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Whole Earth Environmental, Inc. 
2103 Arbor Cove 
Katy, Tx. 77494 
281.394.2050 
whearth@msn.com 

November 2, 2005 
NMOCD 
1220 South Saint Francis Dr. 
Sante Fe, NM 87505 

Attn: Wayne Price 

Dear Wayne: 
Enclosed, please find a copy of the closure report for the Devon Dickinson Project. Additional copies of 
the report are being forwarded to your Hobbs office and to the landowner, Darr Angell. 

Thank you again for all of your guidance and quick responses throughout the project. It was sincerely 
appreciated. 

Warmest personal regards, 

Mike Griffin 
President 
Whole Earth Environmental, Inc. 
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Executive Summary 

Location 
The site is located approximately nine miles northwest of the City of Lovington, Lea 
County, New Mexico on fee lands. The primary land use is grazing of cattle however 
extensive oil and gas operations are prevalent in the area. The area is semi-arid with a net 
precipitation / evaporation amount of -73" per year. The legal description of the site is 
the NW 1/4 of the SW lA Section 1, Township 15 South, Range 37East. at an approximate 
elevation of 3,800 feet above mean sea level. (See exhibits 1-2) 

Setting 
A thin veneer of windblown sand covers the site and overlies the Ogallala formation. The 
Ogallala formation consists of poorly to well-cemented sand and sandstone, interbedded 
with clay, silt and gravel. The Ogallala overlies the Triassic age Chinle formation 
consisting chiefly of mudstone, shale and sandstone. [Groundwater is found at a depth of 
approximately 60' below ground surface. 

Site History 
We've little history of the location however from the surface features and aerial 
photography, it appears that the site was used as a bulk storage and processing point for 
crude oil and natural gas. A production pit appears to have been in use as a repository for 
tank bottoms and the storage of contaminated soils. (See exhibits 3-4) 

Previous Investigations 
The site was characterized by the presence of two plumes of hydrocarbon contamination 
and one of chlorides. The first appears to be centered within the production pit having 
TPH concentrations of 1,798 ppm extending to a depth of 60' below ground surface (soil 
boring # 6). This contaminant plumes appear to consist mainly of aliphatic fractions with 
a minor BTEX component. The BTEX appeared to drop to acceptable levels at a depth of 
55' bgs. 

One significant chloride reading (874 ppm) was discovered at the southeast corner of the 
pit at a depth of 40' below ground surface. There is no data regarding the chloride 
concentrations within the vertical soil profile of the monitor well situated approximately 
10' down-gradient of the anomaly however the chloride concentrations within this 
monitor well (MW-1) are 363 ppm. 



The second area of concern centered around soil boring # 4 in which TPH concentrations 
of 4,420 ppm are found at a depth of 10' below ground surface and extend to a minimum 
depth of 55' bgs at a concentration of 242 ppm. Again, the plume appeared to be aliphatic 
in makeup as the BTEX component cleans up at a depth of approximately 15' bgs. 

The final area of concern was the comparatively high chloride concentrations contained 
within monitor well no. 2. Though no BTEX component was discovered, the 
groundwater chloride concentrations within this well are 1,360 ppm. 

The soil morphology is initially sandy to a depth of approximately 5-7' followed by a 12-
15' band of soft caliche underlain by yet another 20' sand lens atop a denser caliche 
layer. The bulk of the hydrocarbon plume was situated between the caliche bands. 

A series of seven monitor wells were advanced prior to remediation activities at the 
location and the analytical results were used to prepare a preliminary contaminant 
migration model. (See exhibits 5-7) 

Two additional monitor wells were advanced to the south and east of the facility to fully 
define the lateral extent of contamination. Both wells were found to have non-detectable 
concentrations of BTEX and nominal chlorides. 

Preliminary Modeling 
Based on the previous site borings, a comprehensive contaminant migration model was 
prepared by Dr. Jan M.H. Hendrickx of New Mexico State University. The model data 
indicated that the contaminant migration from the main plume may be effectively 
retarded by excavating the extensive surface contamination and placing a one foot layer 
of compacted clay atop the remaining minor concentrations. Our protocol doubled the 
thickness of the clay cap to twenty-four inches. 

