 
O i l & Grease 

<1 

Organ i c_Carbon 
Orthophosphate_(P0 4) _ 
Phosphorus,_Total_(P) 
Cyanide,_Total 
Cyanide,_Free 
Phenols 
Ant imony 
Arsenic 
Barium 
Beryllium_ 
Boron 
Cadmium 
Calcium 69 
Chromium,_Total_ 
Chromium,_VI 
Copper 
Hardness_(CaC0 3) 
I r o n 
Lead 

280 

Magnesium_ 
Manganese_ 
Mercury 
N i c k e l 

26 

Potassium_ 
Selenium 
S i l v e r 
Sodium 
Thallium 
Zinc 
PH_ 
A c i d i t y , _ T o t a l 
A l k a l i n i t y , _ T o t a l _ ( C a C 0 3 ) 
A l k a l i n i t y , _ B i c a r b o n a t e _ ( C a C 0 3 ) 
Bromide 
CarbonJDioxide 
Chloride 
Dissolved Oxygen 

234 

<1 

<10 

25 

Color 
Fluoride_ 
Iodide 
Odor 

0 

Residue,_Total 
Residue,_Filterable_(TDS) 
Residue,_Nonfilterable_(TSS) 
Residue,_Settleable 
Residue,_Volatile 
S i l i c a 

437 

Specific_Conductance_ 
S u l f a t e 
S u l f i t e 

(umho) 
_10 
493 
41 

Surfactants-MBAS_ 
T u r b i d i t y 
BHC_Isomers 
Chlordane 
DDT_Isomers 
D i e l d r i n 
Endrin 

NTU 

Heptachlor 
Heptachlor_Epoxide_ 
Lindane 
Methoxychlor_ 
Toxaphene 
2,4-D 
2,4,5-TP-Silvex_ 
2,4,5-T 
Sul f i d e s 
Bromoforrn 
Bromodichloromethane_ 
Carbon_Tetrachloride_ 
Chloroform 

55 

Chloromethane 
Dibromochloromethane_ 
Methylene_Chloride 

25 

Tetrachloroethylene 
1,1,l-Trichloroethane_ 
T r i c h l o r o e t h y l e n e 
Trihalomethanes 
S u l f i d e (. 
Temperature 
Methane 

) 

(°C) 
<1 

<0 

11 

01 
COMMENTS: Co l i f o r m TNTC 

ANALYST: DATE 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT j 

SAMPLE N O . : S 9 6 - 0 0 8 6 QA/QC GROUP NO.:Q96-0023 

SAMPLE LOCATION: W a s h i n g t o n Ranch 

SAMPLE S I T E DESCRIPTION: Hood D o m e s t i c W e l l 

SAMPLE DATE ( M M / D D / Y Y ) : 0 2 / 2 2 / 9 6 T I M E : 0 9 : 4 0 

SAMPLE COLLECTED BY: J o h n B e n n e t t 

Ana lys i s 
Results (mg/l) 

Ana lys i s 
Resul ts (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand F l u o r i d e <0.1 
K j e l d a h l N i t r o g e n (N) Iod ide 
N i t r a t e (N) <1.25 Odor 
N i t r i t e (N) Residue, T o t a l 
O i l & Grease Residue, F i l t e r a b l e TDS) 440. 
Organic Carbon Residue, N o n f i l t e r a b l e (TSS) 
Orthophosphate (P0 4 ) Residue, S e t t l e a b l e 
Phosphorus, T o t a l (P) Residue, V o l a t i l e 
Cyanide, T o t a l S i l i c a 1 1 . 
Cyanide, Free S p e c i f i c Conductance _(umho)_ 494. 
Phenols S u l f a t e 4 1 . 
Ant imony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium T u r b i d i t y NTU 
B e r y l l i u m BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium 69. D i e l d r i n 
Chromium, T o t a l Endr in 
Chromium, V I Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaCO^) 278. Lindane 
I r o n Methoxychlor 
Lead Toxaphene 
Magnesium 26. 2,4-D 
Manganese 2 , 4 , 5 - T P - S i l v e x 
Mercury 2 , 4 , 5 - T 
N i c k e l S u l f i d e s 
Potassium 0.8 Bromoforrn 
Selenium Bromodichloromethane 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium 4.6 Chloroform 
T h a l l i u m Chloromethane 
Zinc Dibromochloromethane 
pH 7.55 Methylene Chlor ide 
A c i d i t y , T o t a l Te t r ach lo roe thy lene 
A l k a l i n i t y , T o t a l (CaC03) 236. 1 ,1 ,1 -Tr i ch lo roe thane 
A l k a l i n i t y , Bicarbonate (CaC03) T r i c h l o r o e t h y l e n e 
Bromide <1.25 Trihalomethanes 
Carbon Dioxide S u l f i d e ( ) < 1 . 
Ch lo r ide <10. Temperature (°C) 
Disso lved Oxygen Methane <0.01 
COMMENTS: C o l i f o r m TNTC 

ANALYST: ^ / L * ~ ~ DATE: 3 A/it> 



TRANSMISSION OPERATIONS LABORATORY SAMPLE REPORT j 

SAMPLE NO..-S96-0087 QA/QC GROUP NO.:Q96-0023 

SAMPLE LOCATION: W a s h i n g t o n Ranch 

SAMPLE SITE DESCRIPTION: EPNG W e l l 

SAMPLE DATE (MM/DD/YY): 02/22/96 TIME:10:20 

SAMPLE COLLECTED BY: Joh n B e n n e t t 

Analysis Analysis 
Results (mg/l) Results (mg/l) 

Ammonia (N) Color 
Chemical Oxygen Demand Fluoride <0.1 
Kj e l d a h l Nitrogen (N) Iodide 
N i t r a t e (N) <1.25 Odor 
N i t r i t e (N) Residue, T o t a l 
O i l & Grease Residue, F i l t e r a b l e (TDS) 441. 
Organic Carbon Residue, N o n f i l t e r a b l e (TSS) 
Orthophosphate (P0 4) Residue, S e t t l e a b l e 
Phosphorus, T o t a l (P) Residue, V o l a t i l e 
Cyanide, T o t a l S i l i c a 13. 
Cyanide, Free Specific_Conductance_(umho)_ 494. 
Phenols S u l f a t e 40. 
Ant imony S u l f i t e 
Arsenic Surfactants-MBAS 
Barium T u r b i d i t y NTU 
Be r y l l i u m BHC Isomers 
Boron Chlordane 
Cadmium DDT Isomers 
Calcium 68. D i e l d r i n 
Chromium, T o t a l Endrin 
Chromium, V I Heptachlor 
Copper Heptachlor Epoxide 
Hardness (CaCO?) 278. Lindane 
I r o n Methoxychlor 
Lead Toxaphene 
Magnesium 26. 2,4-D 
Manganese 2,4,5-TP-Silvex 
Mercury 2,4,5-T 
Nic k e l S u l f i d e s 
Potassium 0.9 Bromoforrn 
Selenium Bromodichloromethane 
S i l v e r Carbon T e t r a c h l o r i d e 
Sodium 4.5 Chloroform 
Thallium Chloromethane 
Zinc Dibromochloromethane 
pH 7.51 Methylene Chloride 
A c i d i t y , T o t a l Tetrachloroethylene 
A l k a l i n i t y , T o t a l (CaC03) 236. 1,1,1-Trichloroethane 
A l k a l i n i t y , Bicarbonate (CaC03) T r i c h l o r o e t h y l e n e 
Bromide <1.25 Trihalomethanes 
Carbon Dioxide S u l f i d e ( ) < l . 
Chloride <10. Temperature (°C) 
Dissolved Oxygen Methane <0.01 

COMMENTS: Co l i f o r m not detected 

ANALYST : tfaSj^^^l DATE : '/^ 
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# • 

Mffltural Gas Contamination at Rattlesnake Springs, Carlsbad Caverns national 
Park: Review of the Geohydrology i n the V i c i n i t y of Rattlesnake Springs and 
the Contamination Problem 

Introduction 

Carlsbad Caverns National Park (CCNP) r e l i e s on one source of potable 
water, Rattlesnake Springs, located approximately 8 miles south of the park 
i n the upper Black River Valley. The National Park Service (NPS) has water 
rights to th i s water dating to the 1880's. Water use at CCNP ranges from 
500,000 to 1,000,000 gallons per day to supply a peak v i s i t o r load of 10,000 
v i s i t o r s per day and to supply 20-30 year round residences used by NPS 
personnel. Water i s scarce i n this area and Rattlesnake Springs represents a 
unique and probably irreplaceable water resource. 

The upper Black River Valley south and west of Rattlesnake Springs was 
developed i n the 1970's as a natural gas f i e l d . After t h i s resource was 
exhausted i n 1981, t h i s area was developed as a natural gas r e i n j e c t i o n and 
storage f a c i l i t y , the Washington Ranch Gas Storage Project. By 1984, a t o t a l 
of 23 gas injection/withdrawal wells have been placed i n service withi n two 
miles of Rattlesnake Springs. 

Groundwater contamination appears to have occurred i n several water wells 
near Rattlesnake Springs due to leakage of natural gas from several of the gas 
injection/withdrawal wells. Elevated concentrations of benzene and polycyclic 
aromatic hydrocarbons have been documented i n the impacted wells along with 
_sulfide contamination and accompanying odor and well corrosion. 

At issue is whether these contaminants can move through groundwater to 
Rattlesnake Springs and impact this water source. Rattlesnake Springs l i e s 
approximately 1.25 miles north of the gas re i n j e c t i o n area and i n the general 
path of groundwater flow. The goal of this investigation i s to assess the 
potential for natural gas contamination at Rattlesnake Springs and to suggest 
appropriate remedial action(s). 

Report Contents 

This report presents a summary of background information important to an 
understanding of the natural gas groundwater contamination problem i n the 
upper Black River Valley i n the v i c i n i t y of Rattlesnake Springs. This report 
contains a l i t e r a t u r e review of the geology and hydrology of the area 

~: including a bibliography of important resource materials, a history of the 
^--.groundwater contamination problem, the potential impacts of thi s 

contamination at Rattlesnake Springs, and a b r i e f presentation of Colorado 
State University's a c t i v i t i e s i n this investigation. 
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Geology of the Upper Black River Valley 

The upper Black River Valley is located i n the southeast corner of New 
Mexico near the Texas border. This small valley of approximately 35 miles i n 
length is bordered on the north and northwest by the Guadalupe Mountains which 
rise 300-700 feet above the valley floor and bordered on the east by the Yeso 
H i l l s , shown i n Figure 1. Elevations range from 4200 feet above sea level at 
the southwest end of the valley near the mouth of Slaughter Canyon to 3250 
feet at Blue Springs at the northeast end of the valley, a drop i n elevation 
of approximately 25 feet per mile. Rattlesnake Springs i s located near the 
northeast end of the valley at an elevation of 3650 feet. The valley i s 
bordered on the east by the Black River which is generally dry for most of 
i t s length. Surface water i s present year round only i n a limited section of 
the r i v e r near Rattlesnake Springs due to a series of small dams and 
groundwater discharge i n this area. 

Important geologic features of the upper Black River Valley and the 
adjacent Guadalupe Mountains are shown i n Figure 2. The Guadalupe Mountains 
i n t h i s area, known as the reef escarpment, are the remains of what once was 
the Delaware Basin (King 1948). This basin i s one of the largest o i l 
producing areas of the world. Carlsbad Caverns National Park l i e s on top of 
what remains of the reef at a distance of 5.5 miles north of Rattlesnake 
Springs. 

The Black River Valley i t s e l f i s underlain by a series of geologic 
formations including, i n order, the alluvium, the Castile Formation, the 
Bell Canyon Formation, and the Morrow Formation. 

The uppermost layer i n the Black River Valley i s the deposited alluvium, 
quaternary i n age and produced by weathering and deposition of materials from 
the Guadalupe Mountains. This alluvium layer ranges i n thickness from shallow 
near the reef escarpment to 100-350 feet deep near the Black River. I t is 
composed of reworked gypsum, conglomerate, boulders, gravel, sand, s i l t , and 
clay (King 1952). The conglomerate is composed of limestone boulders and 
pebbles cemented by calcium carbonate, forming a dense rock. Fracturing and 
slumping occurs commonly i n t h i s material. The a l l u v i a l fans near the canyon 
mouths tend to be poorly sorted sand and gravel. Clays become more dominant 
nearer the Black River Valley. 

The Castile Formation underlies the alluvium i n the upper Black River 
Valley. When o r i g i n a l l y deposited, t h i s formation was mostly anhydrite. 
Groundwaters have eroded and altered the anhydrite to gypsum and i n the 
process have created many sink holes and channels. These have f i l l e d with 
alluvium materials such as sand, s i l t and clay to form stringers. This 
weathered formation is r e l a t i v e l y t h i n i n depth i n the upper Black River 
Valley (Hale 1955). I t extends to the southeast where i t i s known as the Yeso 
H i l l s (Durham et a l . 1972) and to the north where i t i s known as the Gypsum 
Plains (King 1948). The Gypsum Plain i s a karst formation containing sink 
holes, troughs, breccia, sinking streams, and gypsum caves ( H i l l 1987). 
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The Bell Canyon Formation, an o i l producing formation, underlies the 
Castile Formation i n the upper Black River Valley. The Bell .Canyon Formation 
consists of sandstone and limestone members (King 1948; H i l l 1987). This 
formation was t i l t e d a few degrees to the northeast when the Guadalupe 
Mountains u p l i f t e d i n the geologic past, resulting i n the migration of o i l 
and gas into the Castile Formation through permeable areas such as j o i n t s . 

f~These hydrocarbons resulted i n the formation of hydrogen sulfide and carbon 
V dioxide gases in t h i s formation, leading to s u l f u r i c acid and i t s reaction 

j with limestone to form large cave voids, including Carlsbad Caverns ( H i l l 
~11987). Boreholes d r i l l e d into the Castile Formation have shown up to 55% 
(^carbon dioxide and 28% hydrogen sulfide gas compositions ( H i l l 1987). 

The reef escarpment i s underlain by the Capitan Limestone Formation, 
which int e r f i n g e r s with the Bell Canyon Formation i n the upper Black River 
Valley (Hendrickson 1952). This w i l l be discussed l a t e r as i t i s one of the 
two water-bearing formations i n this area (the upper Black River Valley 
alluvium being the second). 

The Morrow Formation underlies the Bell Canyon Formation at a depth of 
approximately 7000 feet below the upper Black River Valley. The Morrow 
formation is the source of natural gas i n the valley and the s i t e of 
reinjected natural gas storage. 

Hydrology of the Upper Black River Valley 

Climate i n the upper Black River Valley i s semiarid with an average 
annual r a i n f a l l of 10-14 inches, concentrated i n the summer (May-October) as 
storm events. The area i s noted for a large year-to-year vari a t i o n i n 
r a i n f a l l . For example, the 1986-1987 season was a record wet year with 
approximately 30 inches of r a i n f a l l . Local r a i n f a l l i n the valley and the 
adjacent Guadalupe Mountains i s the main source of water for t h i s area. 
Surface water is l i m i t e d , being found only i n a short section of the Black 
River near Rattlesnake Springs due to a series of small dams and groundwater 
discharge i n t h i s area. Most water use i n the valley is dependent on 
groundwater. 

Carlsbad Caverns National Park was the f i r s t s i g n i f i c a n t user of 
groundwater i n the upper Black River Valley with water rights dating to the 
1880's. Water reportedly was f i r s t used i n t h i s valley for i r r i g a t i o n i n 1946 
followed by i n s t a l l a t i o n of numerous i r r i g a t i o n wells i n the early 1950's. By 
1952, 670 acres were being i r r i g a t e d with groundwater (Hale 1955). Concern 
for possible effects of groundwater withdrawal for i r r i g a t i o n on the water 
supply at Rattlesnake Springs prompted an indepth investigation i n 1952 on 
water use i n the upper Black River Valley by the USGS, the New Mexico State 
Engineer's Office, and the NPS. The Hale Report (1955) resulted from these 
investigations. State control of groundwater use i n the upper Black River 
Valley was established when the Carlsbad Groundwater Basin was created by the 
New Mexico State Engineer's Office i n 1952. Concern over water use i n the 
valley culminated i n a court case in 1960 which apportioned water use i n the 
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valley (U.S. versus Ballard et a l . , No. 4194 i n U.S. D i s t r i c t Court, 1960). 

There are three water-bearing geologic formations i n the upper Black 
River Valley: the valley alluvium; the Capitan and Carlsbad limestones; and 
the Castile Formation. The valley alluvium and the Capitan Limestone have 
been designated as the Cenozoic Alluvium Aquifer and the Capitan Aquifer, 
respectively, by the New Mexico State Engineers Office (Richey et a l . 1985). 

The p r i n c i p a l water-bearing formation i n the upper Black River Valley i s 
the alluvium. The actual flood plain of the Black River is only a few hundred 
yards wide, but is bordered by coalescing a l l u v i a l fans to the north and west 
which makes the alluvium 3 to 4 miles wide i n the upper Black River Valley. 

