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Primexx - Coy Lowe SWD
20' Vertical Chloride Delineation - 5/19/2014

ID Lat Long
Depth

(feet)

Chloride

Lab Anl 

(ppm)

Sample

Date

Sample

Time

SP3-001

33.20871 -103.14334 0-5 1360 5/19/2014 9:40

5-10 1650 5/19/2014 9:56

10-15 388 5/19/2014 10:14

15-20 485 5/19/2014 10:30

20-25 291 5/19/2014 10:50

SP4-001

33.20890 -103.14350 0-5 971 5/19/2014 11:50

5-10 777 5/19/2014 11:55

10-15 97 5/19/2014 11:59

15-20 49 5/19/2014 12:02

SP5-001

33.20900 -103.14365 0-5 653 5/19/2014 12:16

5-10 385 5/19/2014 12:21

10-15 385 5/19/2014 12:24

15-20 <20 5/19/2014 12:27

C03-001

33.20863 -103.14363 0-5 1490 5/19/2014 12:52

5-10 817 5/19/2014 12:55

10-15 481 5/19/2014 12:58

15-20 192 5/19/2014 13:00

C4-001

33.20863 -103.14366 0-5 1540 5/19/2014 13:16

5-10 874 5/19/2014 13:18

10-15 1210 5/19/2014 13:20

15-20 251 5/19/2014 13:22

C5-001

33.20864 -103.14373 0-5 3440 5/19/2014 13:48

5-10 1310 5/19/2014 13:52

10-15 553 5/19/2014 13:54

15-20 201 5/19/2014 13:57
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Analytical and Quality Control Report

Debi Sport Moore 
Sport Environmental Services 
502 N. Big Spring Street 
Midland, TX, 79701

Project Location: Lea Co., NM 
Project Name: Primexx-Coy Lowe #1 SWD Release
Project Number: Primexx-Coy Lowe #1 SWD Release

Enclosed are the Analytical Report and Quality Control Report for the following sample (s) submitted to Trace Analysis, Inc.

Sample Description Matrix
Date

Taken
Time
Taken

Date
Received

363454 SP5-002-10’ soil 2014-05-19 12:21 2014-05-20
363455 SP5-002-15’ soil 2014-05-19 12:24 2014-05-20
363456 SP5-002-20’ soil 2014-05-19 12:27 2014-05-20
363458 C3-002-5’ soil 2014-05-19 12:52 2014-05-20
363459 C3-002-10’ soil 2014-05-19 12:55 2014-05-20
363460 C3-002-15’ soil 2014-05-19 12:58 2014-05-20
363461 C3-002-20’ soil 2014-05-19 13:00 2014-05-20
363463 C4-002-5’ soil 2014-05-19 13:16 2014-05-20
363464 C4-002-10’ soil 2014-05-19 13:18 2014-05-20
363465 SP3-002-5’ soil 2014-05-19 09:40 2014-05-20
363466 SP3-002-10’ soil 2014-05-19 09:56 2014-05-20
363467 SP3-002-15’ soil 2014-05-19 10:14 2014-05-20
363468 SP3-002-20’ soil 2014-05-19 10:30 2014-05-20
363469 SP3-002-25' soil 2014-05-19 10:50 2014-05-20
363470 SP4-002-5’ soil 2014-05-19 11:50 2014-05-20
363471 SP4-002-10’ soil 2014-05-19 11:55 2014-05-20
363472 SP4-002-15’ soil 2014-05-19 11:59 2014-05-20
363473 SP4-002-20’ soil 2014-05-19 12:02 2014-05-20

Report Date: May 23, 2014 

Work Order: 14052101



Sample Description Matrix
Date

Taken
Time
Taken

Date
Received

363475 SP5-002-5’ soil 2014-05-19 12:16 2014-05-20

363476 C4-002-15’ soil 2014-05-19 13:20 2014-05-20

363477 C4-002-20’ soil 2014-05-19 13:22 2014-05-20

363479 C5-002-5’ soil 2014-05-19 13:48 2014-05-20

363480 C5-002-10’ soil 2014-05-19 13:52 2014-05-20

363481 C5-002-15’ soil 2014-05-19 13:54 2014-05-20

363482 C5-002-20’ soil 2014-05-19 13:57 2014-05-20

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

This report consists of a total of 22 pages and shall not be reproduced except in its entirety, without written approval of 

Trace Analysis, Inc.

Dr. Blair Leftwich, Director 
Dr. Michael Abel, Project Manager
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Case Narrative

Samples for project Primexx-Coy Lowe #1 SWD Release were received by TraceAnalysis, Inc. on 2014-05-20 and assigned 
to work order 14052101. Samples for work order 14052101 were received intact at a temperature of 4.3 C.

Samples were analyzed for the following tests using their respective methods.

Prep Prep QC Analysis
Test Method Batch Date Batch Date
Chloride (Titration) SM 4500-C1 B 94828 2014-05-21 at 08:17 112160 2014-05-21 at 11:00
Chloride (Titration) SM 4500-C1 B 94828 2014-05-21 at 08:17 112161 2014-05-22 at 11:50
Chloride (Titration) SM 4500-C1 B 94828 2014-05-21 at 08:17 112162 2014-05-22 at 12:45

Results for these samples are reported on a wet weight basis unless data package indicates otherwise.

A matrix spike (MS) and matrix spike duplicate (MSD) sample is chosen at random from each preparation batch. The MS 
and MSD will indicate if a site specific matrix problem is occurring, however, it may not pertain to the samples for work order 
14052101 since the sample was chosen at random. Therefore, the validity of the analytical data reported has been determined 
by the laboratory control sample (LCS) and the method blank (MB). These quality control measures are performed with 
each preparation batch to ensure data integrity.