Remediation Activities 

Surface Preparation 
Prior to major excavation activities, the fence line was extended approximately 100' 
north and 250' west of the original location. All surface and buried flowlines, metal 
structures and steel barrels were tested for the presence and concentration of naturally 
occurring radioactivity materials (NORM), and removed for commercial disposal. (See 
exhibits 8-9) 

Well Plugging 
Monitor well no. 2 was situated within the battery area had to be plugged and removed 
prior to excavation activities. The metal surface box and all accessible plastic casing were 
removed. The bore hole was then grouted from bottom to surface with cement. (See 
exhibits 10-11) 



Excavation - Battery Area 
The plume source centered at the battery area was excavated to an average depth of 5' 
below ground level with the salt contaminated soils stockpiled for subsequent dilution 
and re-burial. Approximately 3,500 cubic yards of materials were excavated within the 
battery area. (See exhibit 12) 

Excavation - Pit Area 
The excavation of the pit area proved to be especially difficult due to the presence of 
dozens of large, extremely hard boulders found generally at a depth of 10-15' bgs. (See 
exhibit 13). An examination of these indurated sandstone formations indicated that 
despite being in an environment saturated with hydrocarbons and brine for extended 
periods, the fluid penetration extended only fractions of an inch. (See exhibit 14). 

The site was excavated to a total depth of 25' below ground surface at which point we 
encountered another solid layer of dense sandstone making further excavation impossible 
without extraordinary efforts such as blasting. The layer is at least five feet thick and 
extends well outside the project area evidenced by our inability to even drill through it 
using a conventional auger rig. Each side-wall and the bottom of the excavation was 
composited and forwarded to Environmental Lab of Texas for confirmation testing. (See 
the Laboratory Analytical section of this report.). A total of approximately 26,000 cubic 
yards were excavated within the pit area. Final excavation is illustrated by exhibit 15. 

Clay Liner 
A two foot layer of clay was placed within the excavation and compacted to achieve a 
coefficient of permeability of 1.7 X 10-7. (See exhibits 16-18). 

Dilution and Backfill I 
All hydrocarbon and brine contaminated soils were mixed and blended with additional 
materials located immediately west of the main excavations. Each lift batch (generally 
measuring approximately 1-2,000 cubic yards), was field tested for the presence and 
concentrations of hydrocarbons and brine prior to being replaced within the excavations. 
(See exhibit 19) Each 3' lift was composited and forwarded to Environmental Lab of 
Texas for confirmation testing. (See the Laboratory Analytical section of this report.). 

Each backfill lift was watered and compacted to achieve high density and eliminate the 
"fluffing" phenomenon normally associated with excavated calichi. The locations and 
dimensions of each excavated area are described within exhibit 20. 

Re-vegetation 
The surface of the work zone was contoured to match background elevations and provide 
positive drainage, hydro-mulched with a combination of 13-13-13 fertilizer, winter oats 
and rye to provide organic cover over the first winter and a mixture of 70% Loving Blue 
Gramma and 30% Sideoats Gramma per the landowner's request. 
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Exhibits Index 

1. Satellite Photo of Location (Zoom Out) 
2. Satellite Photo of Location (Zoom In) 
3. USGS 7.5' Map (Zoom Out) 
4. USGS 7.5'Map (Zoom In) 
5. Plat Map of Excavated Areas 
6. Overall View of Location Prior to Remediation 
7. Pipe Removal Detail 
8. Well Plugging Detail 
9. Boring Log of Plugged Well 
10. Initial Excavation of Battery Area 
11. Detail of Typical Boulder Situated Within Excavation 
12. Detail of Fluid Penetration Within Indurated Sandstone 
13. Detail of Main Pit Area at Point of Maximum Excavation 
14. Detail of Clay Compaction 
15. Detail of Backfilling Operations 
16. Gradient Chart 
17. Monitor Well Geocoordinates 
18. Clay Proctor 
19. Clay Compaction Test Certificate 
20. Excavation Depth Chart 













Devon Energy Corporation 
B.C. Dickinson Remediation Project 

Hydrostatic Gradient 



Whole Earth Environmental,Inc. 
Devon/Darr Angell Site 

Well* State Plane 
Northing 

State Plane 
Easting 

Land Surface 
Northing 

Land Surface 
Easting 

M.S.L. 
Elevation 

MW-1 745232.03 901340.68 745232.06 901340.69 3792.79 

MW-4 745432.03 901147.63 745432.08 901147.61 3793.41 

MW-5 745124.35 901004.03 745124.37 901004.00 3792.86 

MW-6 744996.87 901245.15 744996.87 901245.15 3792.52 

MW-7 745120.57 901399.10 745120.58 901399.12 3792.80 

MW-South 744985.34 901468.30 744985.34 901468.33 3792.48 

MW-North 745198.28 901468.49 745198.30 901468.52 3793.45 

TBM 745000.81 901244.20 745000.81 901244.20 3792.42 

Notes: 

1 .Horizontal coordinates are State Plane NAVD 83 datum referenced to USCGS Triangulation 
Station named "CREAK". 