Water recharge to the alluvium i s derived p r i n c i p a l l y from i n f i l t r a t i o n 
of floodwaters i n the larger canyons , e.g. Slaughter and Rattlesnake 
Canyons, heading i n the Guadalupe Mountains, shown i n Figure 1 (Hendrickson 
1952; Hale 1955). Smaller amounts of water may be contributed from direct 
p r e c i p i t a t i o n on the alluvium, from the gypsum beds (Castile Formation) to 
the north and south of Rattlesnake Springs, and from perched water-bearing 
beds i n the Capitan and Carlsbad Limestones. These l a t t e r sources w i l l be 
discussed l a t e r . 

The upper Black River Valley alluvium consists of unconsolidated to 
consolidated beds of boulders, cobbles, gravel, sand, s i l t , and clay eroded 
from the nearby Guadalupe Mountains. Near the canyon mouths t h i s alluvium i s 
unconsolidated as coalesced a l l u v i a l fans. Nearer the Black River i t i s 
composed of reworked gypsum and consolidated limestone conglomerate. Some of 
the alluvium f i l l s sinkholes developed i n the underlying gypsum beds of the 
Castile Formation. Alluvium ranges i n thickness from th i n i n the canyons and 
near the Guadalupe Mountains to depths of 90-350 feet near the Black River. 

While the conglomerates constitute only a small part of the alluvium, 
the largest yields of groundwater are obtained from t h i s material (Hale 1955). 
This conglomerate is composed of limestone pebbles and boulders cemented by 
calcium carbonate to form a dense, highly fractured rock with numerous voids 
and solution channels. The conglomerates occur most commonly as f i l l i n 
buried channels cut into the underlying gypsum or older alluvium. Several 
cemented gravel beds occur i n the upper Black River Valley which are separated 
by clay. These appear to act as independent aquifers, with limited hydraulic 
connections (Hale 1955). 

Well logs for wells near Rattlesnake Springs show alluvium 100-200 feet 
thick. These well logs document the presence i n the alluvium of coarse sand 
and gravel with high hydraulic conductivity (termed " s t r i n g e r s " ) . Also, 
numerous voids or small caverns have been encountered during well d r i l l i n g 
into the alluvium. Groundwater flows through t h i s alluvium primarily through 
stringers of conglomerate or through well defined solution channels i n the 
conglomerate (Hale 1955). Well yields are too low for i r r i g a t i o n use where 
the conglomerate is t h i n , nonexistent, or without fractures. 

Groundwater flow through the alluvium i n the upper Black River Valley i s 
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from southwest to northeast, heading i n the Guadalupe Mountains and 
discharging p a r t l y at Rattlesnake Springs and pa r t l y at Blue Springs (see 
Figure 1). Groundwater occurs under both unconfined and confined (artesian) 
conditions. Artesian conditions are localized, caused by an alluvium 
overburden of low permeability s i l t s and clays. 

Depth to the water-bearing layer i n the v i c i n i t y of Rattlesnake Springs 
varies from 150 to 350 feet, with a s t a t i c water level i n wells of 
approximately 90-100 feet due to artesian conditions. The unconsolidated 
alluvium has a reported c o e f f i c i e n t of storage of 0.2 and a coefficient of 
t r a n s m i s s i b i l i t y of 25,000-60,000 gallons per day per foot (Hale 1955; 
Sprester and Uribe 1982). The upper Black River Valley alluvium yields large 
volumes of water to wells or springs. I r r i g a t i o n wells near Rattlesnake 
Springs produce 650-1300 gallons per minute flow with minor drawdowns of 10-20 
feet after 9 hours of pumping (Hale 1955; Sprester and Uribe 1982). A l l these 
high producing wells are finished i n the alluvium conglomerate layer. 

Groundwater discharges at Rattlesnake Springs from a conglomerate through 
overlying sand and gravel. In the area around the Springs i n Neuro Canyon 
Draw, the conglomerate is overlain by s i l t and clay, resulting i n s l i g h t 
artesian pressure at Rattlesnake Springs. Flow at Rattlesnake Springs varies 
seasonally and from year-to-year, ranging from 1.7 to 7 cubic feet per 
second ( c f s ) , usually i n the range 4-5 cfs. Flow is highest i n January and 
lowest i n August, the lowest flow coinciding with maximum i r r i g a t i o n water 
withdrawal i n late summer. 

There exist two additional water-bearing formations i n the upper Black 
River Valley that could contribute water to the alluvium aquifer. The f i r s t 
i s the Capitan limestone which underlies the reef escarpment and which 
interfingers with the Castile formation at the northern edge of the upper 
Black River Valley. 

The zone of saturation i n the Capitan limestone underlying the reef 
escarpment (shown i n Figure 2) is at 1025 feet below the mouth of Carlsbad 
Caverns (unsounded pool) and at an a l t i t u d e of 3325 feet. This water level i s 
approximately 300 feet below the alluvium surface i n the upper Black River 
Valley 1.5 miles south of the Caverns. Groundwater thus does not move south 
to the alluvium due to i t s lower elevation. I t i s possible that groundwater 
from the alluvium moves northward into the Capitan limestone, however, 
sandstone barriers exist that would l i m i t t h i s . Some perched aquifers i n the 
Capitan limestone could contribute a small amount of recharge to the alluvium. 
This water would l i k e l y pick up s i g n i f i c a n t chloride content from the 
intervening sandstone of the Guadalupe series. Since the chloride content of 
groundwater i n the upper Black River Valley i s low, contribution of water 
from perched aquifers i n the Capitan limestone to groundwater i n the alluvium 
appears minimal (Hale 1955). 

The second source of additional recharge to the upper Black River Valley 
alluvium i s the Castile Formation or gypsum beds. This appears to be a more 
sig n i f i c a n t source of water to the alluvium than the Carlsbad limestone. 
Stock wells finished i n the gypsum beds north and east of Rattlesnake Springs 
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where the alluvium i s t h i n y i e l d l i m i t e d amounts of water. Groundwater 
or i g i n a t i n g i n the gypsum beds has a high mineral and sulfate content compared 
to the alluvium groundwater. 

The mineral content of groundwaters i n the upper Black River Valley vary 
s i g n i f i c a n t l y , p a r t i c u l a r l y i n calcium and sulfate. The best qualit y water, 
containing less than 500 ppm sulfate, occurs to the west of Rattlesnake 
Springs, shown i n Figure 3. Sulfate content of groundwater increases north 
and south of Rattlesnake Springs where recharge may occur from the gypsum beds 
or where groundwater flows through subsurface gypsum. The presence of low 
sulfate groundwater i n s u f f i c i e n t quantity for use appears to be confined 
p r i n c i p a l l y to a narrow s t r i p of the upper Black River Valley running 
southwest to northeast from Slaughter Canyon to Rattlesnake Springs. 

Reported groundwater qualit y for wells shown i n Figure 3 agree with the 
generalized sulfate content contour lines also shown i n Figure 3. Mineral 
content of groundwater at Rattlesnake Springs i s low for the area, with an 
average bicarbonate content of 290 mg/L, a sulfate content of 110-120 mg/L, 
and a chloride content of 6 mg/L. Similar or lower values are observed for 
the Central Farm-West w e l l , the Smart house w e l l , and the Colwell well. 
There i s some increase i n mineral and sulfate content of groundwater i n going 
towards Rattlesnake Springs from nearby, downgradient wells. 

Higher mineral and sulfate content are observed i n water from wells 
located east of the above wells. The Central; Farm well and the two Ballard 
wells are reported to have approximately 600 mg/L sulfate content. Water from 
these wells either is p a r t l y derived from the Castile Formation (gypsum beds) 
or i s alluvium groundwater that has traveled through subsurface gypsum 
deposits. I t should be noted that the sulfate gradients i n groundwater shown 
in Figure 3 are not fixed, rather, can vary seasonally or from year-to-year 
with varying recharge to the alluvium and the gypsum beds. 

Groundwater flow i n the upper Black River Valley i n the v i c i n i t y of 
Rattlesnake Springs appears to be complex. Groundwater flows through solution 
channels and voids i n the subsurface conglomerate and several more or less 
isolated aquifers may occur, separated by clay and s i l t b a r r i e r s . 

The Rattlesnake Springs aquifer appears to be tapped by at least 3 other 
wells. Reported hydraulic connections of nearby wells to Rattlesnake Springs 
are l i s t e d i n Table 1 and their location i s shown i n Figure 4. These 
hydraulic connections were determined by observing diminished flows at 
Rattlesnake Springs when the nearby wells were being used for i r r i g a t i o n (Hale 
1955). Hydraulic connection cannot be inferred simply by nearby location of a 
we l l , due to the existence of solution channels, stringers, caverns or 
voids, and the presence of s i l t and clay barriers i n the alluvium. 

The CARC, Central Farm-West, and the Smart house wells tap the same 
aquifer and are hydraulically connected to Rattlesnake Springs. No 
information could be found for the Central Farm w e l l . The two Ballard wells, 
the s i t e of current natural gas contamination, are only pa r t l y connected to 
Rattlesnake Springs, most of the flow from these passing south of the 
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Figure 3- Major Geologic Features and Sulfate Content of Groundwaters im the 
Upper Black River Valley (modified from Hale 1955). 
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TABLE 1 „ Reported Hydraulic Connections of Nearby Wells to Rattlesnake 
Springs*» 

Hell Hydraulic Connection to Rattlesnake Springs 
Connected Partly Not 

Connected Connected 

CARC + 

Central Farm ? ? ? 

Central Farm - West + 

Smart House + 

Smart I r r i g a t i o n + or + 

Ballard - 8 + 

Ballard - 6 + 

Sulfur + 

based on information i n Hale (1955) and the court case: U.S. versus Ballard 
et a l . , No. 4194 i n U.S. D i s t r i c t Court (I960). 
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Springs. These wells could contribute a variable amount of flow to the 
Springs, dependent on variable seasonal groundwater flows i n the area. The 
Sulfur Exploration w e l l , located north of the Springs, i s not connected. 

The Smart i r r i g a t i o n well appears to be only marginally connected to 
Rattlesnake Springs, or not at a l l , with groundwater from t h i s well passing 
northwest of Rattlesnake Springs. One explanation for this is the existence 
of a groundwater barrier between the Smart house and i r r i g a t i o n wells, shown 
diagramatically i n Figure 5. Static water levels i n these two wells, located 
within 100 yards of each other, d i f f e r by approximately 10 feet. I t may be 
that t h i s barrier i s not complete, and groundwter may move between these 
wells and hence enter the flowpath to Rattlesnake Springs at certain hydraulic 
conditions. 

Generalized groundwater flow towards Rattlesnake Springs i s shown i n 
Figure 4. Lower elevations to the southeast of Rattlesnake Springs cause 
groundwater found here to flow away from the Springs. Groundwater flowing out 
of the perched aquifers i n the Capitan limestone north of Rattlesnake Springs 
appears to flow eastward, not entering the Springs aquifer. Water from the 
Capitan limestone would be high i n chloride due to passage through sandstone, 
and the low chloride content of groundwater at Rattlesnake Springs indicates 
that recharge from the Capitan limestone i s not s i g n i f i c a n t . The main source 
of groundwater to Rattlesnake Springs comes from the alluvium to the west and 
southwest. Groundwater traveling only through the alluvium would have lower 
sulfate content. Water ori g i n a t i n g i n the gypsum beds or passing through 
subsurface gypsum deposits would have a higher sulfate content. Groundwater at 
Rattlesnake Springs probably represents a mixture of these two types of 
groundwater. The r e l a t i v e contribution of these two sources would determine 
the mineral and sulfate content of groundwater at Rattlesnake Springs. 

Groundwater quality problems reported to date i n the upper Black River 
Valley include natural high mineral content, p r i n c i p a l l y hardness and 
sulfate; impacts of natural gas leakage from gas injection/withdrawal wells 
(the main emphasis of t h i s report, discussed l a t e r ) ; and reported 
bacteriological contamination. Sprester and Uribe (1982) reported i n 1981 
that several wells i n the M i l l e r Farm Sprinkler well f i e l d , located one mile 
south and upgradient of Rattlesdnake Springs, had murky water, sulfide 
contamination, and bacteriological contamination. The authors of t h i s report 
stated that t h i s well contamination resulted from backsiphonage of a stock 
tank into the supplying w e l l . These authors further suggested that this 
problem was widespread i n the upper Black River Valley and was the most 
si g n i f i c a n t groundwater contamination problem i n the area. 

However, review of t h e i r data and a personal v i s i t to the area did not 
support these conclusions. Coliform counts reported by Sprester and Uribe for 
two "contaminated" wells were 0/100 mis and 6/100 mis. These are not high 
values. Further, this may be the only example i n the immediate v i c i n i t y of 
Rattlesnake Springs, as no other example could be found upon s i t e 
investigation. 
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History of Natural Gas Reinjection by E l Paso Natural Gas Company 

The Washington Ranch natural gas f i e l d i n the upper Black River Valley i n 
Eddy County, New Mexico, was discovered i n June, 1971, with i t s subsequent 
development by the El Paso Natural Gas (EPNG) Company. By 1981, 13 extraction 
wells had been finished i n the Morrow Formation at depths ranging from 6795 to 
6844 feet. This well f i e l d was exhausted by 1981, with cumulative gas 
production of 58 Bcf of natural gas. 

Approval was granted i n March, 1981, by the Federal Energy Regulatory 
Commission for the EPNG Company to use the upper Black River Valley Morrow 
Formation as a natural gas reinjection/storage area. Natural gas i s delivered 
to the area via a pipeline from northern Texas and stored underground, 
p r i n c i p a l l y i n the summer, for ultimate delivery to southern California. Six 
of the existing gas extraction wells were modified and 17 new wells were 
constructed for a t o t a l of 23 gas injection/withdrawal wells. These wells are 
located i n sections 27, 28, 33 and 34 of T 25 S and sections 3 and 4 of T 26 S 
(see Figures 3 and 4). Nineteen of these wells are located on the Ballard's 
property, essentially surrounding his i r r i g a t i o n and domestic supply water 
wells. Natural gas r e i n j e c t i o n started sometime about 1981-1982. 

Groundwater Contamination by Natural Gas in the Upper Black River Valley 

Impacts on groundwater by natural gas leakage were f i r s t noticed i n the 
area immediately adjacent to several of the gas r e i n j e c t i o n wells shortly 
after gas re i n j e c t i o n started, sometime i n 1982. Mr. Colwell, an area 
rancher, noted a s l i g h t lemon taste to his well water and said that o i l slicks 
were observed i n several water wells i n the area. To his knowledge, only Mr. 
Ballard's wells had s i g n i f i c a n t problems (personal communication, 8/9/88). 

Mr. Ballard f i r s t noticed problems i n his two wells i n 1982. These 
included tastes and odors, discolored (black) water, and si g n i f i c a n t 
corrosion to well casings and pumps. Testing i n 1984 revealed benzene 
contamination i n the Ballard two wells at 9 and 19 ppb and the presence of 
polycyclic aromatic hydtocarbons i n the well water that matched those found i n 
the natural gas being reinjected. Mr. Ballard and other parties have f i l e d a 
lawsuit against EPNG Company for this contamination which is due to be heard 
early i n 1989. I v i s i t e d the Ballard wells on 8/12/87 and observed extreme 
corrosion of the well casings, black-colored well water with a strong sulfide 
odor, black staining of bathroom fi x t u r e s and the nearby cement-lined 
i r r i g a t i o n water canals, and lack of aquatic growth or l i f e i n a stock pond 
supplied with contaminated well water. Mr. Ballard reported that crops would 
not grow with the well water and that his livestock refused to drink the 
water. Mr. Ballard also showed me recently a video of the removal of a 
severely corroded pump from one of his wells. 

Possible well contamination was f i r s t noticed at the Smart house w e l l , 
located 0.8 miles north of the Ballard wells and i n the general flowpath of 
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groundwater towards Rattlesnake Springs, i n the summer of 1987. Mr. Smart 
reported debris i n his domestic well and a strong sulfide/petroleum odor. He 
said that he suffered nausea from bathing i n the water. At my s i t e v i s i t to 
the Smart house well on 8/12/87 I noticed sulfide odor i n his water. Mr. Smart 
further reported corrosion of his well pump f i r s t noticed i n the f a l l , 1987, 
and he said that this was unusual, the existing pump having been i n place 
since 1951. There had been no previous occurrence of well corrosion problems. 
To my knowledge, no testing of water for contamination has been done for the 
Smart house well prior to th i s investigation. 

Several of the natural gas injection/withdrawal wells located near the 
Ballard wells were found to be leaking shortly a f t e r i n s t a l l a t i o n , 
necessitating repairs completed i n 1984. Well repair reports describing the 
types of repairs needed for wells No. 10 and 17 are shown i n the Appendix. 
Well No. 10 i s located approximately 1/2 mile east of the Ballard wells and 
well No. 17 is located approximately 3/4 mile south of the Ballard wells. Mr. 
David Boyer, Environmental Bureau Chief, O i l Conservation Division, State of 
New Mexico, told me in a personal communication (8/88) that more than two of 
the injection/withdrawal wells have leaked and repairs to these wells have 
been common. Mr. Boyer wasn't sure that a l l gas leakage had been stopped at 
present, the subject of current investigation by the O i l Conservation 
Division. 