All other exceptions associated with this report have been footnoted on the appropriate analytical page to assist in general 
data comprehension. Please contact the laboratory directly if there are any questions regarding this project.
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Report Date: May 23, 2014

Primexx-Coy Lowe #1 SWD Release

Work Order: 14052101

Primexx-Coy Lowe #1 SWD Release
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Lea Co., NM

Analytical Report

Sample: 363454 - SP5-002-10’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112160
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-21
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 385 mg/Kg 5 4.00

Sample: 363455 - SP5-002-15’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112160
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-21
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 385 mg/Kg 5 4.00

Sample: 363456 - SP5-002-20’

Laboratory: Midland
Analysis: Chloride (Titration) Analytical Method: SM 4500-Cl B Prep Method: N/A
QC Batch: 112160 Date Analyzed: 2014-05-21 Analyzed By: AK
Prep Batch: 94828 Sample Preparation: 2014-05-21 Prepared By: AK

Parameter Flag
RL

Cert Result Units Dilution RL
<20.0 mg/Kg 5 4.00Chloride
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Primexx-Coy Lowe #1 SWD Release

Work Order: 14052101

Primexx-Coy Lowe #1 SWD Release
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Sample: 363458 - C3-002-5’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112160
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-21
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 1490 mg/Kg 5 4.00

Sample: 363459 - C3-002-10’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112160
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-21
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 817 mg/Kg 5 4.00

Sample: 363460 - C3-002-15’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112160
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-21
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 481 mg/Kg 5 4.00

Sample: 363461 - C3-002-20’

Laboratory:

Analysis:

QC Batch:

Prep Batch:

Midland
Chloride (Titration) 
112160 
94828

Analytical Method:

Date Analyzed:

Sample Preparation:

SM 4500-C1 B

2014-05-21

2014-05-21

Prep Method: N/A

Analyzed By: AK

Prepared By: AK



Report Date: May 23, 2014

Primexx-Coy Lowe #1 SWD Release

Work Order: 14052101

Primexx-Coy Lowe #1 SWD Release
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Lea Co., NM

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 192 mg/Kg 5 4.00

Sample: 363463 - C4-002-5’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112160
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-21
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 1540 mg/Kg 5 4.00

Sample: 363464 - C4-002-10’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 874 mg/Kg 5 4.00

Sample: 363465 - SP3-002-5’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)

112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 1360 mg/Kg 5 4.00
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Primexx-Coy Lowe #1 SWD Release

Work Order: 14052101

Primexx-Coy Lowe #1 SWD Release
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Sample: 363466 - SP3-002-10’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 1650 mg/Kg 5 4.00

Sample: 363467 - SP3-002-15’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 388 mg/Kg 5 4.00

Sample: 363468 - SP3-002-20’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 485 mg/Kg 5 4.00

Sample: 363469 - SP3-002-25’

Laboratory:

Analysis:

QC Batch:

Prep Batch:

Midland
Chloride (Titration) 

112161 
94828

Analytical Method:

Date Analyzed:

Sample Preparation:

SM 4500-C1 B

2014-05-22

2014-05-21

Prep Method: N/A

Analyzed By: AK

Prepared By: AK
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Primexx-Coy Lowe #1 SWD Release

Work Order: 14052101

Primexx-Coy Lowe #1 SWD Release
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Lea Co., NM

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 291 mg/Kg 5 4.00

Sample: 363470 - SP4-002-5’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 971 mg/Kg 5 4.00

Sample: 363471 - SP4-002-10’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 777 mg/Kg 5 4.00

Sample: 363472 - SP4-002-15’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 97.0 mg/Kg 5 4.00
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Primexx-Coy Lowe #1 SWD Release
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Sample: 363473 - SP4-002-20’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112161
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride 49.0 mg/Kg 5 4.00

Sample: 363475 - SP5-002-5’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112162
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Qs 653 mg/Kg 5 4.00

Sample: 363476 - C4-002-15’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112162
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Qb 1210 mg/Kg 5 4.00

Sample: 363477 - C4-002-20’

Laboratory: Midland

Analysis: Chloride (Titration)

QC Batch: 112162

Prep Batch: 94828

Analytical Method:

Date Analyzed:

Sample Preparation:

SM 4500-Cl B

2014-05-22

2014-05-21

Prep Method: N/A

Analyzed By: AK

Prepared By: AK
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Primexx-Coy Lowe #1 SWD Release
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Primexx-Coy Lowe #1 SWD Release
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Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Qa 251 mg/Kg 5 4.00

Sample: 363479 - C5-002-5’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112162
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Qa 2360 mg/Kg 5 4.00

Sample: 363480 - C5-002-10’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112162
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Q« 2510 mg/Kg 5 4.00

Sample: 363481 - C5-002-15’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112162
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Qa 553 mg/Kg 5 4.00
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Sample: 363482 - C5-002-20’

Laboratory:
Analysis:
QC Batch: 
Prep Batch:

Midland
Chloride (Titration)
112162
94828

Analytical Method: 
Date Analyzed: 
Sample Preparation:

SM 4500-C1 B 
2014-05-22
2014-05-21

Prep Method: 
Analyzed By: 
Prepared By:

N/A
AK
AK

Parameter Flag
RL

Cert Result Units Dilution RL
Chloride Q« 201 mg/Kg 5 4.00
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Method Blanks

Method Blank (1) QC Batch: 112160

QC Batch: 112160 Date Analyzed: 2014-05-21 Analyzed By: AK
Prep Batch: 94828 QC Preparation: 2014-05-21 Prepared By: SS

Parameter Flag Cert
MDL

Result Units RL
Chloride <3.85 mg/Kg 4

Method Blank (1)

QC Batch: 112161

QC Batch: 112161

Date Analyzed: 2014-05-22 Analyzed By: AK
Prep Batch: 94828 QC Preparation: 2014-05-21 Prepared By: SS

Parameter Flag Cert
MDL

Result Units RL
Chloride <3.85 mg/Kg 4

Method Blank (1) QC Batch: 112162

QC Batch: 112162 Date Analyzed: 2014-05-22 Analyzed By: AK
Prep Batch: 94828 QC Preparation: 2014-05-21 Prepared By: SS

MDL
Parameter Flag Cert Result Units RL
Chloride <3.85 mg/Kg 4
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Laboratory Control Spikes

Laboratory Control Spike (LCS-1)

Analyzed By: AK 
Prepared By: SS

QC Batch: 112160
Prep Batch: 94828

Date Analyzed: 2014-05-21
QC Preparation: 2014-05-21

Param
LCS

F C Result Units Dil.
Spike

Amount
Matrix
Result Rec.