2. Elevations are NAVD 88 datum referenced to USCGS Bench Mark named "G-35". 

3. Elevations on monitor wells are taken on top of 2'x2' cement pad as requested by Mike Griffin 
in field 4-12-05. 

4. TBM is Vi" reinforcing bar with aluminum cap marked "ANGELL" located on the north side of 
the cement 2'x2' pad of monitor well 6. 
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Whole Earth Environmental 
2103 Arbor Cove 
Ksty, TX 77494 

Contact: Mike Griffin 
Job//: WHELETH.LOV.05 

Log of Boring Monitor Well 2 East 

Dale : 03-28-05 
Etorino, Location : Southeast cornet of site-
Site Location : Dickerson Lease, Lovinciton. NM 

depth 

Feci 

10-

1 5 -

2 0 -

30-

35-

40-

50-

55-

60-

65-

70-

75-

D E S C R I P T I O N 

MW-2 East 

Plug and abandon Monitor Well #2 East located on 
Devon/Darr Angell Ranch at the Dickerson Lease, 
Lovington, NM. 

Water Level 62.0' ground level 
Total Depth 72.48' ground level 

Was not able to pull the casing from well. Grouted well 
through the casing. 47 gallons of grout used at ±10 lbs. 
per gallon. 

Tv1—Cement Grout 















ngioeenng, inc. 
1136 W. Hobbs Koswdi, NM 88203 700 E. First 0725C, Alamogordo, N M 883 10 

505-625-0005 Fax: 625-0555 505-439-1285 Fax: 439-1283 

SOIL REPORT 
ASTM D75, D698/1S57, C127, C136, C117, D854, D221S, 02487, D4318, D4718 

Project Mariev Ranch, clay. JOb# 322 Lab» A19 Sample & \ 

Client name & address Gandv MaHev, Inc., P.O. Sox 827. Tatum. NM 88267 Phone: 505-398-4960 Fax: 396-6887 
Material 

source Mariey Ranch, day Contractor NA 

Date 
$ampied 2/15/05 By JXLcJicnj} 

U.S. 
Standard Cumulative Cumulative 

Sieve No. % Retained % Passing Specs 
3" 0% 100% 

I 1/2" 0% 100% 
V 0% 100% 

3/4" 0% 100% 

3/8" 0% 100% 

#4 0% 100% 

#10 9% 91% 

#40 19% 81% 
#200 44.7% 55.3% 

Material Classification (field) Sandy Clay 
0% Gravel 

45% Sand 
55% Fines 

LL=30 PI=15 

Coefficient of Permeability=i.7XlO-7 
(@ 89.5% compaction of D698A) 
£ce attached; 

Submitted 

K. Byrd-HumpHreyS 

Tested 2/16-18/05 By 

% Moisture 
Test 

Method 
ASTM 

Manual 
Max. Dry 
Density 

Optimum 
Moisture 

D698 
Method A 

118.4 pcf 
uneducated 

133% 
uncorrected 

Nat'l moist 11% G s = 2.859 



03̂ 01/2003 13:15 FAX 505S237248 PRECISION ENG 

Precision Engineering. Inc. 
P.O. Box 422 

Las CrucdS, NM 88004 
505-S23-7674 

Flexible Wall Hydraulic Conductivity 
Falling Mead 

ATTN: M$. Katy Byrd-Humplhreys, PE 
Quality Control Engineering, Inc. 
1136 W. Hobbs S t 
Roswell, MM 88203 

Project: QCS Contract Testing Fi«e No.: 05-022 
Soil Typo: Clay Pale March I, 2005 Lab No.: 46894 

Sampled From. Martey Ranch; Jobff 322, Labtf A19. Sample# 1 

TEST SPECIMEN CONPIT8QMS A T BEGINING OF TEST: 

Performed By: GVMG 

Wet Unit Weight: 122.1 pcf 
Dry Unit Weight: 106 3 pcf 

7a Moisture 
% Compaction 

% Compaction Requested 

14.9 
89.5 
90.0 

PROCTOR INFORMATION: 

Proctor Method. ASTM 0-698-A 
Maximum Dry Density: 118.8 pcf 

Optimum Moisture Content: 13.1 % 

Coefficient of Permeability, k^: 17 X 10'7 cm/sec. 

Remarks Sample compacted at 2.0% above optimum moisture contanl. 