At issue is whether a l l natural gas leaks have been successfully repaired 
to date. A l e t t e r from Mr. David L. Siddall, attorney at law representing 
EPNG Company, to Mr. David Boyer of the New Mexico O i l and Gas Commission 
dated September 7, 1988, stated that the resevoir i n t e g r i t y at the Washington 
Ranch Gas Storage Project i s maintained and tested by periodic testing casing 
pressures at each injection/withdrawal well (see l e t t e r i n the Appendix). In a 
l e t t e r to Mr. Bobby Crisman, Acting Superintendent of Carlsbad Caverns 
National Park, dated August 1, 1988, Mr. Boyer states: " I f the casing 
i n t e g r i t y [ at the Washington Ranch Storage Project ] i s maintained and the 
well repairs were successful i n the early 1980's, no contamination due to 
current practices would be expected. Current contamination would l i k e l y be a 
result of past practices rather than current a c t i v i t i e s " ( l e t t e r shown i n the 
Appendix). 

I t should be noted that groundwater sulfide contamination problems are 
common i n t h i s area due to the occurrence of natural gas. The observation of 
sulfide i n groundwater alone does not prove a natural gas contamination 
problem from the injection/withdrawal wells. However, the observation of 
sulfide i n accompanyment with benzene or petroleum hydrocarbons such as 
methane does constitute good evidence of introduced natural gas contamination. 

Contaminants Observed i n Groundwater near Rattlesnake Springs 

Groundwater contaminants observed i n Mr. Ballard's wells include s u l f i d e , 
benzene, and polycyclic aromatic hydrocarbons. Sulfide i s most responsible for 
odors, water di s c o l o r i z a t i o n , and corrosion. 
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Benzene and the polycyclic aromatic hydrocarbons exist i n low 
concentration i n natural gas and other petroleum products. These exhibit a 
low but s i g n i f i c a n t s o l u b i l i t y i n water. Both are of a health concern as 
benzene and certain of the polycyclic aromatic hydrocarbons appear to be human 
carcinogens. 

Sulfide may originate from two sources: i t may be present i n the natural 
gas i t s e l f (termed "sour" gas) or be generated i n s i t u i n groundwater through 
microbiological oxidation of methane i n the presence of sulfate. I t was f i r s t 
thought that the natural gas being reinjected was "sour", however, Mr. David 
Boyer of the O i l Conservation Division said that the natural gas being 
reinjected was probably scrubbed clean of s u l f i d e . Therefore, microbiological 
production of sulfide during methane oxidation i s now thought to be the source 
of this contaminant. Sulfide i s generated i n groundwater by microbial 
oxidation of methane, the microorganisms using sulfate as an electron 
acceptor ("oxygen source") i n t h i s oxidation: 

bacteria 
CĤ  + SO^-- H2S + C02 (not balanced) 

Sulfide i s thus a by-product or consequence of methane contamination. 

Sulfide is corrosive to iron and s t e e l , producing the brown-black f e r r i c 
sulfide p r e c i p i t a t e . Sulfide contamination leads to other water quality 
changes including a decrease i n dissolved oxygen and a decrease i n pH. 

Potential Impacts on Rattlesnake Springs 

Although to date no contaminants or impacts from natural gas leakage have 
been observed at Rattlesnake Springs, concern exists for t h i s important water 
supply. As discussed previous, hydraulic connection appears to exist between 
Rattlesnake Springs and the downgradient contaminated wells. This hydraulic 
connection appears to be minimal at this time, .but could be more s i g n i f i c a n t 
i n other years due to varying hydrological events, i . e . wet versus dry years 
or a sequence of years. 

In the worst case scenario, impacts at Rattlesnake Springs would be 
similar to those observed at the Ballard wells: corrosion, tastes and odors, 
and the contamination by toxicants such as benzene and polycyclic aromatic 
hydrocarbons that would r e s t r i c t water use for potable purposes. 
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Current Goals of the Colorado State University Investigation 

Colorado State University (CSU) became involved i n t h i s potential 
groundwater contamination problem at Rattlesnake Springs i n August, 1987, when 
D. Michael Richard v i s i t e d the s i t e at the request of the NPS. Dr. Richard 
made a preliminary assessment at that time that further e f f o r t should be made 
to evaluate potential water contamination at Rattlesnake Springs. The NPS 
subsequently funded CSU i n July, 1988, to conduct a one year investigation 
of potential contamination at Rattlesnake Springs by natural gas leakage i n 
the area. The goals of the present investigation by CSU are as follows: 

1. to review existing information on the hydrology and geology of the 
upper Black River Valley i n the v i c i n i t y of Rattlesnake Springs to 
better enable assessment of potential water contamination at the 
Springs. 

2. to v i s i t the s i t e twice during the year to locate and sample available 
groundwater (existing wells) and to analyze these samples for a number 
of inorganic and organic parameters. These two sampling times were 
planned for August, 1988, and January, 1989, to coincide with the 
h i s t o r i c low and high groundwater flows at Rattlesnake Springs, 
respectively. 

3. to assemble th i s information into a r i s k assessment of possible impacts 
of contamination and the i r probability at Rattlesnake Springs. 

A. to provide the NPS with a review of possible remedial measures that 
could be taken to prevent or control water contamination at Rattle­
snake Springs, including their f e a s i b i l i t y and costs. 

17 
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Natural Cas Company 
El Paso 

OIL CONSERVATION hmsidri 
SANTA Ff 

SEP 9 1983 | [ | !

' \ 0 . BOX 1492 
I PASO, TEXAS 79078 
'HONE: 915 541-2694 

DAVID L. SIDDALL ATTORNEY AT LAW 

September 1 , 1988 

David G. Boyer, Hydrogeologist 
Environmental Bureau Chief 
New Mexico Energy, Minerals 

and Natural Resources Department 
O i l Conservation Division 
P. 0. Box 2088 
State Land Office Building 
Santa Fe, New Mexico 87504 

Re: Washington Ranch - Reservoir I n t e g r i t y Analysis 

Dear Mr. Boyer: 

This l e t t e r i s l n response to your inquiry to Dr. Henry Van 
with respect to the above-referenced matter. 

El Paso Natural Gas has a procedure i n place to assure that we 
maintain reservoir i n t e g r i t y at the Washington Ranch Gas Storage Project. 
S p e c i f i c a l l y , we p e r i o d i c a l l y measure tubing and casing pressures at each 
withdrawal/injection and monitor w e l l . The tubing pressures indicate 
reservoir pressure. By monitoring casing pressure, we can detect any 
leakage from the production tubing to the casing as w e l l as between the 
casing and the surrounding formations (either d i r e c t i o n ) . 

Sincerely; 

DLS:170/rml 

c: Dr. Henry Van 
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STATE OF NEW MEXICO 

ENERGŶ INERALS AND NATURAL RESOURCES DEWTMENT 

OIL CONSERVATION DIVISION 

GARREY CARRUTHERS POST OFFICE BOX ?088 
GOVERNOR STATE LAND OFFICE BUILDING 

SANTA FE. NEW MEXiCO 87504 
(5051827-5800 

August 1, 1988 

Mr„ Bobby L. Crisman 
Acting Superintendent 
Carlsbad Caverns National Park 
3225 National Parks Highway 
Carlsbad, New Mexico 88220 

REs Rattlesnake Springs Management Plan and Environmental 
Assessment 

Dear Mr. Crisman? 

The New Mexico Environmental Improvement Division (EID) has 
provided t h i s agency with a copy of the above document, and an 
EID memorandum (enclosed) expressing concern regarding water 
q u a l i t y because of natural gas production i n the area. 

Our Artesia d i s t r i c t o f f i c e has been queried regarding nearby 
operations and reports that no state or fee leases having 
production are located nearby. However, gas wells are located on 
federal leases, and our records indicate that reports of well 
repairs on several gas wells, including a well i n Section 27 
(T-25-S, R-24-E) about on mile southwest of the springs, have 
been f i l e d with the Bureau of Land Management (BLM) . The BLM 
Carlsbad o f f i c e should be contacted for further information. 
A d d i t i o n a l l y , the EID has information on a contaminated water 
w e l l further south i n the NŴ  of Section 34. Dennis McQuillan, 
of the EID Ground Water Section i n Santa Fe should be contacted 
for additional information. F i n a l l y , a February, 1982, El Paso 
Natural Gas Company report ("Water Resource Evaluation of the 
Washington Ranch Storage Project"), documented serious 
bacteriological p o l l u t i o n of the Sprinkler Field Well (SW*s, NE's, 
NW%, Section 27) and other nearby water wells due to back 
siphoning from a stock pond i n t o the w e l l . Since the water 
aquifer has a high transmissivity (the well produces 1200 gpm) 
and has been documented by the NPS to impact discharge at the 
springs, such p o l l u t i o n can degrade the otherwise good water 
qu a l i t y of the springs. The OCD i s not aware i f any remedial 
action was taken regarding the water w e l l . 
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Mr. Bobby L. Crijaan 
August 1, 1988 W 
Page 2 

The natural gas f i e l d s i n the area of Rattlesnake Springs have 
been largely played out and many nearby wells are now used to 
i n j e c t gas for underground storage. Since water i s not injected, 
large amounts of l i q u i d s are not being produced with the 
recovered gas. Since 1969 the OCD has r e s t r i c t e d disposal of 
produced water on leases i n t h i s area to one bar r e l per day. 
This plus the fact that few f l u i d s are produced or injected from 
the nearby Washington Ranch Gas Storage F a c i l i t y indicates that 
surface contamination from current o i l and gas sources would be 
minimal. I f the casing i n t e g r i t y i s maintained as a re s u l t of 
the gas well repairs made i n the early 1980's, no contamination 
due to any current practices would be expected. Although 
contamination that might be detected would need to be 
investigated by either OCD or EID, i t more l i k e l y would be a 
re s u l t of past practices rather than current a c t i v i t i e s . 

Based on information i n the management plan, the springs create a 
unique r i p a r i a n environment i n addition to providing a water 
supply for the National Park. I hope the information i n t h i s 
l e t t e r w i l l be useful to the Park Service i n t h e i r preparation of 
the management plan for the springs and i n s i t e administration so 
that the unique values associated with i t may be maintained. I f 
I can provide further information to assist i n your e f f o r t s , 
please contact me i n Santa Fe at 827-5812. 

Sincerely, 

David G. Boyer, Hydrogeologist 
Environmental Bureau Chief 

enclo 

DGBssl 

cc; OCD - Artesia 
Stuart P, Castle - EID Drinking Water 
Dennis McQuillan - EID Ground Water 
EID - Carlsbad 
Chuck Bowman - NPS, Santa Fe 
John. Bridges - EPNG, Environmental A f f a i r s 
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DEPARTMENT O F " T i l 

GEOLOGICAL SURVEY 

SUNDRY NOTICES AND REPORTS ON WELLS 
{ O o n o i w i e t ' - i l l o r m l t r p / n r > o t * M lt> d u l l o r l o <Jer-PKl o t p l u a b»eh l o 8 O l H « r « n t 
reservoir. Ute f o r m 9 - J3 I -C tor «ucn proposals ! 

I . Oil 
we l l • 

gas 
well 0 other Storage 

2. NAME OF OPERATOR 
El Paso Natural Gas Co. 

3. ADDRESS OF OPERATOR 
_ _Box 1492 n_Paso, .Texas 79978 
4. LOCATION OF WELL (REPORT LOCATION CLEARLY. See space 17 

below.) 

AT SURFACE: 2209' FEL & 935' FNL 
AT TOP PROD. INTERVAL: 
AT TOTAL DEPTH: 

16. CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE. 
REPORT. OR OTHER DATA 

REQUEST FOR APPROVAL TO: 
TEST WATER SHUT-OFF • 
FRACTURE TREAT • 
SHOOT OR ACIDIZE • 
REPAIR WELL • 
PULL OR ALTER CASING • 
MULTIPLE COMPLETE U 
CHANGE ZONES • 
ARANOON* • 
(O the r ) 

SUBSEQUENT REPORT Ofj 

• 

cP ic?-v-

7. UNIT AGREEMENT NAME 

8. FARM OR LEASE NAME 
Washington Ranch Storage Project 

~ C WELL NO. 
_ 10 ___ 
10. FIELD OR WILOCAT NAME 

Washington Ranch ~ • ; 
11. SEC. T., R., M., OR BLK. AND SURVEY OR 

AREA 

5ec. 34, T-25-S. R-24-E ' '^ 
12. COUNTY OR PARISH 

Eddy 
13. STATE 

N. Mex. 
14. API NO. 

15. ELEVATIONS (SHOW DF. KDB. ANO WO) 

GR 3696 

\ 
(NOTf i Report result* o l mu l t i p l * complet 'on or m u 

ang* an Form 9-330.) 

(9 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Cleafty* slate alfcSjjjftinent details, and give pertinent dates. 
including estimated date ol starting any proposeo.work. If *e l l j s 
measured and true vertical depths for all markers ahU^pnesff 

BCtl drilled, give subsurface locations and 
iiis work.)* 

4-2 to 4-9,1984 Pumped 11.5ppg salt water mud down 9 5/8" x 7" annulus ' 
and killed Delaware zone. Moved in and rigged up work-
over unit. Pulled 2 7/8" tubing and set RBP to isolate" 
Morrow zone. Ran casing inspection logs to Inspect 7" 
casing. Backed off 7" casing at 2308'. Found split •-. 
collar at 1300'. Ran new 7" 23# N-80 casing with die 
nipple, screwed into existing 1" casing. Test 7" : '. -
casing from 0-6009' to 1000 psi. Held O.K..test above 
and below 2308' to 3000 psi, held O.K. Ran 2 7/8" tubing 
to 5850' with retrieving tool. Shut well in. Moved , 
workover unit. Waiting on 4 1/2" tubing and packer to 
complete operations. ,v*v-:7.;. :v : 

Subsurface Safety Valve: Manu. and Type. . Se! @ . Fi. 

18. I hereby cjrtffy that Of^fafreaoing is true and correct 
' '^v^^=3 Director, Reservoir 4-24-84 

sicNEo A i^-j^rwrcf^" 1- c c f f - ^ ^ TITLE Engineering._uept̂ _ OATE :_ „ _ 

<rnio apaeo lee Federal or Sisle eSte® uoo! . . 
ACCEPTED FOR RECORD , t v '' - " ' ' . 

APpnoveo er ^ J r / s l Jv M i t ~ - " OATE 
CONDITIONS OF Approval, •rf^my' ZA 

MAY 141984 
•See I m l n K l t w n m (»•»»*** § ld« 

' .^fvy..M.mcq. 
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J&LM - CA THE INTERIOR 

"GEOLOGICAL SURVEY 
NAME 

SUNDRY NOTICES AND REPORTS ON WELLS 
lo d««p»n or plug buck to * different (Co ••<•• u%* V • >••>•" •"• ( " I " " ' ' •*» < ' " " 

r f l ! r W i . Us t » o . i " 9 - J 31 -C Inr such D 'Opo^ i lO 

on 
well • gas 

well • other 
_ S t . n r a . g a -

2. NAME OF OPERATOR 

El Paso Natural Gas Co. 
3. ADDRESS OF OPERATOR 

1800 Wllco Bldg, Midland, Tx 79701 ._ 
4 . LOCATION OF WELL (REPORT LOCATION CLEARLY. See space 17 

AT"SIJRFACE- 2209' FEL & 935* FNL 
A r TOP PROO INTERVAL: 
AT TOTAL DEPTH: 

16rCHFCrT"APPRCPr<IATE n o x TO INDICATE NATURE OF NOTICE. 
REPORT. OR OTHER DATA 

REQUEST FOR APPROVAL TO 
TEST WATER SHUT-OFF 
FRACTURE TREAT 
SHOOT OR ACIDIZE 
REPAIR WELL 
n i LL OR ALTER CASING 
MULTIPLE COMPLETE 
CHANGE ZONES 
Af lANDON* 
(other) 

SUBSEQUENT REPORT OF: 

7. UNIT AGREEMENT NAME 

8. FARM OR LEASE NAME 

Washington Ranch Storage Project 
9. WELL NO. 

10 * y • - - • ":: 
10. FIELD OR WILDCAT NAME 

Washington, Ranchl Morrow ' 
" l l . SEC. T.. R.. M.. OR BLK. AND SURVEY OR 

AREA - y • ' ^ " • . ^ • ^ v « jp>'V-.*- ; . l^ ' : 
Sec. 34, T -25 -S , R-24-B . 

13. STATE 

NM 
12. COUNTY OR PARISH 

_ _Eddy 
14. API NO. 

15. ELEVATIONS (SHOW DF, KDB. AND WD) 
GR 3696' - - • _J. 

• • 
• • 
• • 
• ta 
• • 
• • 
[ J • 
• • 

17. 

(NOTE: R»por> remits ol mrrtl>pl» tomplet-on ot zone 
crrange OfUfSlVn 9-330.) . - .... 