Rec.
Limit

Chloride 2500 mg/Kg 5 2500 <19.2 100 85 - 115

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

Param
LCSD

F C Result Units
Spike

Dil. Amount
Matrix
Result

Rec.
Rec. Limit RPD

RPD
Limit

Chloride 2550 mg/Kg 5 2500 <19.2 102 85 - 115 2 20

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

Laboratory Control Spike (LCS-1)

Date Analyzed: 2014-05-22
QC Preparation: 2014-05-21

QC Batch: 112161
Prep Batch: 94828

Analyzed By: AK 
Prepared By: SS

Param
LCS

F C Result Units Dil.
Spike

Amount
Matrix
Result Rec.

Rec.
Limit

Chloride 2480 mg/Kg 5 2500 <19.2 99 85- 115

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

Param
LCSD

F C Result Units
Spike

Dil. Amount
Matrix
Result

Rec.
Rec. Limit RPD

RPD
Limit

Chloride 2570 mg/Kg 5 2500 <19.2 103 85 - 115 4 20

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

Laboratory Control Spike (LCS-1)

QC Batch: 112162
Prep Batch: 94828

Date Analyzed: 2014-05-22
QC Preparation: 2014-05-21

Analyzed By: AK
Prepared By: SS
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Par am
LCS

F C Result Units Dil.
Spike

Amount
Matrix
Result Rec.

Rec.
Limit

Chloride 2610 mg/Kg 5 2500 <19.2 104 85 - 115

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

Par am
LCSD

F C Result Units
Spike

Dil. Amount
Matrix
Result

Rec.
Rec. Limit RPD

RPD
Limit

Chloride 2560 mg/Kg 5 2500 <19.2 102 85 - 115 2 20

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

Matrix Spike (MS-1) Spiked Sample: 363463

QC Batch: 112160 Date Analyzed: 2014-05-21 Analyzed By: AK
Prep Batch: 94828 QC Preparation: 2014-05-21 Prepared By: SS

Param
MS

F C Result Units Dil.
Spike Matrix

Amount Result Rec.
Rec.
Limit

Chloride 4230 mg/Kg 5 2500 1540 108 78.9 - 121

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

Param
MSD

F C Result Units Dil.
Spike

Amount
Matrix Rec.
Result Rec. Limit

RPD 
RPD Limit

Chloride 4420 mg/Kg 5 2500 1540 115 78.9 - 121 4 20

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

Matrix Spike (MS-1) Spiked Sample: 363473

QC Batch: 112161 Date Analyzed: 2014-05-22 Analyzed By: AK
Prep Batch: 94828 QC Preparation: 2014-05-21 Prepared By: SS

Param
MS

F C Result Units Dil.
Spike Matrix

Amount Result Rec.
Rec.
Limit

Chloride 2670 mg/Kg 5 2500 49 105 78.9 - 121

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

Param
MSD

F C Result Units
Spike

Dil. Amount
Matrix Rec.
Result Rec. Limit

RPD 
RPD Limit

Chloride 2770 mg/Kg 5 2500 49 109 78.9 - 121 4 20

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

Matrix Spike (MS-1) Spiked Sample: 363483

Analyzed By: AK 
Prepared By: SS

QC Batch: 112162 Date Analyzed: 2014-05-22
Prep Batch: 94828 QC Preparation: 2014-05-21
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Par am
MS

F C Result Units DU.
Spike

Amount
Matrix Rec.
Result Rec. Limit

Chloride 3170 mg/Kg 5 2500 251 117 78.9 - 121

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

MSD Spike Matrix Rec. RPD
Param F C Result Units Dil. Amount Result Rec. Limit RPD Limit
Chloride q. q« 3370 mg/Kg 5 2500 251 125 78.9 - 121 6 20

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



Report Date: May 23, 2014 Work Order: 14052101 Page Number: 19 of 22

Primexx-Coy Lowe #1 SWD Release Primexx-Coy Lowe #1 SWD Release Lea Co., NM

Calibration Standards

Standard (ICV-1)

QC Batch: 112160 Date Analyzed: 2014-05-21 Analyzed By: AK

ICVs ICVs ICVs Percent
True Found Percent Recovery Date

Param Flag Cert Units Cone. Cone. Recovery Limits Analyzed
Chloride mg/Kg 100 101 101 85- 115 2014-05-21

Standard (CCV-1)

QC Batch: 112160 Date Analyzed: 2014-05-21 Analyzed By: AK

CCVs CCVs CCVs Percent
True Found Percent Recovery Date

Param Flag Cert Units Cone. Cone. Recovery Limits Analyzed
Chloride mg/Kg 100 99.0 99 85 - 115 2014-05-21

Standard (ICV-1)

QC Batch: 112161 Date Analyzed: 2014-05-22 Analyzed By: AK

ICVs ICVs ICVs Percent
True Found Percent Recovery Date

Param Flag Cert Units Cone. Cone. Recovery Limits Analyzed
Chloride mg/Kg 100 100 100 85 - 115 2014-05-22

Standard (CCV-1)

QC Batch: 112161 Date Analyzed: 2014-05-22 Analyzed By: AK

CCVs CCVs CCVs Percent
True Found Percent Recovery Date

Param Flag Cert Units Cone. Cone. Recovery Limits Analyzed
Chloride mg/Kg 100 100 100 85- 115 2014-05-22
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Standard (ICV-1)

QC Batch: 112162 Date Analyzed: 2014-05-22 Analyzed By: AK

ICVs ICVs ICVs Percent
True Found Percent Recovery Date

Param Flag Cert Units Cone. Cone. Recovery Limits Analyzed

Chloride mg/Kg 100 102 102 85 - 115 2014-05-22

Standard (CCV-1)

QC Batch: 112162 Date Analyzed: 2014-05-22 Analyzed By: AK

CCVs CCVs CCVs Percent
True Found Percent Recovery Date

Param Flag Cert Units Cone. Cone. Recovery Limits Analyzed

Chloride mg/Kg 100 98.0 98 85 - 115 2014-05-22
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Appendix

Report Definitions

Name Definition
MDL Method Detection Limit
MQL Minimum Quantitation Limit
SDL Sample Detection Limit

Laboratory Certifications

Certifying Certification Laboratory
C Authority Number Location

NCTRCA WFWB384444Y0909 TraceAnalysis
- DBE VN 20657 TraceAnalysis
- HUB 1752439743100-86536 TraceAnalysis

WBE 237019 TraceAnalysis

Standard Flags

F Description
B Analyte detected in the corresponding method blank above the method detection 

limit
H Analyzed out of hold time 
J Estimated concentration

Jb The analyte is positively identified and the value is approximated between the SDL 
and MQL. Sample contains less then ten times the concentration found in the 
method blank. The result should be considered non-detect to the SDL.