Reviewed By: Reviewed By: 

C \Qocum>?nl'» and 3*timgs»0wnafWV OocumoiM<i\APEIFiliWVForm MatiB<tlfc<a.l Tail Heports. M»e.let\|<lBa34 PtfWisaEikiy.ttiilRcpot 

9990929909 330 B*QtIT 90 92 JSM 



-1.470588 
-3.431373 

• -5.392157 
7.352041 
-9.803922 
-12.254902 
-14.705882 
-16.666667 
-18.627451 
-20.588235 
-22.54902 
-24 509804 

Devon Energy Company 
Dickinson Remediation Project 

Excavation Depths 

i. 
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Protocol 

This section contains a copy of PR-57D, the final remediation protocol employed on this 
project. 
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PR-57D 

Remediation Protocol 
Devon Energy Corporation 

B.C. Dickinson Battery 

1.0 Purpose 
This protocol is to provide a detailed outline of the steps to be employed in the 
remediation and closure of the B.C. Dickenson Battery located east of Lovington, 
New Mexico. 

2.0 Scope 
This protocol is site specific for the Devon Energy B.C. Dickenson remediation 
project. 

3.0 Preliminary 
Prior to any field operations, Whole Earth Environmental shall conduct the 
following activities: 

3.1 Client Review 
3.1.1 Whole Earth shall meet with cognizant personnel within Devon, the 

NMOCD and the landowner to review and approve this protocol. 

3.1.2 Changes to this protocol will be documented and submitted for final 
review by all parties prior to the initiation of actual field work. 

4.0 Safety 
4.1 Prior to work on the site, Whole Earth shall obtain the location and phone 
numbers of the nearest emergency medical treatment facility. We will review all 
safety related issues with the appropriate Client personnel, sub-contractors and 
exchange phone numbers. 

4.2 A tailgate safety meeting shall be held and documented each day. All sub­
contractors must attend and sign the daily log-in sheet. 

4.3 Anyone allowed on to location must be wearing sleeved shirts, steel toed boots, 
and long pants. Each vehicle must be equipped with two way communication 
capabilities. 
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4.4 Prior to any excavation, New Mexico One Call will be notified. If lines are 
discovered within the area to be excavated they shall be marked with pin flags 
on either side of the line at maximum five-foot intervals. 

4.5 Prior to any field operations, Whole Earth will prepare and submit to Devon 
Energy a detailed site Health and Safety Plan. 

5.0 Preliminary Activities 
5.1 All barrels, trash and piping will be scanned for the presence and 
concentration of naturally occurring radioactive materials (NORM). Any 
component containing radiation reading exceeding 10 urems above background 
will be segregated for further inspection by a third party certified to work in New 
Mexico on radioactive materials. 

5.2 All clean trash will be collected and sent to a commercial disposal facility. A 
manifest will be generated and signed by the disposal company. All such 
manifests shall be collected and included within the final closure report. 

5.3 All cement shall be collected and deep buried on-site. The top of the cement 
shall be a minimum distance of 5' below ground level. 

5.4 Monitor well no. 2 will be grouted to surface prior to excavation and 
replaced i f required at the conclusion of the project. 

6.0 Remediation 
6.1 All berms and assorted piles of contaminated soils will be spread to a 
maximum depth of 6 inches on the surface of the site. The contaminated soils 
shall be set aside of the excavation but within the fence perimeter. 

6.2 The side walls and bottom of each excavated area shall be field screened for 
the presence and concentration of TPH by means of EPA method 418.1 
(modified). Excavation of each site shall continue until the TPH concentrations 
are <1,000 ppm. Prior to backfill, laboratory confirmation samples shall be taken 
from each side-wall and bottom. The Hobbs office of the NMOCD will be given 
a minimum of forty-eight hours notification of the intended sampling event. 
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6.3 Upon approval by the NMOCD, Whole Earth will install a clay liner in 
the bottom of the excavation having a minimum thickness of 18". All clay layers 
will be watered and compacted to 100% density. 

6.4 The material originally excavated from the pit shall be replaced within the 
excavations. Care shall be taken to ensure that the soils coming into direct 
contact with the clay liner should be finely textured and free of large rocks or 
sharp edged stones. The soils being replaced within the excavation shall be 
watered and compacted as required to minimize pore spaces within the cell. 
Large boulders will be set aside for later disposal or other potentially beneficial 
use at the conclusion of the project. 

6.5 Remediated soils having a maximum chloride concentration of <250 ppm 
and a maximum TPH concentration of < 100 ppm will be placed atop the clay 
liner. A composite sample of this final backfill material will be submitted to an 
independent laboratory for analysis of chlorides, TPH and BTEX. 

6.6 The land surface shall be re-contoured to match the surrounding topography, 
seeded with a selection of grasses selected by the landowner. 