\ V — r-1 I V J P f » t •? • i • VI t 

xz>.H-\ m i .,• 
PFSCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state all pe r t i nen tV* i ^ * ^M«J \ r? 'V3 p « r f i n f ^ .dates, 
including pstiMiitod ri.ite o l starting any proposed work. It well is directionally dr i l l .d '^ re^sbbsur fa 'ce lqcat iBns and 
measured and true vertical depths for all markers and zones pertinent to this work. )* > •- * 
4-23/5-3/1984 .... ''-^--^ - ' 
1. ) MIRU workover unit, retrieve bridge plug. :.; . - . â Ŵ U*--.. 
2. ) Rig up wireline unit and set Baker Model FA-1 permanent packer at 6638'., 

WLM, with blanking plug below packer. .;, i.... „..-,,.. . .. . : ; V-4'i%:i 
3. ) Run 4V 11.6# K-55 tubing with Baker k-22 latch i n seal assembly, ; . : 

circulate inhibited packer f l u i d , latch into packer...- y ^ V ^ . & t s , \'-;. 
4. ) Nipple down BOP, Nipple up wellhedd % ..̂''..'V- 'V-~• .' v ci'F v : 

5. ) Test tubing to 3000 psig, retrieve plug and return well to service. A ..' 

" ' ' "'>;', ; "'V' ' • " " •' -•!. •*•'*v<:-•;••:r&*vtfrv/>•. 

Subsurface Safety Valve: M_nu. and Type . . Set @ 

IB . I hereby certify that the foregoing i s j r ue and correct 

V c . n t t ^ ^ 2 T = l ^ Tin. Axes FrM.. .En__ DATE TITLE 

f> rQ^cp~£ r ) l -QR ^ g ^ - Q ^ r j T h i . «B»e« for Ftdsr.l or State oltiea use) 

APrnovEO BY 3 & W ( V TITLE " DATE 
CONDITIONS OP APPROVAL. IF ANT: 

SEP 1?1984 

(L<£d-«&^ HEW/.'.EXICO 
See Instruction, e« Reeerte Side 
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GEOLOGi 'CAL S U R V E Y 

SUNDRY NOTICES AND REPORTS ON WELLS 
40a not u<t this lorm t n p r r . r o \ j iH lo rf'-ll n i lo deepen or plug b-ck lo a dif ferent 
retervoir U»e f o r m 9 -3J I -C 'or w e n p ' O c o u l i I 

6. IF INOtAN. ALLOT TEE OR TRIBE NAME 

7. UNIT AGREEMENT NAME 

I . oil 
well • gas *_1 other storage 

2. NAME OF OPERATOR 

_.EL Paso..Na_tural .Gas_J__L, 
3. A0DRESS OF OPERATOR 

Box.1492 El..Paso, Texas .. 79978 . ..._.„ 
4. LOCATION OF WELL (REPORT LOCATION CLEARLY. See space 17 

helow ) 
AT SURFACE: 1045' FWL & 2363' FNL 
AT TOP PROD. INTERVAL: 
AT TOTAL DEPTH: 

16. CHECK APPROPRIATE BOX 
REPORT. OR OTHER DATA 

REQUEST FOR APPROVAL TO: 
TEST WATER SHUT-OFF 
FRACTURE TREAT 
SHOOT OR ACIDIZE 
REPAIR WELL 
PULL OR ALTER CASING 
MULTIPLE COMPLETE 
CHANGE ZONES 
ARANOON* 
(other) 

TO INDICATE NATURE OF NOTICE. 

SUBSEQUENT REPORT OF: 

8. FARM OR LEASE NAME 

Washinqton Ranch Storage Project 
9. WELL NO. 

_ _J7 _ •; 
10. FIELD OR WILDCAT NAME ; V 

_Washi n g tonj tanch \ •. -
1 1 . SEC. T.. R.. M.. OR BLK. AND SURVEY OR 

AREA 

_Sec 34, T-25-S, R-24-E ' 
12. COUNTY OR PARISH 

Eddv , 
14. API NO. 

13. 

N. 
STATE 

Mex. 

is. ELEVATIONS (SHOW DF, KDB, AND WD) 

GR 3720 ••• 

• • 
• • 

• 

a • • 

n • 
Ll • 
• • 
• • 

(NOTE: Report results of mult iple compl t t 'on or zone ~ 
change on Form 9-330.1 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state all pert inent details, and give pertinent dales, 
including estimated date o l starting any proposed work. K well is directionally dul led, give subsurface locations and 
measured and true vertical depths for all markers and zones pert inent to this work . ) * 

4-10-84 Pump mud down 9 5/8" x 7" annulus to k i l l Delaware Zone. 
Move in and rig up workover unit, nipple down wellhead and 
nipple up BOP, pull and lay down 2 7/8" tubing. Set RBP above 
morrow zone in 7" casing to isolate. Run casing inspection 
logs. Pressure test 7" casing below damaged zone. Pull damaged 
7" casing. Replace 7" casing and test. Retrieve RBP, run new 
tubing and production packer, circulate packer fluid, nipple 
down BOP, nipple up wellhead and release unit.: :y;,"\ .,;; VV:'̂ X,̂  

.._ Set @ — Ft. v £ ^ i v ; 

y ^ / i / Director, Reservoir 
^ ! l TITLE Engineering _Dept._ o*tt 4-24-84 

(This spec* tm Federal exr Siete ©raico use) 

APPAOVCO BV 
CONOITIONS OF APPOOVAL. IF ANT: 

T i n e 

•See fnetrvetteeie M * fteverso SMe 
RU<t 
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SUNDRY NOTICES AND REPORTS ON WELLS 
< O o n o t u * e ( h i * l o r m M r p r e p - s a l , t l O r ' I I o r 1 1 n > * p i ; n Or p h ? g b . C * l o » d ' W t r e n t 

resorvoir. U»e Form 9-J31-C lor jucr i propose'*.I 

2. 

2. 

Oil 
we l l a 

gas 
wel l 

TJ other Storage 

OPERATOR 
Natural Gas Co. 

NAME OF 
El Paso 

3. ADDRESS OF OPERATOR 

„_Box. 1.492 EL. Pa so....Texas 79978 :.._ 
4 . L O C A T I O N OF W E L L (REPORT LOCATION CLEARLY. See s p a c e 17 

b e l o w ) 

AT SURFACE: 1045' FWL 5 2363' FNL 
AT TOP PROD. INTERVAL: 
AT TOTAL DEPTH: 

16. CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE. 
REPORT. OR OTHER DATA ' 

REQUEST FOR APPROVAL TO: 
TEST WATER SHUTOFF • 
FRACTURE TREAT CJ 
SHOOT OR ACIDIZE • 
REPAIR WELL • 
PULL OR ALTER CASING • 
MULTIPLE COMPLETE ( J 
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ABANDON* • 
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Washington Ranch Storage Project 
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Washington Ranch 
11. SEC, T.. R., M.. OR BLK. ANO SURVEY Oft 

AREA • ' 
Sect. 34. T-25-S. R-24-E 

12. COUNTY OR PARISH 
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14. API NO. 
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N. Mex. 
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GR 3720 

KDB, AND WD) 

<NOT£_R*port results of mult iple complet'OA or t o n * 

• ~- i : 
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. . , x . 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS r^re_f_¥_sjPatWll pertinent details, and give pertinent dates, 
including estimated date ol starling any proposed work. II well is directionally drilled, give subsurface locations and 
measured and true vertical depths for all markers and zones pertinent to tbis work.)' . - > 

4-10 to 4-17, 1984 Hove in and rig up workover unit. Pull 2 7/8" production 
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IEO S i A i t S , . 
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G E O L C K H C A L SURVEY 

SUNDRY NOTICES ANO REPORTS ON WELLS. 7. UN)T AGREEMENT NAME ~ ~ _ 

rveiwrniv U** f o r m •SP-JJ I -C 'o» iv**.* o i i nMMi t f 
ff**tM>«1 Of p t u i t»»Cfc t o • 

s. .9.. n 

w e l l o other S t o r a g e 

2. NAME OF OPERATOR 

El Paso jJatural Gas Co ' 
3. A00RESS OF OPERATOR 

_ 1800 Wilcp Bldg, Midland, Tx 79701 _ ' 
4 . L O C A T I O N OF WELL (REPORT L O C A T I O N CLEARLY. See s p a c e 1 7 

below.) , 
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AT TOP PROO INTERVAL: 
AT TOTAL DEPTH: 
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Washington Ranch Storage Project 

16. CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE. 
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14. API NO. 

15. ELEVATIONS (SHOW DF, KDB. AND WD) 
GR 3720' . _ 

TEST WATER SHUT-OFF • n FRACTURE TREAT • • 
SHOOT OR ACIDIZE • • 
REPAIR WELL • LB 
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_ .—. — ——, 
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Natural Gas Contamination at Rattlesnake Springs, Carlsbad Caverns National 
Park: Report of the F i r s t Field Investigation, August, 1988. 

Introduction 

Carlsbad Caverns National Park (CCNP) re l i e s on one source of potable 
water, Rattlesnake Springs, located approximately 8 miles south of the park 
i n the upper Black River Valley. The National Park Service (NPS) has water 
rights to th i s water dating to the 1880's. Water use at CCNP ranges from 
500,000 to 1,000,000 gallons per day to supply a peak v i s i t o r load of 10,000 
v i s i t o r s per day and to supply 20-30 year round residences used by NPS 
personnel. Water i s scarce i n this area and Rattlesnake Springs represents a 
unique and probably irreplaceable water resource. 

The upper Black River Valley south and west of Rattlesnake Springs was 
developed i n the 1970's as a natural gas f i e l d . After t h i s resource was 
exhausted i n 1981, t h i s area was developed as a natural gas reinjection and 
storage f a c i l i t y , the Washington Ranch Gas Storage Project. By 1984, a t o t a l 
of 23 gas injection/withdrawal wells have been placed i n service within two 
miles of Rattlesnake Springs. 

Groundwater contamination appears to have occurred i n several water wells 
near Rattlesnake Springs due to leakage of natural gas from several of the gas 
injection/withdrawal wells. Elevated concentrations of benzene and polycyclic 
aromatic hydrocarbons have been documented i n the impacted wells along with 
sulfide contamination and accompanying odor and well corrosion. 

At issue is whether these contaminants can move through groundwater to 
Rattlesnake Springs and impact t h i s water source. Rattlesnake Springs l i e s 
approximately 1.25 miles north of the gas r e i n j e c t i o n area and i n the general 
path of groundwater flow. Groundwater contamination appears to have moved 
wit h i n one mile of Rattlesnake Springs. The goal of thi s investigation is to 
assess the potential for natural gas contamination at Rattlesnake Springs and 
to suggest appropriate remedial action(s). 

Colorado State University (CSU) became involved i n this potential 
groundwater contamination problem at Rattlesnake Springs i n August, 1987, 
when Dr. Michael Richard v i s i t e d the s i t e at the request of the NPS. Dr. 
Richard made a preliminary assessment at that time that further e f f o r t should 
be made to evaluate potential water contamination at Rattlesnake Springs. The 
NPS subsequently funded CSU i n July, 1988, to conduct a one year investigation 
of p o t e n t i a l contamination by natural gas leakage at Rattlesnake Springs. The 
goals of the present investigation by CSU are as follows: 

1. to review ex i s t i n g information on the hydrology and geology of the 
upper Black River Valley i n the v i c i n i t y of Rattlesnake Springs to 
better enable assessment of pot e n t i a l water contamination at the 
Springs. 
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2. to v i s i t the s i t e twice during the year to locate and sample available 
groundwater (e x i s t i n g wells) and to analyze these samples for a number 
of inorganic and organic parameters. These two sampling times were 
planned for August, 1988, and January, 1989, to coincide with the 
h i s t o r i c low and high groundwater flows at Rattlesnake Springs, 
respectively. 

3. to assemble th i s information into a r i s k assessment of possible impacts 
of contamination and the i r probability at Rattlesnake Springs. 

4. to provide the NPS with a review of possible remedial measures that 
could be taken to prevent or control water contamination at Rattlesnake 
Springs, including their f e a s i b i l i t y and costs. 

Report Contents 

This report summarizes CSU's f i e l d a c t i v i t i e s and data obtained for the 
f i r s t sampling t r i p to Rattlesnake Springs i n August, 1988. A preliminary 
assessment of findings is also presented along with a d e t a i l i n g of plans for 
the second s i t e v i s i t , planned for January, 1989. 

Dr. Michael Richard and Anita Boehm, graduate research assistant, 
v i s i t e d Rattlesnake Springs August 7-13, 1988. A c t i v i t i e s included 
discussions with area ranchers and NPS personnel, location and sampling of 
ten wells, and examination of records i n local governmental offices (U.S. 
Bureau of Land Management, CCNP f i l e s , U.S. Geologic Survey, and the WH1PP 
pr o j e c t ) . 

RESULTS 

Location and Access to Sampling Sites 

A t o t a l of 14 exis t i n g wells were located i n the upper Black River Valley 
that could be hydraulically connected to Rattlesnake Springs. These are 
located p r i n c i p a l l y i n sections 23, 27 and 34. A subset of these consisting 
of 9 wells was chosen for sampling, a l l with owner permission. These wells 
are l i s t e d i n Table 1 and the i r location r e l a t i v e to Rattlesnake Springs i s 
shown i n Figure 1 (the location of the Colwell and Sulfur Exploration wells 
i s shown i n Figure 2 ). A description of these wells obtained from well logs 
from the New Mexico State Engineer's Office i s given i n Table 2. A l l wells 
except for the Sulfur Exploration well are finished i n the upper Black River 
Valley alluvium and could be hydraulically connected to Rattlesnake Springs. 
A l l but two of these wells were successfully sampled, shown i n Table 2. The 
Central Farm and Central Farm - West wells were not i n use, and well sealing 
and inoperative pumps precluded t h e i r sampling. 
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TABLE 1 . Sampling Sites Located and Sampled. 

Well Name 

Rattlesnake Springs 

CARC 

Colwell 

Ballard - 8 

Ballard - 6 

Smart House 

Smart I r r i g a t i o n 

Sulfur Exploration 

Central Farm 

Central Farm - West 

Sampled Notes 

artesian; discharging continuously 

artesian; discharging continuously 

used in-well pump; purged 30 min. 

used in-well pump; purged 30 min. 

used in-well pump; purged 30 min. 

used in-well pump; purged 30 min. 

hand bailed; no purging 

artesian; purged 30 min. 

sealed; no pump 

sealed; no pump 
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Figure 2. Major Geologic Features and Sulfate Content of Groundwaters i n the 
Upper Black River Valley (modified from Hale, 1955). 
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Field Observations 

On-site observations of well water contamination were made both i n 
August, 1987, and i n August, 1988, for both the Ballard wells and the Smart 
house w e l l : 

Observation 
August, 1987 August, 1988 

Ballard wells: strong sulfide odor 
black colored water 
well corrosion products 

strong sulfide odor 
black colored water 
well corrosion products 

Ballard surface 
pond supplied by 
one well: 

dark i n color 
absence of aquatic and 
emergent plant l i f e 

pond improved i n appearance 
aquatic and emergent plant 
l i f e evident 

Smart house well: f a i n t sulfide odor no sul f i d e odor 
reported well corrosion 

In comparison to observations made in 1987, well water contamination i n 1988 
at the Ballard wells appeared on the decline. Well contamination at the Smart 
house well was not observed i n 1988, except for the reported well corrosion. 

Analytical Data 

A l l a n a l y t i c a l data obtained for the s i t e v i s i t are shown i n Table 3. A 
l i s t i n g of the a n a l y t i c a l methods employed and the w r i t t e n report for the 
benzene/toluene/xylenes (BTX) analyses by Hagar Laboratories are shown i n the 
Appendix. A f u l l analysis of this data w i l l be postponed u n t i l additional 
information becomes available for the January, 1989, sampling. Following i s a 
discussion of some of the more important findings. 

Except for the sulfur exploration well which draws groundwater from high 
gypsum st r a t a , a l l groundwaters examined had similar a l k a l i n i t y (bicarbonate) 
values. Notable differences were observed for most of the other inorganic 
parameters. These groundwaters can be grouped into two types, based on 
inorganic constituents. 

Groundwater from Rattlesnake Springs and the Colwell, CARC, and Smart 
house wells were similar i n chemistry, containing the lowest mineral content 

TDS (co n d u c t i v i t y ) , hardness, calcium, magnesium, sodium, sulfate and 
chloride. Mineral content appears to increase somewhat i n going from the 
Smart house well to Rattlesnake Springs and the CARC w e l l . Groundwater from 
the Ballard wells contained much higher mineral content, p a r t i c u l a r l y calcium 
and s u l f a t e , indicating subsurface travel through gypsum deposits. The Smart 
i r r i g a t i o n well water appeared to be in-between these two types of water i n 
inorganic constituents, with a moderate increase i n most dissolved materials, 

7 



ca 
Q 

CO 
r H cu 
eg r H 
CJ 

•i-t E 
4J CO 
r S CO 

r-4 

cd 0 0 

a 0 0 

< CT\ 
t - H 

CM 
0 •» 4-1 

CQ 

u 3 
cd (50 
fi 3 
a < 

C/3 

eg 
H 

c 
o 

•r-t 
SH 4J 0 0 uo 0 0 
3 cfl 0 0 

• 
<4H SH 1 • l -H O 0 0 t v CN 
3 l - H 1 

CO 

w 
T J CO 
iH 0 0 uo 0 0 
cfl 1 0 0 • r H 0 0 o • CM 

l - H r -H vO CM 
cd 1 

« 0 0 

T J 0 0 
SH 0 0 0 0 
cfl 1 r v • r H vO o • <r 

l - H T-H vO CM 
CO 1 
pa oo 

CA 

U 
cfl 
£ 
co 

0 0 
4-1 CU 0 0 
SH CO 1 
cfl 3 o 
E o 1—t 

CO X 1 
0 0 

r H 
r H 0 0 
CU 0 0 

t* 1 
r H Ov 

o 1 

o 0 0 

oo 
CJ 0 0 
OS 1 
< 0 0 

o 1 

oo 

0 0 
0 0 

CO 1 
CO oo 
OS 1 

0 0 

a 
cu 
SJ 

CO 
0 
o 
u 

ro O Ov O CM 
• <r oo vo oo 

ro ro vo in 
CM ro r-t 

<r in iv, <r o 
• v£> ro ro ro 

O CM r-H CM rv 

ro C7v vO Ov 
vO O uo ro 
co CN CN rv 

c 
o oo 

• H 0 0 O O CO vO 
4-1 1 CJV • • Ov 
cfl O • vO l -H | V . 