Je Estimated concentration exceeding calibration range.
Mil Split peak or shoulder peak 
MI2 Instrument software did not integrate 
MI3 Instrument software misidentified the peak 
MI4 Instrument software integrated improperly 
MI5 Baseline correction

Qc Calibration check outside of laboratory limits.
Qr RPD outside of laboratory limits 
Qs Spike recovery outside of laboratory limits.

Qsr Surrogate recovery outside of laboratory limits.
U The analyte is not detected above the SDL

Attachments



Report Date: May 23, 2014 Work Order: 14052101

Primexx-Coy Lowe #1 SWD Release Primexx-Coy Lowe #1 SWD Release

The scanned attachments will follow this page.
Please note, each attachment may consist of more than one page.

Page Number: 22 of 22

Lea Co., NM



LAB Order ID t
Ho i

Page

rl raceAnalysis, Inc.
email: lab@traceanalysis.com

0701 Aberdeen Ave, Ste 9 

Lubbock,Texu 79424 

Tel (806) 794-1296 

Fax (806) 794-1298 

1 (800) 378-1296

j2 Basm Street Suite A1 

Midland,Texas 79703

Tel (432) 689-6301 

Fax (432) 689-6313

200 East Sunset Rd, Suite E 

El Paso, Texas 79922

Tel (915)585-3443 

Fax (915) 585-4944

BioAquaUc Testing 

2501 Mayes Rd Ste 100 

Carrollton, Texas 76006

Tel (972) 242-7750

_l_of _3

Relinquished by: Company: Date: Time:

Company Name:
Sport Environmental Services, PLLC

Phone#:
(432) 683-1100

ANALYSIS REQUEST

ffNrrlo nr SnuaritFu Wirt \

Address:
502 N. Big Spring Street, Midland, Texas 79701

Fax#:
(888) 600-0622

n-
CN

CO
0
<D

ONCO

CN
O
CD

CO

CN
O
CD

LU
CD
5

| B
T

E
X

 80
21

B
 / 

60
2 

/ 8
26

0B
 / 

62
4

|T
P

H
 41

8.
1 

/ T
X

10
05

 / 
D

R
O

 / 
T

V
H

C

| P
A

H
 82

70
C

/6
25

 
{

|T
ot

al
 M

et
al

s 
A

g 
A

s 
B

a 
C

d 
C

r 
P

b 
S

e 
H

g 6
01

0B
/2

00
.7

 
;

CDX
<8

■OCL
L_o
T3
o
8

5

CD<
cn
a
<u

Q.

e

| T
C

LP
 V

ol
at

ile
s 

<

| T
C

LP
 S

em
i V

ol
at

ile
s 

#

| T
C

LP
 P

es
tic

id
es

 
1

o
(T

CN
03

CD
O
co
CN00

o
>
00
5

|G
C

/M
S

 S
em

i. 
V

ol
. 8

27
0C

/6
25

 
;

|P
C

B
'S

 8
08

2/
60

8 
<

§

CO

<
§
CO
1

1

o. |B
0D

,T
S

S
, p

H

c.
0)
c
<3

1

■2r
c
1

<

CL
o
0.

z

04§

z

o
z

£

ll

$>

|N
a,

 C
a,

 M
g,

 K
, T

D
S

, E
C

| V
ol

at
ile

s 
by

 M
et

ho
d 

82
60

T
ur

n 
A

ro
un

d 
T

im
e 

if 
di

ffe
re

nt
 fr

om
 s

ta
nd

ar
d

2
o
X

Contact Person:
Debi S. Moore, M.E., R.E.P.A.

E-mail:
debi@sportenvironmental.com

Invoice to:
same as above

Protect#:
N/A

Project Name:
Primexx - Coy Lowe #1 SWD 

Release

Project Location: 
(include state)

Lea County, New Mexico

Samoter
Signature: / —-----------

LAB#

/ LAB USE \ 
\ ONLY J

FIELD CODE
# 

C
O

N
T

A
IN

E
R

S

V
ol

um
e/

A
m

ou
nt MATRIX

PRESERVATIVE
METHOD

SAMPLING

W
A

T
E

R

S
O

IL

o:
< S

LU
D

G
E

—1
o
X

no
z
X

TTo
CO

04X N
aO

H

LU
O N

O
N

E

D
A

T
E

T
IM

E

3L3454 STf-ooZ-io' X X iW X
sr^'Ota-\s< < X % \VM X

45^ SPF'OOl- z& X V A*
IW

/

Sfg-ooz- 75' X K 3h
IZJo X

4Sb cyooZ- S' X X art X
ct-ooz- /o' X < 12 rr X
C3-002-- is' X X SM MSS X
C^-OOTr Z-0' y K 1300 *
Cl-OOZT 75' X < Ocy X
Cti-OOZr S' X X K
CH-OOT-' 10' X X (>(8 X

Relinquished by: Company: Date: Time: Received by: Company: Date Time: INST LAB USE
REMARKS: UjlWA y# A GUf

-- -------5r»ercwJ r/fl/tq t :£*&<.!***,c 5-6-i . 0BS 
IPiTI^COR

"(
-( ONLY

Relinquished by: Company: Date: Time: Received by: Company: Date Time,

::3 uD
T___ lntact£ Dry Weight Basis Required

UV1 $€$ 5/W Ilfeir' "< Headsoace yVnj^J
/ | | TRRP Report Required

y: Company: , Date: Time:

t- ~m %7/v alls

Submittal of samples constitutes agreement to Terms and Conditions

Log-in R<a
Carrier« ( XyO

□ Check If Special Reporting Limits Are Needed

ORIGINAL COPY



LAB Order ID P
iLj'05<^/° i

Page of

Company Name:

Address:

Contact Person:

Invoice to:

ri raceAnalysis, Inc.
email: lab@traceanalysis.com

6701 Aberdeen Ave Ste 9 

Lubbock,Texas 79424 

Tel (006) 794-1296 

Fax (006) 794-1290 

1 (000) 378-1296

a Basin Street. Suite A1 
Midland,Texas 79703 

Tel (432) 689-6301 

Fax (432)689-6313

200 East Sunset Rd , Suite E 

El Paso, Texas 79922 

Tel (915) 585-3443 

Fax (915) 585-4944

BoAquabc Testing 

2501 Mayes Rd . Ste 100 

Carrollton, Texas 75006

Tel (972) 242-7750

Sport Environmental Services, PLLC

S02 N. Big Spring Street, Midland, Texas 79701

Debi S. Moore, M.E., R.E.P-A.

Phone #:
(432) 683-1100

Fax#:
(888) SOQ-0622

E-mall:
debi@sportenvironniental.com

same as above

Project#:
N/A

Project Location: 

(include state)

LAB#

(LAB USE \ 
ONLY J

3e3 4V5

yen

32
tflo

"TT

4TZ

TP5

Lea County, New Mexico

FIELD CODE

Sr'i-oox-s-'

£(>■2-002--1 o'

Sfz-ooz-l^'

Sr3-O02--2°'

gr3-o02.'2-S''

sr^-ooz-^'

S?H--002.-l0‘

jpi+-ooz-e3

Srn-o°2--zo'

Setr-ooz-*'

Relinquished by: Company: Date: Time:

Date: Time:Relinquished by: Company:

Relinquished by: Company: Date: Time:

(W SCS

(O
o:
LU

z

O

o
4k

c

0

E

1E
O

>

Project Name:
Primexx - Coy Lowe #1 SWD 

Release

Sampler

Signature:

MATRIX

X

£
X
X

X

PRESERVATIVE
METHOD

X

O

SAMPLING

*6
H,

<n<t o

iM

lt)30

1050

USo

H5T

izoz.

IW

an.
Received by: Company: Date:

^ IPtttfcyCOR

Time: |NST_

OBS

Received by: Date: Time: INST
3'- *f30s_

^/N C0R y ^ Log-in Review

Submittal ot samples constitutes agreement to Teims and Conditions

ANALYSIS REQUEST
(Circle or Specify WSethocJ No.)

LAB USE 
ONLY

Intact. /N

C Headsi

REMARKS:

X

x

□ Dry Weight Basis Required

□ TRRP Report Required

Check If Special Reporting Limits Are Needed

Camer,

T±ORIGINAL COPY





C-144 Supplemental Documentation for Temporary Pit

Contractor Instructions for 

Temporary Pit In-Place Closure

General Protocols and Procedures
• Before drilling pit closure begins all free liquids from the pit will be recycled or 

disposed in a manner consistent with OCD Rules.

• Residual drilling fluids will be removed from the pit within 60 days of release of the 

last drilling rig associated with the relevant pit permit.

• Water derived from the well stimulation program (flow-back or unused fresh water) 

may discharge into the pit if the water could be re-used for E&P operations

• Well stimulation water may discharge into a drainage system in the pit to flow through 

the solids or onto the solids in the pit, reducing the levels of certain constituents by 

rinsing or transferring oxygen or other amendments into the solids.

• A pump may be utilized remove water from the drainage system to a tank or to another 

cell of the pit (ie, the brine or fluids cell) of the temporary pit; thereby further rinsing 

the residual solids in the pit.

• The residual drilling mud and cuttings will be stabilized to a capacity sufficient to 

support the 4-foot thick soil cover.

• The residual pit solids will be mixed at a ratio not to exceed 1-part pit solids to 3-parts 

dry earth material (e.g. subsoil) prior to any sampling for compliance with the Rule.

Protocols and Procedures for Earthwork
Stabilization of the residual cuttings and mud is accomplished by mixing dry earth material 

within the temporary pit footprint. Requirements of the operator or qualified contractor are as 

follows:

A. The pit liner will be cut at the solids level and removed. At this time, an operator’s 

representative will be present to observe the nature of the material beneath the liner.

B. The solids will be mixed with clean fill from the sides and bottom of the pit footprint 

to absorb moisture for initial stabilization.

C. After initial stabilization, the solids may be allowed to dry for several days prior to 

continuing with closure.

D. Additional dry fill will be added to the pit solids as necessary to allow grading of the 

stabilized solids to allow placement of the Geomembrane cover.

E. The upper surface of the stabilized cuttings will be:

a. Sloped in a manner to prevent infiltration of water and so that infiltrated water 

does not collect on the overlying geomembrane cover after the upper soil cover 

has been placed. If feasible, the surface of the stabilized solids will be sloped 

at about 3-5H:lV

b. At least 4-feet below the natural elevation of the area as measured and 

documented by the operator’s representative.

c. Pass the paint filter liquids test according to the observations of the operator’s 

representative.

©2014 R.T. Hicks Consultants, Ltd
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C-144 Supplemental Documentation for Temporary Pit

After stabilization the operator or qualified contractor will:

1. Place a geomembrane cover over the sloping surface of the stabilized waste material, 

covering all exposed areas of stabilized solids plus areas outside of the stabilized 

cuttings as directed by the operator’s representative.

2. Use new geomembrane cover made of 20-mil string reinforced LLDPE liner with 

welded seams

3. Place the Soil Cover over the sloping, stabilized material and liner. The soil cover 

includes:

a. At least 3-feet of compacted, uncontaminated, non-waste containing earthen fill 

with chloride concentrations less than 600 mg/kg as analyzed by EPA Method 

300.0.

b. Either the background thickness of topsoil or one foot of suitable material to 

establish vegetation at the site, whichever is greater, over the 3-foot earth material.

4. Contour the cover to:

a. Blend with the surrounding topography

b. Prevent erosion of the cover and

c. Prevent ponding over the cover.