6 0 I -H vO CM 
• H 1 

SH 0 0 
SH 

M 

O r-. vo 
CM r-H O 
uo CM -a-

vo <r o <r uo CN <r 
I-H • • <r cjv uo oo 

• CO UO UO CM CM r H 
I s - CM 

v t < • M T I O N O l 
r H • • CO CN VO UO 

• ro r— uo c«"> CM CM 
rv CM 

VO UO UO O v l * r H r H 
ro • • co C7\ m o 

• uo rv vo co CM co 
rv CM 

uo o CM oo oo oo uo 
r H • • N 1/1 O 

• vo vo uo ro CM ro 
rv CM 

d 
<D 
60 
So 

O CU 
SH 

3 
4J 
CO 
SH 

cu 
a, 
E 

X cu 

CO 
CO A ! 
Q r H 
H < 

cn 
cn 
QJ 
C 

T J 
SH 

CO 
X 

<r <r vo 
<r uo iv. 
uo uo 

co oo ov 
VO r H • 
CM CM 

O CO r H 
U0 CM 
CM U0 

CM OV VO 
00 -a- • 

UO 

vO OV O 
CM CM • 

r v . 

OV l-H O 
vO CM • 

I v , 

«cr vo vo 
OV l-H « 

r-. 

ro 00 uo 
Ov r H • 

uo 

CQ 
C 

E 
3 

• H 
CQ E 
OJ 3 
C 

r-i <r 
uo rv . 
rv ro 
CN <r 

oo uo o 
ro oo • 
Ov CM Ov 

Ov CM O 
0 0 r-H • 
OV CO r H 

r H UO (V, 
r H VO • 
CM CM UO 

UO 

uo r-- o 
vO O • 

CO Ov 

CO Ov uo 
0 0 l-H . 

ro vO 

V V V 

O r H 6 0 T J 
• H cfl CO O 
4-i CJ 
CO 

CJ 

S co 

Ov vo O 
vo O • 
r H CO UO 

ro uo -jj-
H r-H • 
r H CO v T 

CU 
4-1 
CO 
C 0) 

CU O T J 
4J - O » H 
CO SH SH 

CQ M H CO O 
C r H O r H 
O 3 - H j r , 

• H CO P H CJ 
C 

<c 

uo 

O 

vO 

u-i 

CM 

vO 

vO 

uo 

V V V 

V V V 

CO 
CM 

X 

T J 

a 
vO r H r H r H CO 

• V V V 
uo f — s 

r — i • 

X i CO 

a o 
a. c j 

cfl 
CJ 

vO r H r H »-H h J 

• V V V — i-3 
r -H 6 0 ~ v 

3 60 
E 

CQ CO 
QJ CO 

r H 
• iH T J 
4-1 CU 
CO 4J 

O l -H r H l - H r H SH 

• V V V O o 
ro > a 

OJ 
SH SH 

O 
14H CU 

SH 
4-1 cfl 
O . 
OJ CQ 

ro r H r H r H c j cn 
• V V V X QJ 

ro QJ C 
T J 

r J SH 

— cfl 
6 0 J 2 

E 
T J 

c a 
• i H CO 

CO frv 
CU 4-1 
3 - H 

ca Q) OJ CO r H C 
CU C c Q) CO ' H 

r H OJ OJ C > r H 
• H tvl 3 OJ CO 
4J c l - H 1-4 r H A i 
CO OJ O r H i -H 

O r H PQ H X CO < 

o O 
CJ > * 

8 



notably chloride, compared to the nearby Rattlesnake Springs or Smart house 
w e l l . A graphic comparison of the mineral (TDS) content of these waters and 
th e i r sulfate and chloride content is shown i n Figures 3 and 4, respectively. 

A l l groundwater samples had low and similar COD values, with no 
s i g n i f i c a n t differences except for a s l i g h t l y higher COD value for the Sulfur 
Exploration w e l l . COD values were not elevated i n the two Ballard wells. No 
petroleum or natural gas v o l a t i l e s - benzene, toluene and xylenes - were 
observed i n any of the groundwaters, even the two Ballard wells, at a level 
of detection of 1 ppb. Hence, these contaminants are not si g n i f i c a n t at 
th i s time i n the groundwaters examined. 

Specific impacts of natural gas contamination at the Ballard wells may be 
the s l i g h t l y lower pH values, the presence of ^S, and the low dissolved 
oxygen values, shown graphically i n Figures 5 and 6. The Smart i r r i g a t i o n 
well water had a lower pH and dissolved oxygen value, similar to that 
observed for the Ballard well waters. 

Based on t h i s preliminary information, notable impacts of natural gas 
contamination on groundwaters i n the upper Black River Valley, observed for 
the two Ballard wells and possibly for the Smart i r r i g a t i o n w e l l , are a lower 
pH value, a low dissolved oxygen concentration, and the presence of ^S (not 
observed for the Smart i r r i g a t i o n w e l l ) . A l l these effects on groundwater can 
be accounted for by the release and subsequent microbiological oxidation of 
methane. 

Comparison of Data Obtained to Past Information 

A search of the New Mexico State Engineer's records resulted i n some past 
water q u a l i t y data for the wells sampled, shown in Table 4. Current sam­
plin g r e s u l t s , shown i n Table 3, agree well with h i s t o r i c water quality data 
for each of the sites where data is available. Rattlesnake Springs and the 
Colwell, CARC, and Smart house wells a l l appear to have the best water 
q u a l i t y , lowest i n dissolved minerals and sulfate. The Smart i r r i g a t i o n well 
has a s l i g h t l y higher mineral and sulfate content than the wells above. The 
Ballard wells h i s t o r i c a l l y have had much higher mineral and sulfate values 
than for other wells examined i n the area. No current information i s 
available for the Central Farm and Central Farm - West wells, however, these 
h i s t o r i c a l l y have d i f f e r e d i n water q u a l i t y . The Central Farm - West well i n 
the past had good water q u a l i t y , similar to Rattlesnake Springs. The Central 
Farms well h i s t o r i c a l l y has had higher mineral and sulfate content, similar 
to groundwater at the Ballard wells. A l l sulfate values found i n this study 
are consistent with the h i s t o r i c pattern of sulfate i n the upper Black River 
Valley, shown i n Figure 2. 

Sulfate content of groundwater may be a good indicator of the source or 
t r a v e l path of groundwater i n the area. Groundwater that passes through gypsum 
picks up s i g n i f i c a n t sulfate and other dissolved minerals. The r e l a t i v e 
contribution of groundwater that has passed through gypsum areas to water at 
Rattlesnake Springs can be judged, at least p a r t l y , by the sulfate content 
of groundwater at Rattlesnake Springs. Historic sulfate values at Rattlesnake 
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H -

SO M5 

CM 

•J5 

SO 

a' c 
3 

12 



TJ 
0) 

OT 

ca 
u 
0) 
4J 

g 
TJ 
a 
3 o 
h 
O 
a 

•H 
OT 

K M * 

i B' 

£ 

T3 

a 
(8 
Ct 
OJ 
M 

I 
TJ 

i H 
O 
CO 
cn 

•H 
o 

V 

I 
X 
I 

t £ 
r- '— .• 

i l l I I I 

I 

ITS 

c 

in 
31 
X 
o 

T5 
<U 

l -H 

O 
W 
Ml 

• i - i 

CO 3 
1 4M 

f -H I—I 
nj 

iwnjiwrr'* 

Miiiiiiw •+• 
IllliiiPflii 

cu 
3S 

i—i 

o 
o 

i f f l f l 
H I 
u i 

o 
PS 
<x 
o 

4 
1 
I 

( 
I 

4 
4 

13 



cu 
T J 

-w 
a 

• rt 
kl 

a. 
OT 

SS 
o 

vO O Ov I - I 
T-H r o r-i 

0J 
A: 
ca e 
m 
cu 

CM O O rH 
CM I O rH 
r H CO r H 

UO 
O CM 

VO 

Ov 
ro uo 

vO I 
uo 

CS 
OS 

o 
r S 

•rt 

e 
•rt 
CJ 

•rt > 
OJ 

rv 
0 0 
CM 

r v r O 0 0 r H 
00 00 r o ov 
CM CM CM CM 

VO 
00 
CM 

CM 
UO 
CM 

VO 
Ov 
CM 

o> 
UO 
CM 

ro 
<r 
CM 

CQ 
U 
a> 
4J 
CO 

TJ 

II 
o 
kl 

CJ 

o 

eg 

vO 
o 
ro 

CM CM v f O 
VO VD r H U0 

ro ro uo ro 

ro 
ro 
ro 

> v CJ 
4J U0 

• r l CM 

> -
•rt £ 0 0 
4-> CJ rv 
CJ s uo 
3 O 

TJ SS 
C E 
O 3 

I-H r o 
i n r v 
vO vO 

CM 
vO 

OV 
r H 
vo 

O 

oo 

o 
00 
ro 

ro 
oo 
CM 

ro 
CM 
UO 

uo 
ro 

OV 
vO 

rv i i 
rv 

o CM oo 
i—i r v < • 
ro O CM 

eg 
CJ 

•rt 

u 
TJ 
CU 
4-1 
kl 
o 
a 
oj 
as 

eg 
Q 

CM 
uo 

I 
U0 

00 
v f CN UO vO 
I uo rv oo 

vO I I I 
CM vO CM CM 
t i l t 

r H v f i-H U0 

CM 
uo CM 

UO 
I 

VO 
I 

v f 

CM 
UO 

I 
0 0 
r H 
I 

vO 

CM 
uo 
I 

uo 
r H 

I 
uo 

ro 
CM t n u-i 
uo | oo 
I uo | 

v f H ffl 
I I I 

vT r v oo 

C 

o 

w 
pa 

2 CU 

S 
l-H 
o 
o 

cn 
cn 
OS 

o 
OS < 
CJ 

E u 
CO 
Cn 

CO 
IH 
4J 
C 
OJ 

CJ 

E 
k i 
CO 
Cn 

r H 
CO 
U 

4-1 4J 

c cn 
OJ CU 
CJ 3 

CO 
6 0 

k l 
k l 

k l 
CO 
E 
cn 

oo 

I 

TJ 
k i 
CO 

CO 

14 



Springs have generally been in the range 110-120 mg/L, as observed for the 8-
8-88 sample (see Table 3). However, higher sulfate values to 300 mg/L have 
been observed at Rattlesnake Springs in the past (1-2-75 in Table 4). This 
indicates that higher sulfate content groundwater can enter the Rattlesnake 
Springs aquifer at times, possibly indicating a hydraulic connection to 
Ballard's wells or other high sulfate groundwater i n the area. 

Conclusions and Preliminary Assessment 

Groundwater contamination problems i n the upper Blacky .River—Valley- claused 
by leaking injection/wifch,dr.awal gas wells appear to be diminishing,. This may 
be due to proper repair of leaking wells, completed i n 1984. What is being 
observed may be the aftermath of a limited time natural gas leak to the upper 
Black River Valley alluvium aquifer. To date, no groundwater contaminants 
have been observed at Rattlesnake Springs. The main groundwater contamination 
plume may have attenuated or may have bypassed Rattlesnake Springs, probably 
to the south. However, th i s conclusion • i s tentative and a possible 
groundwater contamination problem s t i l l exists at Rattlesnake Springs i f 
si g n i f i c a n t contamination remains i n the area but not currently situated at 
one of the wells sampled. 

The second sampling planned for January, 1989, w i l l further evaluate 
these questions, dependent on access and sampling of several important wells 
located between Smart's house well and Rattlesnake Springs, i . e . the Central 
Farm and Central Farm - West wells. 

Future Needs 

Field support by the NPS w i l l be needed for the planned January, 1989, 
sampling to the upper Black River Valley by CSU. Important to this 
investigation i s the proper sampling of three wells located between Ballard's 
contaminated wells and Rattlesnake Springs: the Smart i r r i g a t i o n well and the 
two Central Farm wells. A portable submergible pump and a portable generator 
w i l l be needed to properly purge and sample the Smart i r r i g a t i o n w e l l . 
The two Central Farm wells have pumps i n s t a l l e d that , hopefully, s t i l l work. 
A drive mechanism i s needed to purge and sample these wells. Mr. Crisman at 
CCNP suggested that the NPS could supply a small tractor with an appropriate 
drive coupling to f i t the well pumps. Hopefully, CCNP personnel can supply 
th i s needed equipment and help i n getting these wells operating. 
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APPENDIX 

1. Analytical Methods Employed. 

2. Hagar Laboratories Report for BTX Analyses. 
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TABLE ANALYTICAL METHODS EMPLOYED 

Location Parameter Method 

on-site 

CSU 
laboratory 

pH 
temperature 
conductivity 
a l k a l i n i t y 

Orion #231 portable pH meter 
Orion #231 portable pH meter 
Cole Parmer #4070 conductivity meter 
HACH t i t r a t i o n ; potentiometric endpoint (4.3) 

Hagar Lab. Benzene 
Englewood, CO Toluene 

Xylenes 

Dissolved Oxygen HACH azide modification Winkler t i t r a t i o n 
H2S Gastec 211L sulfide ion detector tube 

gravimetric (Std. Methods #209B) 
HACH Manver 2 CDTA t i t r a t i o n 
HACH Calver 2 EDTA t i t r a t i o n 
by difference hardness and calcium 
Atomic Absorption Spectroscopy 
HACH turbidometric barium sulfate method 
by calculation from pH and a l k a l i n i t y 
HACH mercuric n i t r a t e t i t r a t i o n 

HACH micro dichromate acid digestion 

EPA Method # 524.2; GC-MS 

TDS 
hardness 
Calcium 
Magnesium 
Sodium 
Sulfate 
Bicarbonate 
Chloride 

COD 

Water samples held at 4C for a maximum of 7 days without preservatives. 
COD samples f i e l d a c i d i f i e d to pH <1 with s u l f u r i c acid. 
BTX samples collected i n 40 ml headspace-free borosilicate glass v i a l s with 

t e f l o n septa and f i e l d a c i d i f i e d to pH <1 with s u l f u r i c acid. 
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I }?3A East Coley Avenue 
Englewood, Colorado 80111 
|3(i:i| 790-9727 1800! 183') 
I AX # CiUM) 790 97!;6 

HAGGR REPORT ON SERVICE NUMBER 36608EN 
October 4, 1988 

LABORATORIES, INC. 
Customer Project Code: 

To: 

Analysis: 

Method: 

Results: 

Mr. Michael Richard 
Department of Environmental Health 
Colorado State University 
Ft. Collins, CO 80523 

The following samples were submitted for analysis: 
Eight water samples for EPA Method 524.2 Volatile Organics. 

EPA Method 524.2: Volatile Organics (Water) by GC/MS. 
Surrogate and internal standards are added to a 25 ml water sample. 
Helium is then bubbled through the water contained in a specially designed 
chamber. The purgeables are swept through a sorbent trap. The trap is 
then heated and back flushed with helium to desorb the purgeables onto a 
fused silica gas chromatographic column. The gas chromatograph is then 
temperature programmed to separate the purgeables which are detected with 
an electron impact quadrupole mass spectrometer. 

QUALITATIVE ANALYSIS 
Compounds are identified through interpretation of mass spectra by 
comparison of the sample mass spectrum to the mass spectrum of a standard 
of the suspected compound. Two criteria must be satisfied to verify the 
identifications: (1) elution of the sample component at the same GC 
relative retention time as the standard component and (2) correspondence 
of the sample component and standard component mass spectra. 

The results are found on Table 1. 

Hager Laboratories Inc. has been AIHA accredited since 1977. 

Laboratory data are filed and available upon request. 

If you have any questions, please call customer service. 

M ichae1 Aaron son, Ph.D. 
Environmental Chemistry Manager 

MA/sn 
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SN 36608EN 
October 4, 1988 

TABLE 1 

Sample Number Hager Reference No. Analysis Concentration Detection 
(ug/L) Limit 

(ug/L) 

RSS AA-29181-1 benzene ND 
toluene NO 
xylene ND 

CARC AA-29182-1 benzene ND 
toluene ND 
xylene ND 

Colwell AA-29183 benzene ND 
toluene ND 
xylene ND 

Sulfur AA-29184-1 benzene ND 
toluene ND 
xylene ND 

Ballard-8 AA-29185 benzene ND 
toluene MD 
xylene ND 

Ballard-6 AA-29186 benzene ND 
toluene ND 
xylene ND 

Smart Home AA-29187 benzene ND 
toluene ND 
xylene ND 

Smart Irrigation AA-29188 benzene ND 
toluene ND 
xylene ND 

Note: ND - not detected at a detection limit of 1 ug/L. 
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Natural Gas Contamination at Rattlesnake Springs, Carlsbad Caverns National 
Park: Report of the Second Field Investigation, March, 1989. 

Introduction 

Carlsbad Caverns National Park (CCNP) relies on one source of potable 
water, Rattlesnake Springs, located approximately 8 miles south of the park 
in the upper Black River Valley. The National Park Service (NPS) has water 
rights to this water dating to the 1880's. Water use at CCNP ranges from 
500,000 to 1,000,000 gallons per day to supply a peak vis i t o r load of 10,000 
visitors per day and to supply 20-30 year round residences used by NPS 
personnel. Water is scarce in this area and Rattlesnake Springs represents a 
unique and probably irreplaceable water resource. 

The upper Black River Valley south and west of Rattlesnake Springs was 
developed in the 1970's as a natural gas f i e l d . After this resource was 
exhausted in 1981, this area was developed as a natural gas reinjection and 
storage f a c i l i t y , the Washington Ranch Gas Storage Project. By 1984, a total 
of 23 gas injection/withdrawal wells have been placed in service within two 
miles of Rattlesnake Springs. 

Groundwater contamination appears to have occurred in several water wells 
near Rattlesnake Springs due to leakage of natural gas from several of the gas 
injection/withdrawal wells. Elevated concentrations of benzene and polycyclic 
aromatic hydrocarbons have been documented in the impacted wells along with 
sulfide contamination and accompanying odor and well corrosion. 

At issue is whether these contaminants can move through groundwater to 
Rattlesnake Springs and impact this water source. Rattlesnake Springs lies 
approximately 1.25 miles north of the gas reinjection area and in the general 
path of groundwater flow. Groundwater contamination appears to have moved 
within one mile of Rattlesnake Springs. The goal of this investigation is to 
assess the potential for natural gas contamination at Rattlesnake Springs and 
to suggest appropriate remedial action(s). 

Colorado State University (CSU) became involved in this potential 
groundwater contamination problem at Rattlesnake Springs in August, 1987, 
when Dr. Michael Richard visited the site at the request of the NPS. Dr. 
Richard made a preliminary assessment at that time that further effort should 
be made to evaluate potential water contamination at Rattlesnake Springs. The 
NPS subsequently funded CSU in July, 1988, to conduct a one year investigation 
of potential contamination by natural gas leakage at Rattlesnake Springs. The 
goals of the present investigation by CSU are as follows: 

1. to review existing information on the hydrology and geology of the 
upper Black River Valley in the v i c i n i t y of Rattlesnake Springs to 
better enable assessment of potential water contamination at the 
Springs. 
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2. to v i s i t the site twice during the year to locate and sample available 
groundwater (existing wells) and to analyze these samples for a number 
of inorganic and organic parameters. These two sampling times were 
planned for August, 1988, and January, 1989, to coincide with the 
historic low and high groundwater flows at Rattlesnake Springs, 
respectively. 

3. to assemble this information into a risk assessment of possible impacts 
of contamination and their probability at Rattlesnake Springs. 

4. to provide the NPS with a review of possible remedial measures that 
could be taken to prevent or control water contamination at Rattlesnake 
Springs, including their f e a s i b i l i t y and costs. 

Report Contents 

This report summarizes CSU's f i e l d activities and data obtained for the 
second sampling t r i p to Rattlesnake Springs in March, 1989. A preliminary 
assessment of findings is presented. Final conclusions for this study w i l l be 
given in the f i n a l project report (No. 4), to be submitted in 4 weeks. 

Anita Boehm and Jane Mitchell, graduate research assistants, visited 
Rattlesnake Springs March 11-14, 1989. Activities included discussions with 
area ranchers and NPS personnel and sampling of eight wells. 

RESULTS 

Location and Access to Sampling Sites 

A to t a l of 14 existing wells were located in the upper Black River Valley 
that could be hydraulically connected to Rattlesnake Springs. These are 
located principally in sections 23, 27 and 34. A subset of these consisting 
of 9 wells was chosen for sampling, a l l with owner permission. These wells 
are listed in Table 1 and their location relative to Rattlesnake Springs is 
shown in Figures 1 and 2. A description of these wells obtained from well 
logs from the New Mexico State Engineer's Office is given in Table 2. A l l 
wells sampled are finished in the upper Black River Valley alluvium and could 
be hydraulically connected to Rattlesnake Springs. A l l but one of these wells 
were successfully sampled, shown in Table 1. The Central Farm well was not 
sampled due to an electrical outage caused by a recent natural gas f i r e in the 
v i c i n i t y . Backup sampling equipment requested of the NPS was not available to 
sample this well. 

2 



Field Observations 

On-site observations of well water contamination were made in August, 
1987; in August, 1988; and in March, 1989, for both the Ballard wells and 
the Smart house well: 

August, 1987 

Ballard strong sulfide odor 
wells: black colored water 

well corrosion 
products 

Observation 

August, 1988 

strong sulfide odor 
black colored water 
well corrosion 
products 

March, 1989 

strong sulfide odor 
black colored water 
well corrosion 
products 

Ballard 
surface 
pond 
supplied 
by one 
well: 

dark in color 
absence of aquatic 
and emergent plant 
l i f e 

pond improved in 
appearance 
aquatic and 
emergent plant 
l i f e evident 

pond appeared healthy 
water being used for 
irri g a t i o n and l i v e ­
stock 

Smart 
House 
Well: 

faint sulfide odor no sulfide odor 
reported well 
corrosion 

no sulfide odor 
reported well 
corrosion 

In comparison to earlier observations made in 1987 and 1988, well water 
contamination in 1989 at the Ballard wells appeared on the decline. Well 
contamination at the Smart house well were not observed in 1989, except for 
the reported well corrosion. 

Analytical Data 

A l l analytical data obtained for the second site v i s i t are shown in Table 
3. A l i s t i n g of the analytical methods employed and the written report for 
the benzene/toluene/ethyl benzene/xylenes (BTEX) analyses by Hager Labora­
tories are shown in the Appendix. Following is a brief discussion of some of 
the more important findings. 

A l l groundwaters examined had similar alkalinity (bicarbonate) values. 
Notable differences were observed for most of the other inorganic parameters. 
A graphical presentation of the results for TDS, sulfate, chloride, pH, 
dissolved oxygen, and hydrogen sulfide for both the August, 1988, and March, 
1989, samplings is shown in Figures 3 through 7. These groundwaters can be 
grouped into two types, based on inorganic constituents. 

3 
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Natural Gas Contanination at Rattlesnake Springs, Carlsbad Caverns National 
Park: Final Summary of the Investigation. 

Introduction 

Carlsbad Caverns National Park (CCNP) relies on one source of potable 
water, Rattlesnake Springs, located approximately 5.5 miles south of the park 
in the upper Black River Valley. Water use at CCNP ranges from 500,000 to 
1,000,000 gallons per day to supply a peak visitor load of 10,000 visitors per 
day and to supply 20-30 year round residences used by NPS personnel. Water is 
scarce in this area and Rattlesnake Springs represents a unique and probably 
irreplaceable water resource. 

The upper Black River Valley is a small valley of approximately 35 miles 
in length bordered on the north and northeast by the Guadalupe Mountains and 
on the east by the Yeso Hills, shown in Figure 1. Groundwater recharge in 
the Valley comes from infiltration of rainfall and run-off heading in the 
canyons of the Guadalupe Mountains. Groundwater movement in the Valley is 
from southwest to northeast. Major surface discharges of groundwater occur at 
Rattlesnake Springs (midpoint in the Valley), at points along the Black 
River, and at Blue Springs. 

The upper Black River Valley south and west of Rattlesnake Springs was 
developed in the 1970's as a natural gas field. After this resource was 
exhausted in 1981, this area was developed as a natural gas reinjection and 
storage f a c i l i t y , the Washington Ranch Gas Storage Project. By 1984, a total 
of 23 gas injection/withdrawal wells have been placed in service within two 
miles of Rattlesnake Springs. 

Groundwater contamination appears to have occurred in several water wells 
near Rattlesnake Springs starting in 1982 due to leakage of natural gas from 
several of the gas injection/withdrawal wells. Elevated concentrations of 
benzene and polycyclic aromatic hydrocarbons have been documented in the 
impacted wells along with sulfide contamination and accompanying odor and well 
corrosion. 

At issue is whether these contaminants can move through groundwater to 
Rattlesnake Springs and impact this water source. Rattlesnake Springs lies 
approximately 1.25 miles north of the gas reinjection area and in the general 
path of groundwater flow. The goal of this investigation is to assess the 
potential for natural gas contamination at Rattlesnake Springs and to suggest 
appropriate remedial action(s). 

Colorado State University (CSU) became involved in this potential 
groundwater contamination problem at Rattlesnake Springs in August, 1987, 
when Dr. Michael Richard visited the site at the request of the NPS. Dr. 
Richard made a preliminary assessment at that time that further effort should 
be made to evaluate potential water contamination at Rattlesnake Springs. The 
NPS subsequently funded CSU in July, 1988, to conduct a one year investigation 
of potential contamination by natural gas leakage at Rattlesnake Springs. The 
goals of the investigation by CSU were as follows: 
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1. to review existing information on the hydrology and geology of the 
upper Black River Valley in the vicinity of Rattlesnake Springs to 
better enable assessment of potential water contamination at the 
Springs. 

2. to vi s i t the site twice during the year to locate and sample available 
groundwater (existing wells) and to analyze these samples for a number 
of inorganic and organic parameters. These two sampling trips were 
conducted in August, 1988, and in March, 1989, coinciding with the 
historic low and high groundwater flows at Rattlesnake Springs, 
respectively. 

3. to assemble this information into a risk assessment of possible impacts 
of contamination and their probability at Rattlesnake Springs. 

4. to provide the NPS with a review of possible remedial measures that 
could be taken to prevent or control water contamination at Rattlesnake 
Springs. 

Previous Reports Submitted 

Three reports have been submitted to date: 

1. Review of the Geohydrology in the Vicinity of Rattlesnake Springs and the 
Contamination Problem, submitted November 1, 1988. 

2. Report of the First Field Investigation, submitted November 1, 1988. 

3. Report of the Second Field Investigation, submitted May 15, 1989. 

Report Contents 

This report presents a review and discussion of analytical findings, some 
new information not previously reported, a discussion of potential water 
quality impacts at Rattlesnake Springs should contamination reach the Springs, 
recommended remedial measures that could be taken at Rattlesnake Springs 
should contamination reach the Springs, and overall conclusions and 
recommendations for the investigation. 

Review and Discussion of Analytical Findings 

Groundwater from a total of 10 wells in the vicinity of Rattlesnake 
Springs was sampled and analyzed for the following: 

1. general water chemistry and major cations and anions: pH, temperature, 
dissolved oxygen, conductivity, total dissolved solids, alkalinity, 
hardness, calcium, magnesium, sodium, sulfate, bicarbonate, chloride 
and chemical oxygen demand (COD); 
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2. hydrogen sulfide; and 

3. benzene, toluene, ethyl-benzene and toluenes (BTEX) by a gas chromato­
graphy scan for volatile aromatic hydrocarbons. 

The locations of wells sampled are indicated in Figure 2. All wells except 
the Central Farms-West and the Ballard-7 wells were sampled in August, 1988. 
All wells except the Sulfur well and the Colwell Ranch well were sampled in 
March, 1989. These sampling times corresponded to the historic periods of low 
and high groundwater flow at Rattlesnake Springs, respectively. 

Hydrogen sulfide was found in groundwater from the three Ballard wells 
impacted by natural gas contamination. Hydrogen sulfide was not observed in 
any of the other groundwaters sampled. 

None of the groundwaters sampled, including the Ballard wells, had 
detectable concentrations of the BTEX compounds — benzene, toluene, ethyl­
benzene and toluenes, at both sampling times. Earlier analyses performed in 
1984 reported for the Ballard wells found benzene present in the groundwater 
at 9 - 19 ppb and the presence of polycyclic aromatic hydrocarbons that 
matched those found in the natural gas being injected. 

The impacted Ballard wells were visited three times during this 
investigation — in August, 1987, in August, 1988, and in March, 1989. 
Petroleum and sulfide tastes and odors were evident in Ballard well 
groundwaters at each visit. Staining by sulfide compounds and significant 
metal corrosion were also observed at each visit. These visual and sensual 
impacts of natural gas contamination appeared to lessen at each visit, 
indicating a lessening of groundwater contamination with time. 

Possible groundwater contamination by natural gas was observed at the 
Smart House well in August, 1987, as a petroleum and sulfide odor in the 
groundwater and in August, 1988, as well pump corrosion. The Smart House 
well is located 2/3 of a mile north of the Ballard wells and one mile 
southwest of Rattlesnake Springs and in the general groundwater flow path 
towards the Springs. These observations suggest a small, but significant, 
movement of contaminated groundwater from the impacted Ballard wells to the 
Smart House well. 

The overall inorganic quality of groundwaters sampled is summarized as 
Stiff diagrams in Figure 3. Here, concentrations of the three most 
significant cations and anions (in milliequivalents per liter - meq/1) are 
plotted along parallel horizontal axes with the cations and anions plotted on 
either side of a vertical zero axis. The resulting points are connected to 
yield a polygonal pattern, distinctive for waters of differing composition. 
The width of the pattern is an approximate indicator of the total ionic 
content of the water (correlates with total dissolved solids or ionic 
conductivity). 

From Figure 3 it can be seen that groundwater at the Colwell Ranch well, 
the Central Farms-West well, Rattlesnake Springs and the CARC well are all 
similar in inorganic composition, all being a calcium-bicarbonate type water. 
Rattlesnake Springs, the Central Farms-West well and the CARC well are all 
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documented to be hydraulically connected. Groundwaters at the Smart House and 
Irrigation wells are similar to the above, but differ in having more sulfate 
in the Smart Irrigation well water and more magnesium in the Smart House well 
water. The Smart Irrigation well water is classed as a calcium-sulfate water 
while the Smart House well water is classed as a magnesium-bicarbonate water. 

These water quality findings follow closely the historic sulfate content 
of groundwaters near Rattlesnake Springs, shown in Figure 4. Groundwater at 
Rattlesnake Springs appears to consist of a mixture of groundwater sources in 
the area. Groundwater at Rattlesnake Springs has slightly more mineral 
content than the nearest well downgradient (the Central Farms-West well) but 
much less mineral content than found at the Ballard wells, southeast of 
Rattlesnake Springs. The CARC well, located south of Rattlesnake Springs, 
has a slightly higher mineral content than found at Rattlesnake Springs, 
suggesting more contribution to the CARC well of higher sulfate content 
groundwater from the south. 

Sulfate content of groundwater at Rattlesnake Springs could serve as an 
indicator of the contribution of groundwater from the south, where natural 
gas contamination has occurred. The sulfate content of water at Rattlesnake 
Springs is normally low and in the range 110-150 mg/L. However, more of the 
high sulfate groundwater from the south may reach Rattlesnake Springs at 
certain times, dependent on variable groundwater recharge and flow pattern in 
the area. This was observed in 1975 when the sulfate concentration at 
Rattlesnake Springs reached 300 mg/L. Thus, a possible hydraulic connection 
of Rattlesnake Springs to higher sulfate groundwater to the south, where 
groundwater contamination has occurred, may exist. 

Conclusions based on available information are: (1) that natural gas 
contamination from leaking injection/withdrawal wells occurred at the Ballard 
wells in 1982; (2) that this contamination either remained localized or moved 
downgradient to possibly impact the Smart House well but not any wells further 
north including Rattlesnake Springs; and (3) that no contamination has been 
observed at Rattlesnake Springs due to groundwater contamination at the 
Ballard wells. 

Nev Inforaation 

Groundwater Recharge Rate Near Rattlesnake Springs 

A close relationship was found to exist between rainfall and water levels 
in three wells located nearest to Rattlesnake Springs. Monthly total rainfall 
is plotted against groundwater level for the CARC well (25.24.26.121), the 
Central Farms well (25.24.27.421) and the Central Farms-West well 
(25.24.27.124) in Figures 5-7 for the period January, 1952 (month 1), to 
December, 1962 (month 132) or 1964 (month 156). Although these figures are 
difficult to interpret due to the quantity of data shown, there exists a 
close association between monthly rainfall amount and depth to groundwater for 
each of the three wells. This relationship is better illustrated in Figure 8 
where the groundwater level and monthly total rainfall is shown for the CARC 
well (121) for the years 1959, 1961, 1962 and 1960 (years when the records are 
available). Here it can be seen that groundwater levels respond rapidly to 
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rainfall events, rising within 2-4 months after major rainfall periods or 
events. 

This finding indicates a rapid recharge of groundwater after rainfall 
events and a corresponding rapid movement of groundwater in the upper Black 
River Valley near Rattlesnake Springs. This observation is significant as 
groundwater contamination, i f present, would be expected to move rapidly 
through the aquifer(s) near Rattlesnake Springs, reaching the Springs in less 
than one year. 