Reclamation and Re-vegetation Plan
In addition to the area of the in-place burial, the contractor will reclaim the surface impacted 

by the temporary pit, including access roads associated with the pit, to a safe and stable 

condition that blends with the surrounding undisturbed area.

For all areas disturbed by the closure process that will not be used for production operations 

or future drilling, the operator will:

I. Replace the topsoil and subsoil to their original relative positions

II. Grade the surface so as to achieve erosion control, long-term stability. This should 

include seeding/furrowing along the elevation contour.

III. Reclamation should preserve storm water drainage patterns

IV. Reseed all reclaimed areas in the first favorable growing season following closure

Re-vegetation and reclamation plans imposed by the surface owner will be outlined in 

communications with the OCD.

When the site meets the surface owner’s requirements (e.g. seed mix) or exhibit a uniform 

vegetative cover that reflects a life-form ratio of plus or minus fifty percent (50%) of pre­

disturbance levels and a total percent plant cover of at least seventy percent (70%) of pre­

disturbance levels, excluding noxious weeds, a final report will be submitted to the OCD.

©2014 R.T. Hicks Consultants, Ltd
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Seepage into Waste - Vertical Migration Through Unlined Dike Into 

Waste And Through Future Cracks/Holes In Liner

Below are two conceptual examples that illustrate the downward and lateral migration of moisture from 

the ground surface. To better understand unsaturated flow mechanics (and this discussion) we 

recommend an excellent 24-page primer on unsaturated flow provided in a USGS publication 

http://wwwrcamnl.wr.uses.eov/uzf/abs pubs/papers/nimmo.05.uzflowproc.ehs.hsal61.pdf.

Minimum Seepage Case Scenario - No Flux/No Solute Transport Up or Down
This scenario requires compliance with the Pit Rule. Specifically

1. One-foot of topsoil (or "suitable material"), which includes organic matter, sand, clay, degraded 

caliche. The topsoil is finer-grained than the underlying soil cover and is similar to a sandy loam.

2. Beneath the topsoil is at least 3 feet of clean, earth material. This material is typically caliche, 

dune sand or sometimes bedrock (claystone, limestone, gypsum or sandstone).

3. The graded ground surface over the stabilized material is sloped to prevent ponding of water 

and erosion of the cover material

4. A plant cover of at least seventy percent (70%) of pre-disturbance levels covers the area of the 

reclaimed pit site.

If an operator meets this compliance with the Rule, modeling of unsaturated flow and measurement of 

moisture flux in the Permian Basin show that the movement of water at the 4-foot depth level is so 

small as to be nil. A Geomembrane cover is not technically required where an operator is fully 

compliant with the mandates of the Rule.

This was the argument put forward in the Pit Rule testimony by several NMOGA experts: compliance 

with the Pit Rule mandates described above obviates the need for a Geomembrane liner. There are 

many peer-reviewed professional papers that discuss the movement of moisture in the arid west and 

support this "minimum seepage" scenario of "effectively zero movement of water, up or down, at a 

depth of 4-feet beneath a sloped, vegetated surface". A few of these papers are listed below.

Research
The paper written by Dwyer and Revis (Alternative Landfill Cover Demonstration, FY 2000 Annual Date 

Report, http://www.sandia.gov/caps/alternative covers.pdf) discusses the moisture migration beneath 

several different landfill cover designs at Sandia National Laboratories in Albuquerque, NM. With 

respect to the soil and Geomembrane cover above stabilized drilling waste, the evaluation of the 

Evapotranspiration Soil Cover is most germane.

Evapotranspiration Soil Cover

Vegetation -\ _____ _ r„,

Topsoil
15 cm

Native Soil 90 cm

Prepared Subgrade



As shown in the graphic, the ET Soil Cover is very similar to the mandated soil cover in the Pit Rule. 

However,

• a 5% grade is not mandated by the Rule, but the provision to prevent ponding is mandated.

• The 15 cm of topsoil (6 inches) in the described experiment is half of what is required by the Pit 

Rule.

• The 90 cm (3 feet) of native soil (or clean fill) is less than what is mandated by the Rule. The 

"prepared subgrade" is not defined, but since the monitoring of moisture flux takes place above 

the subgrade, the nature of this material is not important to the findings.

The moisture flux of the ET Soil Cover as compared to other tested covers is presented below.

Table 4. Flux Rate Values of Test Covers at the ALCD Site

Year

Flux rates (mm/year)

Subtitle D GCL Subtitle C Capillary
Barrier

Anisotropic
Barrier

ET

1997 (May 1 - Dec 31) 10.62 1.51 0.12 1.62 0.15 0.22

1998 4.96 0.38 0.30 0.82 0.14 0.44
1999 3.12 4.31 0.04 0.85 0.28 0.01
2000 (Jan 1 - Jun 25) 0.00 0.00 0.00 0.00 0.00 0.00
Average 4.82 1.81 0.13 0.87 0.16 0.19

The ET test cover performed very favorably, as can be readily seen by the declining 3-year flux rate: from

0.22 mm/year to 0.01 mm/year. Because the data from 2000 stops prior to the typical monsoon 

months, the flux rate is not comparable to the remainder of the table.

Similar results can be found in the following publications:

• Evaluation of Evapotranspirative Covers for Waste Containment in Arid and Semiarid Regions in 

the Southwestern USA http://www.beg.utexas.edu/staffinfo/pdf/scanlon vadosezi.pdf

• Fact Sheet on Evapotranspiration Cover Systems for Waste Containment, US EPA, 

http://www.epa.gov/tio/download/remed/epa542fll001.pdf

Opinions
Our modeling and monitoring of conditions in the Permian Basin support the general findings of the

referenced publications and the testimony of experts at the Pit Rule hearings. We conclude:

1. The moisture flux (water drainage) is essentially zero beneath a 4-foot thick, sloped monolithic 

soil cover constructed in a manner consistent with the Pit Rule with a loamy-sand topsoil 
overlaying a coarser-grained caliche and/or sand layer.