Possible Impact of Natural Gas Contamination in the upper Black River Valley 
at Blue Springs 

Wells at Blue Springs, the most downgradient surface discharge point for 
groundwater in the upper Black River Valley, became contaminated by hydrogen 
sulfide in the summer of 1988. A speculative conclusion, not documented, is 
that natural gas contamination originating at the Ballard wells moved 
northeastward, by-passed Rattlesnake Springs to the south, and subsequently 
impacted wells at Blue Springs approximately 20 miles downgradient of 
Rattlesnake Springs. I f this speculation is correct, then the threat to 
Rattlesnake Springs from contaminated groundwater originating at the Ballard 
wells was real. 

Projected Impact of Natural Gas Contamination at Rattlesnake Springs 

Four main chemical groups occur in natural gas (and petroleum) of concern 
i f these contaminate drinking water. These are: (1) alkane and acyclic 
hydrocarbons; (2) aromatic hydrocarbons; (3) polycyclic aromatic 
hydrocarbons; and (4) sulfides. A summary of the toxicity concerns and 
concentrations of concern for each of these chemical groups is given in Table 
1. 

Contamination of the Ballard wells by natural gas has resulted in low 
concentrations of aromatic hydrocarbons, primarily benzene, and polycyclic 
aromatic hydrocarbons, and higher concentrations of sulfides in the well 
water. Sulfide may originate in the natural gas (soured gas) or may be 
produced in soil and groundwater by bacterial reduction of sulfate used as an 
"oxygen" source during the biooxidation of methane. This latter source of 
sulfide is the cause of high sulfide in the Ballard wells. 

I f natural gas contamination were to reach Rattlesnake Springs, impacts 
on water quality would be similar to those observed at the Ballard wells. 
Compounds of toxicological concern such as aromatic hydrocarbons (benzene) and 
polycyclic aromatic hydrocarbons could be present in the groundwater at low 
concentration. These compounds are of concern as possible human carcinogens 
i f consumed at low concentration over an extended period of time (years). 

The most significant impact of contamination at Rattlesnake Springs would 
be from sulfide. Aesthetic and economic impacts would be most noticed. 
Tastes and odors would be offensive while corrosion of metal components in the 
well and in the water transmission and distribution system would be severe. 

5 



The economic impact of corrosion would probably be the most significant impact 
of contamination at Rattlesnake Springs. 

Recommended Remedial Measures to be Taken at Rattlesnake Springs Should Con­
tamination Arrive 

Arrival of contaminated groundwater at Rattlesnake Springs would f i r s t be 
detected by the presence of sulfide. Free chlorine reacts rapidly with 
sulfides to produce chloride ion and sulfur and sulfate. Low concentrations 
of sulfides would automatically be oxidized by free chlorine now applied to 
Rattlesnake Springs groundwater for disinfection without any apparent effects 
other than increased chlorine usage. This would be observed as a need to 
increase the chlorine dosage to maintain a desired free chlorine residual. 
Sulfide odor would be apparent at the well before chlorine addition. 

More extensive groundwater contamination would require additional water 
treatment steps to be taken at Rattlesnake Springs. The most appropriate 
treatment process would be granular activated carbon (GAC) fi l t r a t i o n before 
chlorination. This treatment process would remove petroleum tastes and odors 
and aromatic hydrocarbons such as benzene. Chlorination after GAC f i l t r a t i o n 
would effectively remove any remaining sulfide. 

I t is recommended that the GAC fi l t r a t i o n system, should i t be required, 
be purchased as a package from a national supplier who would provide correct 
sizing, installation, operational instruction, and routine replacement of 
the spent GAC medium when required. 

Conclusions 

Groundwater contamination by natural gas compounds occurred in the upper 
Black River Valley in 1982 most likely due to several leaking natural gas 
injection/withdrawal wells, which have since been repaired. This resulted in 
local groundwater contamination by benzene, polycyclic aromatic hydrocarbons 
and sulfide in the vicinity of the Ballard wells. Contamination appears at 
this time to have lessened at the Ballard wells. No evidence of contamination 
has been found at wells nearer to Rattlesnake Springs than the Smart House 
well and may not have reached wells hydraulically connected to Rattlesnake 
Springs. Given the rapid hydraulic transit times of groundwater near 
Rattlesnake Springs, on the order of months, i t is concluded that 
groundwater contamination has dissipated or by-passed Rattlesnake Springs. 
There does not appear to be any significant contamination threat to 
Rattlesnake Springs at this time. 

I t is interesting to speculate that the severe well contamination by 
sulfides that occurred at Blue Springs in the summer of 1988 was related to 
the contamination at the Ballard wells. Blue Springs is located approximately 
20 miles downgradient of Rattlesnake Springs and is the terminal surface 
discharge point of the upper Black River Valley aquifer. I t may be that 
contaminated groundwater from the Ballard wells by-passed Rattlesnake Springs 
to the south and impacted water supplies downgradient. Thus, there appears 
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to have been a real threat of contamination at Rattlesnake Springs and a near 
contamination event that would have had severe impact on the operation of 
Carlsbad Caverns National Park. 

Recommendations 

1. No further special effort in monitoring groundwater near Rattlesnake 
Springs appears warranted at this time. Regular monitoring of well water 
at Rattlesnake Springs should be conducted for sulfide on a biweekly basis 
and BTEX on a six month basis. 

2. A working relationship should be established between the El Paso Natural 
Gas Company and the National Park Service to keep the National Park 
Service informed of any new gas well development or problems with existing 
reinjection wells. In the event of future groundwater contamination 
problems, which could occur at any time, a groundwater monitoring 
program should be initiated based on the sites and types of analyses used 
in this investigation. 
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Figure 4. Major Geologic Features and Sulfate Content of Groundwaters i n the 
Upper Black River Valley. 
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ABSTRACT 
Geochemical and isotopic data for methane and ground water indicate that gaseous 

hydrocarbons in Eocene aquifers in east-central Texas form by bacterial processes. The 6 , 3 C 
values of methane from five wells in the clay-rich Yegua and Cook Mountain Formations range 
from -71%o to -62%o. Methane from ten wells in the cleaner sands of the Sparta and Queen 
City Formations have 5 I 3 C values between -57%o and -53%o. The carbon isotopic difference 
between methanes from the Yegua and Sparta aquifers is comparable to the isotopic difference 
in sedimentary organic matter from outcrops of the units, suggesting substrate control on the 
6 , 3 C of bacterial methane. Hydrogen isotopic compositions of methane from the aquifers are 
similar, averaging -181%o. Thjŝ higĥ value suggests methane production predominantly by 
(^.reduction. 

The 5"C of dissolved inorganic carbon (DIC) in high bicarbonate waters increases from 
about -20%o to 0%o with increasing DIC. Mass-balance calculations indicate that the DIC 
added to the ground water has 6 I 3 C values as high as 10%o. This jjCrenriched carbon is 
predominantly derived from CO? production by fermentation and, anaerobic oxidation .reac­
tions combined with TO2 c^nsumprion^y^02 reduction. This process is responsible for high 
bicarbonate contents in these and probably other Gulf Coast ground waters. 

INTRODUCTION 
Methane in aquifers can be a resource, a 

prospecting tool, or a hazard, and can have a. 
significant impact on ground-water carbon 
budget and 1 4 C activity. In east-central Texas 
ground water, gaseous hydrocarbons occur in 
prodigious quantities. By studying the chemistry 
of these hydrocarbons and associated ground 
water, it is possible to develop a fundamental 
understanding of methanogenejis "*d its effect 
on ground-water chemistry. 

Gaseous hydrocarbons in the Eocene aquifers 
of east-central l exas may De producetfinsilu By" 
bacteria using substrates derived from lignite or 
dissemma^wgahic nutter. In general,lhe pre-
dominant methanogenic pathways are"CQj 

"ledjucUon, 

C 0 2 + 4H 2 - 2HzO + CH 4 , 

and acetate'dissimilation or fermentation, 

CH3COOH — CH 4 + c o 2 

(e.g., Wolin and Miller, 1987). Methane may 
also migrate into the aquifer, eithernaturally or 

duction of thermocataiytic gas from Cretaceous 
and Eocene reservoirs in the study area enhances 

this possibility. Bacterial methane may also mi­
grate into aq aqiiii«r irnm <mniiary lanrililk r)r 

jpther aquifers. 
Carbon isotopes can be used to differentiate 

between bacterial and thermocataiytic methane 
(Stahl, 1974; Bernard et al., 1977; Schoell, 
1983; among others). Thermocataiytic methane 
tends to have 6 , 3 C values between -50%o and 
-25%o, whereas bacterial methane tends to 
have values between -90%o and -55%o. Ac­
cording to Whiticar et al. (1986), methanogenic 
pathways can be distinguished by carbon and 
hydrogen isotopic composition of methane. 
They propose that methane in marine sediments, 
formed principally by C 0 2 reduction, tends to 
have 6 I 3 C values between -110%o and -60%o 
and <5D values between -250°/oo and -170°/oo; 
methane from fresh-water sediments, which 
Whiticar et al. (1986) attributed to acetate fer­
mentation, tends to have 6 1 3 C values between 
-65%o and -50%o and 5D values between 
-400%o and -250%o. Bacterial oxidation of 
methane can enrich residual methane in l 3 C and 
deuterium (Coleman et al., 1981) and confound 
genetic interpretation of isotope data. 

The proportion of ethane and-higher hydro­
carbons (C 2 t ) to methane (C|) can also be used 
to distinguish gaseous hydrocarbons of different 
origins. Bacterial gases have C [ / C 2 + ratios of at 

least 100 and generally more than 1000 (Stahl, 
1974; Schoell, 1983); thermocataiytic gases tend 
to have C | / C 2 + ratios of less than SO (Bernard et 
al., 1977). Migration will increase the C | /C 2 t . 
ratio of gaseous hydrocarbons (Coleman et al., 
1977), making it difficult to discriminate be­
tween bacterial gas and migrated thermocata­
iytic gas. Fortunately, these "dry" thermocata­
iytic gases can be readily distinguished from 
bacterial gases by carbon isotopic composition, 
which is essentially unchanged by migration 
(Fuex, 1980). 

Isotopic studies of gaseous hydrocarbons in 
ground water are few, which is surprising con­
sidering the size and importance of the system. 
Coleman (1976) used the 6 I 3 C of methane and 
C| / C 2 + ratios to determine the origin of gaseous 
hydrocarbons in glacial drift and sedimentary 
rock in Illinois. Barker and Fritz (1981) com­
bined isotopic and concentration data for meth­
ane with chemical and isotopic analyses of water 
to characterize the origin of ground-water meth­
ane in Ontario, Manitoba, and North Dakota. 

In a different approach, Chapelle and Knobel 
(198S) used mass-balance calculations of carbon 
isotopes in dissolved inorganic carbon (DIC) to 
argue that methanogenesis produces '^-enrich­
ed carbon in the Aquia aquifer in Maryland. 
Chapelle et al. (1987, 1988) substantiated this 
proposal by demonstrating the presence of via­
ble methanogenic bacteria in cores of deep 
coastal plain sediments from the eastern United 
States. Grossman et al. (1986) reached a similar 
conclusion for the origin of methane in the 
Sparta aquifer in east-central Texas. High DIC 
6 I 3 C ( 5 1 3 C D I C ) values in methane-bearing, 
high-bicarbonate waters indicated a source of 
l3C-enriched C 0 2 best explained by C 0 2 pro­
duction in association with methanogenesis. 

Whether this ,3C-enriched C 0 2 is derived 
from acetate dissimilation or C 0 2 reduction is 
unclear. At first glance it appears that C 0 2 re­
duction should consume C 0 2 (and thus de­
crease DIC) and acetate dissimilation should 
produce it However, these reactions represent 
only the final step of a series of reactions. In the 
complete breakdown of a compound like glu­
cose, similar amounts of C 0 2 are produced 
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whether the reaction follows the C 0 2 reduction 
pathway or the acetate dissimilation pathway 
(see Klass, 1984). 

STUDY AREA 
The principal aquifers studied—the Queen 

City, Sparta, and Yegua—are formations of the 
Eocene Claiborne Group and crop out in a 
northeast-southwest strike in east-central Texas 
(Fig. 1). In the study area the Claiborne Group 
is about 790 m thick with a southeast dip of 
about 19 m/km (Foliett, 1974). Of the three 
formations, the Queen City Sandstone is the 
lowest stratigraphically. The unit is bounded by 
Reklaw clays below and Weches glauconitic 
clay above, and is about 70 m thick in Robert­
son County. Its lithology consists of about 70% 
sand, 22% sandy silty clay, 5% glauconite, 1% 
lignite, and 1% bentonite (Sellards et al., 1932). 
The Sparta Sandstone is similar to the Queen 
City Formation in lithology, environment of 
deposition, and hydrology. The formation is 
sandwiched between the clay-rich Cook Moun­
tain and Weches Formations and is about 61 m 
thick in the study area. The Yegua Formation 
overlies the clays and sands of the Cook Moun­
tain Formation, and underlies the marine sedi­
ments of the Jackson Group. The unit is much 

thicker (about 33S m in the study area) and 
more clay rich than the Sparta and Queen City 
Sandstones. 

The Queen City aquifer, with a mean trans­
missivity of 67 m2/day in nearby Leon County, 
serves a principal aquifer in the study area (Fol­
lett, 1974; Fogg and Kreitler, 1982). Short trans­
it times result in fresh to slightly saline waters. 
The Sparta Sandstone is a principal aquifer in 
Brazos County and has a mean transmissivity of 
about 177 m2/day (Follett, 1974). The high 
clay content of the Yegua results in its being 
only a secondary aquifer, capable of yielding 
small to moderate quantities of fresh to moder­
ately saline water. Pump tests on one well in the 
Yegua indicate a transmissivity of only 2 
mVday (Follett, 1974). In the confined parts of 
these aquifers, hydraulically driven flow is 
generally downdip. 

METHODS 
Water was sampled from wells screened at 

24-610 m (78-2000 ft) in the Yegua, Queen 
City, Sparta, Cook Mountain, and Reklaw 
Formations (Fig. I, Table 1). Effort was made 
to sample wells producing gas-rich water. Other 
wells were sampled to provide a good geograph­
ic and depth distribution. The Sparta wells were 

sampled to augment the data set of Grossman i 
ai. (1986), which includes 24 Sparta wells and 
Yegua well. With one exception, all the Span 
waters sampled contained a gas phase. Gaseot 
hydrocarbons were sampled from two gas prr 
duction wells completed in the Cretaceou 
Woodbine Formation and located near weli 
producing gas-rich water (Fig. 1). To charade: 
ize sedimentary organic matter which migr 
provide a substrate for bacteria, three thin lignit 
seams (2-5 cm) were sampled from the Yegu 
Formation, and a 3-cm-thick black shale be 
was collected from outcrops 20 m apart in th 
Sparta Sandstone (Fig. 1). 

Except for artesian wells, each water well wa 
purged of stagnant water for 45-60 min befor 
sampling. Most wells had to be sampled dowr 
line from the pressure tank. Pressure tanks uliliz 
a diaphragm to separate ground water from th 
overlying air, but some degassing may occui 
Seven ofthe deepest wells had steel casings. Tht 
remainder were cased with PVC plastic. No re 
lation was observed between casing material o 
location of sample spigot, and water and ga: 
chemistry. 

Water samples for isotopic measurement oi 
DIC were collected in 16 ml glass vials with 
poly-seal caps, and dissolved hydrocarbon sam­
ples were collected in Coca-Cola bottles. Thest 
samples were refrigerated upon return from thc 
Held. When waters were gas-rich, gas (termet 
head gas) was collected in Mason jars according 
to the method of Coleman (1976) and refriger 
ated inverted. 

Temperature and pH were measured at the 
well site. Alkalinity titrations, used with pH to 
calculate DIC, were performed immediately 
upon arrival in the laboratory. Cation concen­
trations (Na+, K + , Ca 2 + , Mg2+, and Fe.ola|) were 
determined by atomic absorption spectropho­
tometry, and sulfate and chloride were measured 
using turbidimetric and titrimetric methods, re­
spectively. Hydrocarbon concentrations were 
determined by gas chromatography by using a 
flame ionization detector. Dissolved hydrocar­
bons were stripped using the method of McAul-
life (1966). Head-gas hydrocarbons were meas­
ured directly within 12 h of sampling. Carbon 
dioxide was stripped from ground water by acid­
ification and in vacuo stripping. Head-gas meth­
ane samples were combusted for isotopic 
analysis within 12 h of sampling by passing the 
gas through an 850 °C furnace. Lignite samples 
were pretreated with 3N HC1 before 850 °C 
combustion in sealed tubes. Water samples and 
waters of combustion were reduced to hydrogen 
for isotopic analysis using zinc at 450 °C (Cole­
man et al., 1982). All isotopic measurements 
were conducted on Finnigan MAT 251 isotope 
ratio mass spectrometers. The fi13C and 6D 
values are reported vs. the PDB (Peedee belem-
nite) and SMOW (standard mean ocean water) 
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Figure 1. Index map showing well locations and outcrop patterns ol Queen City, Sparta, and 
Yegua Formations in Brazos, Burleson, and southern Robertson counties, Texas. 
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standards, respectively. Precision was ±0.1 %o 
for 6 , 3 C analyses and ±2%o for 6D analyses. 

RESULTS AND DISCUSSION 
Gaseous Hydrocarbons 

Of the 45 wells sampled, 16 yielded appreci­
able methane-bearing head gas. Methane and 
ethane were the only hydrocarbon species de­
tected in these head gases. Their concentrations 
in terms of total gas ranged from 13.2 to 33.4 
mmol/l and 0.68 to 17.3 /amol/1, respectively. 
The C|/C2+ ratios for the hydrocarbons in these 
samples are all greater than 1000; some ap­
proach 20000 (Fig. 2). These values are indica­
tive of bacterial gas, or thermocataiytic gas 
which has undergone migration. The geographic 
distribution of methane-bearing waters does not 
follow any distinctive pattern, and cannot be 
readily correlated with oil production wells or 
landfills. 

Waters with head gas exhibited dissolved 
methane and ethane concentrations ranging 
from 350 to 1733 /imol/1 and 0 to 0.835 
/imol/l, respectively (Table 1). At formation 
temperatures, the saturation value is about 1400 
jimol/1 for methane and about 1900 fimol/1 for 
ethane (McAullife, 1966). Thus, in waters with 
head gas, dissolved methane concentrations are 
at or near saturation, whereas ethane concentra­
tions are well below saturation. In waters with­
out head gas, dissolved methane concentrations 
range from 0.1 to 6.1 /umol/I. Only eight of 
these well waters contained detectable ethane, 
with values from 0.002 to 0.066 /umol/1. 

Carbon isotopic compositions for methane 
( 6 I 3 C Q ) in the Yegua and Cook Mountain 
aquifers range from -71.4%o to -61.6%o, aver­
aging -65.2%o (Table I, Fig. 2). These values 
indicate a bacterial source for the methane, an 
interpretation consistent with the C\/Cj* data. 
Methane from the well in the Reklaw Forma­
tion gave a <5I3C value of -64.6%c suggesting 
the same origin as Yegua-Cook Mountain gas. 
The Sparta and Queen City aquifers yield meth­
ane enriched in 1 3 C relative to Yegua-Cook 
Mountain gas, with values ranging from 
-58.4%o to -53.1%o and averaging -54.6%o. 
These higher <5I3CC1 values could arise from 
input of thermocataiytic gas, oxidation of meth­
ane by methanotrophic bacteria, differences in 
methanogenic pathway, or differences in the 
5 , 3 C of the substrate. 

Thermocataiytic gas produced in the area has 
a l 3 C composition of -47.2%o to -45.1%o and 
a C | / C 2 + ratio of 1 to 89 (Fig. 2; including data 
of Grossman etal., 1986). An approximately 1:1 
mixture of migrated thermocataiytic gas 
(-46%o) and bacterial gas (-65%o) could ac­
count for the 10%o l 3 C enrichment of Sparta-
Queen City methane relative to Yegua-Cook 
Mountain methane. Substantial input of this gas, 
however, would lower C1/C2+ ratios in the 

TABLE 1. DATA FROM WELLS IN THE YEGUA, COOK MOUNTAIN, SPARTA, QUEEN CITY, 
AND REKLAW AQUIFERS, EAST-CENTRAL TEXAS 

Groundwater Dissolved gas Head gas 
WeU* pH DIC 5'3CDic S0 4 = Ci C2 Cl C2 5' 3Cci 5DCi 

(mmol/l) (%») (meq/1) (umol/1) (umol/1) (mmol/I)+ (umol/1) + (%°) (%o) 

Y78 8.4 7.36 -10.2 2.97 0.52 0.002 
Y100 8.2 12.28 -9.9 0.16 349.60 0.030 9.31 1.16 -61.9 -177 
Y134 7.5 14.18 -14.9 0.10 943.80 0.215 15.93 3.93 -71.4 -182 
Y260 8.0 4.98 -12.6 1.23 0.23 n.d.5 
Y266 8.1 5.47 -10.1 4.41 0.14 n.d. 
Y276 7.0 3.37 -U.3 3.51 0.72 0.002 
Y295 8.0 4.26 -10.6 2.28 2.50 0.005 
Y300 7.1 3.83 -13.5 1.00 6.06 n.d. 
Y305 7.8 5.59 -11.9 3.43 0.22 n.d. 
Y307 7.8 6.05 -11.6 3.80 0.21 n.d. 
Y315 7.5 5.96 -12.1 5.18 0.25 0.002 
Y324 8.0 5.04 -13.8 0.92 0.34 n.d. 
Y323 8.1 16.85 -10.3 0.00 727.30 n.d. 13.15 0.68 -61.6 -183 
Y368 7.7 6.14 -11.1 3.03 0.58 n.d. 
Y390 7.5 3.58 -11.2 0.54 0.14 n.d. 
Y465 8.3 6.39 -10.9 1.53 0.61 0.003 
Y492 8.2 5.65 -12.8 2.59 0.23 n.d. 
Y550 7.6 3.88 -10.9 2.32 0.10 n.d. 
Y1032 7.7 22.44 -2.1 0.08 980.00 n.d. 31.56 3.41 -64.0 -182 
CM210 7.5 6.33 -14.1 6.76 2.09 n.d. 
CM250 8.7 9.30 -14.8 0.00 965.10 0.640 13.23 9.95 -67.0 -165 
S350 8.7 4.84 -14.3 0.00 1636.40 0.835 29.23 17.29 -54.7 -180 
S360 8.1 9.90 -15.4 0.00 1548.80 0.580 31.04 10.26 -56.1 -179 
S365 8.3 9.82 -16.6 0.00 1393.60 0.337 29.56 6.11 -55.9 — 
S400 8.1 11.59 -12.2 0.00 1252.40 0.487 30.17 14.64 -53.1 -183 
S462 8.2 17.20 -5.3 0.00 1413.00 0.370 33.38 7.01 -52.8 -184 
S472 8.1 9.67 -19.7 2.57 0.13 0.006 Present -57.1 — 
S492 8.1 12.29 -14.4 1.91 1324.00 0.149 28.80 1.92 -53.7 — 
S500 8.5 14.22 -7.8 0.00 1733.00 0.213 28.83 5.58 -55.0 -186 
S538 8.7 3.99 -12.2 0.02 1705.20 0.799 29.58 16.86 -54.2 -180 
SI 560 8.9 10.41 -12.2 4.86 — — 
Q280 5.5 3.82 -20.0 0.93 4.37 0.002 
Q360 7.5 2.65 -18.3 0.67 0.13 n.d. 
Q380 7.3 4.32 -14.8 1.26 0.13 n.d. 
Q560 8.4 4.32 -13.1 1.95 0.40 n.d. 
Q561 7.6 3.13 -14.5 0.80 0.16 n.d. 
Q569 8.3 3.10 -15.3 0.89 0.21 0.002 
Q572 7.9 4.71 -11.6 2.50 0.56 n.d. 
Q6O0 8.1 2.91 -15.3 0.93 1.26 n.d. 
Q700 8.6 8.36 -5.4 0.74 0.84 n.d. 
Q784 7.9 3.91 -13.1 0.78 0.14 n.d. 
Q1912 8.2 23.33 -7.8 0.00 706.20 n.d. Present 
Q1920 8.3 16.80 -9.2 0.05 1229.00 0.120 27.19 5.57 -58.4 -185 
Q2000 8.4 15.74 -13.1 1.31 0.49 0.066 
R770 8.4 23.04 0.3 0.00 1346.10 0.410 27.68 1.73 -64.6 -192 

*Y = Yegua, CM = Cook Mountain, S = Sparta, Q = Queen City, R = Reklaw, number = well depth in 
feet 

'''per liter of head gas. 
'n.d. = not detected. 

Sparta, Queen City 
fa 

10 " 

• Eocene production 
Yegua, Cook Mtn., 
Reklaw 

(^^^Cretaceous production 

-50 -60 -70 -80 

5 I 3 C C , (JW 

Figure 2. C , / C 2 + ratios of 
gaseous hydrocarbons vs. 
6 1 3C of methane lor head 
gas from water wells (same 
symbols as in Fig. 3) and 
for gas Irom hydrocarbon 
production wells (dia­
monds). Open symbols— 
this study; solid symbols-
Grossman et al. (1986). 
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ground-water gaseous hydrocarbons to below 
1000 unless migration stripped away most ofthe 
C 2 * component Migration is the likely cause of 
the relatively high C1/C2+ ratio of 89 for Eo­
cene production gas. On the basis of its l 3 C 
composition, this gas probably migrated from 
Cretaceous reservoirs where gas has a C1/C2+ 
ratio of 1 to 2. There is no evidence, however, 
that this gas migrates into the aquifer at the 
depths sampled. 

Either oxidation of Sparta methane or differ­
ences in methanogenic pathway could cause 
5 l 3Cci differences between aquifer methanes. 
These mechanisms can be tested with hydrogen 
isotope data. Methane oxidation will enrich re­
sidual methane in deuterium as well as l 3 C 
(Coleman et al., 1981); methane produced by 
acetate dissimilation will be greatly depleted in 
deuterium compared with methane produced by 
C 0 2 reduction (Whiticar et al., 1986). The av­
erage SD values of Yegua and Sparta methane 
are -181 ±3%o and -182 ±3%o, respectively 
(Table 1). The 6D of the water associated with 
these gases averages -26 ±2%n. The similar 6D 
values for methane from the two aquifers argues 
for little or no oxidation of Sparta methane. The 
relatively high 6D values for the methane, com­
pared with values of <-250%o for methane at­
tributed to acetate dissimilation (Whiticar et al., 
1986), suggest that methane in both aquifers is 
produced by C 0 2 reduction. 

Carbon isotopic measurements of sedimen­
tary organic matter were made to address the 
possibility that <5I3C differences in methane re­
sult from <5I3C differences in available organic 
carbon. Three thin seams of Yegua lignite had 
l 3 C compositions averaging -26.9 ±0.8%o. 
Two samples of Sparta black shale had 6 I 3 C 
values of -19.8%o and -18.4°/oo. This isotopic 
difference between the Yegua and Sparta sedi­
mentary organic matter (-7.8%o) can explain 
the isotopic difference between methanes from 
the two aquifers. 

Ground-Water Chemistry and the Effect 
of Methanogenesis 

Recharge waters of the Sparta and Queen 
City aquifers are calcium-sodium-bicarbonate 
waters. These evolve into sodium-bicarbonate 
waters as cation exchange progresses (Grossman 
et al., 1986). Both calcium-sodium-bicarbonate 
and sodium-bicarbonate waters are low in bi­
carbonate. The upper limit for this "low-
bicarbtmate water" is herein set at 7.5 meq/1 
(=7.5 mmol/l DIC) based on 1 3 C trends. 
Further organic matter degradation, combined 
with calcium carbonate dissolution and cation 
exchange, causes the high bicarbonate and so­
dium contents of high-sodium-bicarbonate 
water (Foster, 1950; Fogg and Kreitler, 1982). 
This water has bicarbonate contents from about 
9 meq/1 to greater than 22 meq/1 and is herein 
referred to as "high-bicarbonate water." 

For methanogenesis to be pervasive, sulfate 
concentrations must be low (e.g., Claypool and 
Kaplan, 1974). In the aquifers studied, dissolved 
sulfate concentrations range from 0.0 to 6.8 
meq/1 and have an inverse relation to dissolved 
methane concentration. Where head gas and 
abundant dissolved methane (>10 /jmol/1) are 
present sulfate concentrations are almost always 
negligible (<0.2 meq/1; Table 1). Thus, condi­
tions in methane-bearing waters are favorable 
for methanogenesis. However, leakage of meth­
ane into an aquifer will enhance sulfate reduc­
tion and also result in an inverse relation 
between sulfate and methane (Kelly et al., 
1985). 

Ground-water methane and methanogenesis 
are closely linked to the DIC reservoir and its 
-isotopic composition. As discussed earlier, bac­
terial breakdown of organic matter along either 
methanogenic pathway, acetate dissimilation or 
C 0 2 reduction, can result in an increase in the 
concentration and 5 I 3 C value of ground-water 
DIC (Games and Hayes, 1976; LaZerte, 1981). 
The DIC contributed by acetate dissimilation is 
derived from the acetate's carboxyl group. Lim-

\ 
ited data suggest that this carbon is about 15%o 
enriched in 1 3 C relative to sedimentary organic 
matter (Blair et al., 1987). In the aquifers of 
interest, inorganic carbon derived from this 
source should have a l 3 C composition between 
-!5%o and -5%o. C 0 2 reduction succeeds fer­
mentation and/or anaerobic oxidation reactions 
which produce C 0 2 and H 2. Approximately 
half the C 0 2 produced by these reactions is sub­
sequently reduced to CH4; the remaining C 0 2 is 
added to the DIC in the ground water. Because 
the CO2-CH4 1 3 C fractionation associated with 
C 0 2 reduction is large, varying in nature from 
40%o to 90%, (Games and Hayes, 1976; Whit­
icar et al., 1986), this added DIC can have 
S I 3 C values as high as 20%o. 

The 5 I 3 C D I C values of the waters from the 
east-central Texas aquifers vary from -20.9%o 
to +0.3%o and reflect the evolution of the 
ground water (Table I). This evolution is readily 
apparent on the 6 1 3 C D | C vs. DIC"1 plot (Fig. 
3). On such a plot a mixing curve of two com­
ponents appears as a straight line, the y-intercept 
of which equals the S I 3 C of the DIC being 
added. 
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Figure 3. <513C ol QIC vs. DIC"' lor 
(a) clay-rich aquifers, (b) Sparta 
aquifer, and (c) Queen City aquifer 
(including data Irom Grossman el 
al., 1986). Dotted lines delineate 
data for high-bicarbonate water 
(left) and low-bicarbonate water 
(right). Open symbols—head-gas 
bearing; solid symbols—no head 
gas. Letter C Identities two shallow 
wells suspected ot anthropogenic 
contamination on basis ot excess 
chloride relative to sodium. 
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In ail aquifers the isotopic trends of low- and 
high-bicarbonate waters are distinctly different 
(Fig. 3). Neither trend shows evidence for oxida­
tion of the "C-depleted methane which occurs 
in the aquifers. Low-bicarbonate waters show a 
gentle slope on the 6 1 3 C D | C vs. DIC"1 plot, with 
y intersects suggesting input of DIC with o l 3C 
values between -12%o and -7°/oo. The likely 
source of this carbon is a combination of dissolu­
tion of l3C-depleted soil gas C0 2 (»-20°/oo; 
Reardon et al., 1979), oxidation of organic mat­
ter by sulfate reduction (»>-25%o), and carbon­
ate dissolution (-»0%o). 

The 5 l 3C Dic-DIC-' trend for high-bicar­
bonate waters exhibits a steeper slope (Fig. 3). 
Carbon isotopic compositions "begin" at about 
-20'Vui, and increase to about 0%o with increas­
ing DIC. The Sparta is the only aquifer where 
we have enough analyses of high-bicarbonate 
water to demonstrate a statistically significant 
correlation between 6 I 3 C D | C and DIC"1. Re­
gression of these data yields a y-intercept value, 
representing the o l 3C of added DIC, of 10%o 
(Fig. 3b). Half of the carbon added may be from 
calcium carbonate dissolution (6 I 3C - 0%o). If 
so, the 6 l 3C of the DIC added to Sparta water is 
closer to 20%o. Addition of DIC with 61 3C 
values of 10%o or greater is strong evidence for 
methanogenesis by C0 2 reduction, and evidence 
that this reaction, along with C02-producing 
fermentation and anaerobic oxidation reactions, 
is responsible for high bicarbonate content in 
Sparta waters. 

The same processes control the chemistry of 
the high-bicarbonate waters from the Queen 
City and Yegua aquifers. Although fewer data 
are available for these aquifers, high-bicarbonate 
waters show 6 I 3 C D I C - D I C " ' trends suggestive 
of input of l3C-enriched DIC (Fig. 3, a and c). It 
is likely that this process is responsible for high-
bicarbonate waters in other Gulf Coast aquifers 
as well. 

If methanogenesis is important in the forma­
tion of high-bicarbonate waters, then these wa­
ters should be methane-bearing and low-bicar­
bonate waters should be methane-free. Of 70 
wells shown in Figure 3, there are only 12 ex­
ceptions. Six low-bicarbonate waters in the 
Sparta have significant methane, and six high-
bicarbonate waters in the Sparta and Queen 
City are essentially methane-free. These excep­
tions may result from migration of methane or 
mixing of waters within the aquifer. Two Sparta 
wells bearing methane in low-bicarbonate water 
(wells H and I reported in Grossman et al., 
1986) are city wells with large cones of depres­
sion which may enhance either of these 
processes. 

CONCLUSIONS 
Bacterial production of methane predomi­

nantly by C0 2 reduction is responsible for the 
occurrence of methane in Eocene aquifers in 
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east-central Texas. C0 2 produced by fermenta­
tion and anaerobic oxidation reactions occurring 
in conjunction with methanogenesis is responsi­
ble for high bicarbonate contents in these 
ground waters. Methane from the Yegua-Cook 
Mountain and Sparta-Queen City aquifer sys­
tems differ in average o , 3 C by 10%o. This cor­
responds to an 8%o difference in the 6 I 3C of 
sedimentary organic matter from the Yegua and 
Sparta Formations. Combined with hydrogen 
isotope data, this observation suggests that the 
difference in methane 6 l 3 C values between aqui­
fers is caused by substrate differences, not by 
input of thermocataiytic gas or differences in 
methanogenic pathway. 
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