2. At a 4-foot depth, an upward moisture flux beneath a cover composed of heterogeneous earth 

material is also essentially zero

3. Given the lack of any significant moisture flux at a depth of 4-feet, horizontal migration of 

moisture from adjacent soils/subsoil into buried waste is also zero

4. Under these conditions, a Geomembrane liner is not necessary

Maximum Seepage Case Scenario - Flux/ Solute Transport Up and Down

This scenario assumes minimal compliance with the Pit Rule and certain site-specific conditions:

1. Less than one-foot of topsoil (or "suitable material") in certain areas overlying the pit footprint.

2. The "topsoil" is dune sand, which is not uncommon in the Permian Basin and not materially 

finer-grained than the underlying soil cover.



3. Beneath the dune sand topsoil is at 2-3 feet of clean, dune sand - less than the minimum 
thickness required by the Pit Rule can occur due to movement of dunes prior to stabilization by 

vegetation.
4. The graded ground surface over the stabilized material approximates low dunes of the area and 

does not prevent localized ponding of water or minor wind erosion of the cover material. Thus, 

over time, the manufactured low dunes of the soil cover may become more pronounced by the 

formation of small "blow outs" that collect water

5. A plant cover of at least seventy percent (70%) of pre-disturbance levels may cover the area of 

the reclaimed pit site. However, the pre-disturbance vegetation in the dune field was low and 

thus vegetation may not cover much of the manufactured dune field over the stabilized pit 

solids.

Research
Our modeling of unsaturated flow in the Permian Basin provides results that are consistent with our 

observations: beneath a relatively homogeneous sand layer (dune sand) precipitation will migrate below 

4-feet. Beneath sandy areas where stormwater can accumulate, such as in dune blow out areas, the 

moisture flux will be greatest.

Not only are these observations relatively obvious, they are supported by peer reviewed research. A 

field study of deep drainage (recharge) beneath dune sand is available at the web site 
http://wrri.nmsu.edu/publish/techrpt/trl77/trl77.pdf. Numerous more recent peer reviewed paper 

are readily available on the web that provide estimates of recharge through sand dunes.

The fluid mechanics of unsaturated flow through sand in the Permian Basin can be illustrated by AMIGO 
simulations (see http://www.americanpetroleuminstitute.com/environment-health-and-safetv/clean-

water/surface-water-qualitv/api-amigo-online- 

decision-support-tool). The AMIGO simulation to 

the left shows the moisture flux at 10-feet below 

ground surface for a medium sand topsoil and 

medium sand underlying the soil. This simulation 

predicts relatively large pulses of recharge occurring 

at 18,27, 36, and at 60 plus years. These recharge 

pulses are responses to large rainfall events over a 

short period that typically occur during the El Nino 

cycles. The simulation demonstrates the obvious, 
migration of moisture from the surface to the 
Geomembrane liner occurs. The simulated moisture 
flux ranges from less than 0.1 inches/day to more 

than 0.6 inches per day. Pulses of recharge occur 

with almost yearly regularity. The AMIGO model 
employs daily weather data from Pearl, NM (about 

10 miles west of Hobbs)

The second AMIGO simulation to the left assumes 

loam topsoil overlying medium sand and caliche 

subsoil. The moisture flux at 10 feet beneath the 

surface is less than 10 percent of the simulation 

using a medium sand topsoil and measurable
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recharge events occur only twice over the 80 year period. These small and infrequent recharge events 

are a principal reason that many experts, including Hicks Consultants, believe that a Geomembrane 

cover is not required in in the Permian Basin where a sandy-loam topsoil overlies heterogeneous 

caliche/sand fill layer.

Because moisture flux will occur under dune sand conditions (relatively homogeneous media), the long­
term degradation of the geomembrane cover will effect when/how/if chloride in the stabilized cuttings 

migrates up or down. Also, lateral migration from the edges of the liner to the stabilized waste may or 

may not pose an environmental threat.

With respect to lateral migration, non-vertical flow has been documented experimentally in 

heterogeneous media and would be expected to also exist in the field. However, as stated in the 

previously-referenced USGS summary of unsaturated zone processes: "[Unsaturated] flow is often

assumed to be predominantly vertical because

i. with a continuous air phase in the pores, 

buoyancy does not counteract gravity as it does in the 

saturated zone, and

ii. whatever the effect of other forces, gravity 

acts vertically."

This same USGS publication also presents several 

examples of non-vertical flow, some of which may be 

expected in the Permian Basin.

The magnitude of horizontal flow paths is discussed in 

the paper

http://onlinelibrarv.wilev.com/doi/10.1029/97WR012Q9/pdf. The adjacent figure (17) from that paper 

shows that numerical predictions of solute flow paths over the 10 meter thick column (heterogeneous) 

suggest that flow can move as much as 3 meters horizontally over the 10 meter vertical column. This 

magnitude of horizontal flow would not occur under the more homogeneous conditions of fill (or berms) 

comprised of dune sand.

Non-vertical unsaturated flow will occur within heterogeneous porous media, such as residual drilling 
solids stabilized with dune sand and broken caliche fill that forms the berms between the cells of many 

reserve pits. The geomembrane cover also creates significant heterogeneity (an impermeable sloping 

layer) that will cause increased moisture content and lateral movement of moisture along the sloped 

surface. At the boundary between the overlying dune sand, the geomembrane cap, the underlying 
stabilized drilling solids and the adjacent material (e.g. dune sand or a natural clay/caliche layer), 

moisture will move vertically with some dispersion (horizontal component of movement). The figures 

below present a realistic example that describes this relationship.

About 3-5 years after pit closure, the first 

pulse of moisture reaches the liner. After the 

next pulse of infiltration, about 7-15 years 

after closure, the moisture content of the 

dune sand immediately above the liner is 

sufficiently large that the moisture is 

expected to migrate down slope of the liner 

to the edge.

Figure 17. Particle traclcs for case U1 = I05).



In the next figure, Time = 0 is about 15-20 years 

after closure. At Time=0, moisture that 

collected at the edge of the geomembrane cap 

begins to intrude into the heterogeneous 

stabilized cuttings, moving vertically and 

horizontally at a maximum expected ratio of 3 

feet vertical to 1 foot horizontal. Time = 1 is 

about 20-25 years after closure and Time = 2 

could be 27-32 years after closure, depending 

upon the frequency of moisture pulses moving through the dune sand.

As moisture moves downward and into the stabilized solids in response to gravity, the horizontal 

migration into the stabilized solids could be 3V:1H or less. At a typical closed reserve pit, the maximum 

expected intrusion of moisture into the stabilized cuttings from the edge of the geomembrane cover is 

about 1.5 feet if:

• maximum thickness of stabilized cuttings in the pit is 9 feet (a reasonable estimate)

• slope of the liner is 4.5H:1V (reasonable estimate)

• downslope length of the slope is 9-18 feet (reasonable estimate)

• ratio of vertical to horizontal moisture movement is 3V:1H

• 5 feet of stabilized cuttings lie at an elevation lower than the edge of the geomembrane cap.

In addition to intrusion of moisture into the stabilized solids from the edges of the liner, as tears and 

holes occur in the liner, intrusion of moisture will also occur. According to the publication 

http://www.eeosvnthetic-institute.org/papers/paper6.pdf. Table 2 (below) presents the lifetime 

predictions of unexposed (e.g. buried) HDPE. For reference, this same paper estimates the lifetimes of 

exposed HDPE and LLDPE as 36 years. Various publications suggest that the lifetime of unexposed LLDPE 

would be slightly less than buried HDPE.

Table 2 - Lifetime prediction of HDPE (nouexposed) at various field temperatures

In Service Stage “A” (years) Stage “B” Stage “C” Total

Temperature
(°C)

Standard
OIT

High Press. 
OIT

Average
OIT (years) (years)

Prediction*
(years)

20 200 215 208 30 208 446

25 135 144 140 25 100 265
30 95 98 97 20 49 166

35 65 67 66 15 25 106

40 45 47 46 10 13 69
*Total = Stage A (average + Stage B + Stage C

Assuming a soil temperature at 4-feet below grade in the Permian Basin is 20°C (about 70°F), the Table 

suggests that degradation of LLDPE under standard pressure (expected for a geomembrane cover buried 

at only 4-feet) would begin sometime before 200 years as oxidation of the liner reduces the strength 

(Stage A is when Oxidative Induction Time, OIT, begins). This report suggests that actual degradation 

(loss of integrity) of an LLDPE liner would occur less than 30 years after the onset of oxidation (Stage B). 

The table suggests that for LLDPE less than 208 years are required from the time of initial degradation to



a loss of 50% of LLDPE liner integrity (the half-life, Stage C). However, under field conditions where 

100% of the seams may not be perfectly welded according to standards, some stress cracking of the 

liner may occur, creating localized loss of integrity at these tears earlier than shown in the Table (see 

http://www.eeosvnthetica.net/Uploads/IDPiesUKpaper.pdf).

As holes and cracks appear in the geomembrane cap, intrusion of moisture into the stabilized drilling 

solids will occur. Intrusion of moisture into the drilling solids, from cracks or from the edges of the cap, 

will cause the downward vertical migration of soluble constituents, such as chloride. The dominant 

downward migration may have a horizontal component of as much as 1H:3V in heterogeneous earth 

material.

Opinion
1. Upward wicking of moisture through relatively homogeneous dune sand will not occur at depths 

greater than 4-feet

2. About 15-20 year after closure, pulses of moisture will intrude about 1-2 feet into the stabilized 

solids from the edges of the geomembrane cap. This intrusion will cause the downward 

migration of soluble constituents, such as chloride, from about 5% of the buried waste 

[(1.5/18)*(5/9) = 5%].

3. The mass of soluble constituents within this 5% of the buried solids will migrate downward over 

decades while the majority of the soluble material mass remains relatively immobile beneath 

the geomembrane cap.
4. Some stress cracks and tears in the geomembrane cap will occur before year 200 (after closure), 

allowing the intrusion of moisture and downward migration of soluble constituents. These 

stress cracks will allow a minor amount of moisture intrusion and a minor mass of soluble 

constituents to migrate downward from the stabilized waste. A reasonable estimate of the mass 

removed before year 200 by this process is 5%.

5. Beginning before year 200 and continuing for more than a century, the LLDPE geomembrane 

cover will degrade by 50%, rendering the cover ineffective. Intrusion of moisture through the 

failed portions of the cover as they occur will migrate that portion of soluble constituents in the 

buried solids downwards. In this manner, the remaining 90% of the mass of soluble constituents 

are migrated downwards as the liner degrades at a rate of less than 1% of the mass per year.

6. LLDPE that has been exposed to UV degradation and stress (e.g. high-quality liner reclaimed 

from pits) would have a significantly shorter total lifespan. This is documented in publications 

and obvious by observation in the field.
7. The best geomembrane cover for the on-site burial of drilling solids would create the longest 

time period of liner degradation. This liner will result in minimal moisture intrusion per year (i.e. 

the smallest mass flux per year of soluble constituents). Such a cover could be

a. New, welded LLDPE comprising 50% of the cover, which would begin to lose integrity 

before year 200 after closure

b. Reclaimed pit liner comprising 50% of the cover, which would begin to lose integrity 

significantly earlier, probably before year 100 after closure.

This design could add almost an additional century (in this example) to the time span that liner 

degradation occurs within.
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Geoff-Mike-Jim

I suggest you read the attachment "when you have the time".

This is an informal submission that explains how the closure process can work. We promised to submit this memo at our 

meeting in the field a few weeks back.

The operators and RT Hicks are prepared to lay a new, welded seam liner over the entire pit footprint, if that is what 

OCD believes is what is best for the environment. There is no material cost differential between what we believe is best 

for the environment and covering the entire footprint. Of equal economic importance to me, I am done fighting this 

battle with no compensation.

I believe that the pits that do not have a geomembrane cap and soil cover are "closed" but not reclaimed - so perhaps 

the operator is in full compliance with the Rule even though 9 months between rig release and the soil cap may exist for 

a few pits in a few weeks. So we may have some time to allow a good physicist to examine the Newtonian Mechanics 

(gravity, capillary forces, entropy and liner degradation) of this submission and work with you all to implement a policy 

that is good for the environment and consistent with the Rule.

Have fun with this and call me with questions.

Randall T. Hicks 

505-266-5004 (office)

505-238-9515 (cell and best number to use)
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