7.0 Monitoring 
The monitor wells will be tested on an annual basis for the presence and 
concentration of BTEX, and chlorides for a minimum period of five years. If 
the well shows criteria contaminant concentrations within NMWQCC standards 
for a minimum of the last three of five years, Devon will request final site 
closure to include plugging the remaining well. 

8.0 Closure Report 
8.1 At the conclusion of the project, Whole Earth shall prepare a closure report 
that contains the following minimum information: 

• Photographs of the location prior to remediation 
• Photographs of the site at the point of maximum excavation 
• Detail photographs of the liner installation 
• Photographs of the location at time of final closure 
» Lab analysis and related chain of custody for THP, BTEX and chloride 

testing of each side-wall and excavation bottom 
• Lab analysis and related chain of custody for chloride testing of each 3 'lift 

composite 
• Procter analysis of the clay 
• Clay compaction test report 
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• Copies of this protocol and all testing procedures 
• Shipping manifests for all materials taken to disposal 
• Laboratory analysis of water samples obtained from each monitoring well 
• Boring logs of any new monitor wells installed at the location 
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Procedures 

This section contains copies of the individual field testing and sample collection 
procedures employed on this project. 
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QP-76 (Rev. A) 

WHOLE EARTH ENVIRONMENTAL 
QUALITY PROCEDURE 

Procedure for Obtaining Water Samples (Cased Wells) 
Using One Liter Bailer 

Completed By: Approved By: Effective Date: / / 

1.0 Purpose 
This procedure outlines the methods to be employed in obtaining water 
samples from cased monitoring wells. 

2.0 Scope 
This procedure shall be used for developed, cased water monitoring wells. It 
is not to be used for standing water samples such as ponds or streams. 

3.0 Preliminary 
3.1 Obtain sterile sampling containers from the testing laboratory designated 

to conduct analyses of the water. The shipment should include a 
Certificate of Compliance from the manufacturer of the collection bottle or 
vial and a Serial Number for the lot of containers. Retain this Certificate 
for future documentation purposes. 

3.2 The following table shall be used to select the appropriate sampling 
container, preservative method and holding times for the various elements 
and compounds to be analyzed. 

Compound 
to be 

Analyzed 

Sample 
Container 

Size 

Sample 
Container 

Description 

Cap 
Requirements 

Preservative Maximum 
Hold Time 

BTEX 40 ml. VOA Container Teflon Lined HCI 7 days 
TPH 1 liter clear glass Teflon Lined HCI 28 days 
PAH 1 liter clear glass Teflon Lined Ice 7 days 
Cation / Anion 1 liter clear glass Teflon Lined None 48 Hrs. 
Metals 1 liter HD polyethylene Any Plastic Ice / HN0 3 28 Days 
TDS 300 ml. clear glass Any Plastic Ice 7 Days 
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4.0 Chain of Custody 
4.1 Prepare a Sample Plan. The plan will list the well identification and the 

individual tests to be performed at that location. The sampler will check 
the list against the available inventory of appropriate sample collection 
bottles to insure against shortage. 

4.2 Transfer the data to the Laboratory Chain of Custody Form. Complete all 
sections of the form except those that relate to the time of delivery of the 
samples to the laboratory. 

4.3 Pre-label the sample collection jars. Include all requested information 
except time of collection. (Use a fine point Sharpie to insure that the ink 
remains on the label). Affix the labels to the jars. 

5.0 Bailing Procedure 
5.1 Identify the well from the site schematics. Place pre-labeled jar(s) next to 

the well. Remove the bolts from the well cover and place the cover with 
the bolts nearby. Remove the plastic cap from the well bore by first lifting 
the metal lever and then unscrewing the entire assembly. 

5.2 The well may be equipped with an individual 1 liter bailing tube. I f so, 
use the tube to bail a volume of water from the well bore equal to 10 liters 
for each 5' of well bore in the water table. (This assumes a 2" dia. well 
bore). 

5.3 Take care to insure that the bailing device and string do not become cross-
contaminated. A clean pair of rubber gloves should be used when 
handling either the retrieval string or bailer. The retrieval string should not 

be allowed to come into contact with the ground. 

6.0 Sampling Procedure 
6.1 Once the well has been bailed in accordance with 5.2 of this procedure, a 

sample may be decanted into the appropriate sample collection jar directly 
from the bailer. The collection jar should be filled to the brim. Once the 
jar is sealed, turn the jar over to detect any bubbles that may be present. 
Add additional water to remove all bubbles from the sample container. 

6.2 Note the time of collection on the sample collection jar with a fine 
Sharpie. 
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6.3 Place the sample directly on ice for transport to the laboratory. The 
preceding table shows the maximum hold times between collection and 

testing for the various analyses. 
6.4 Complete the Chain of Custody form to include the collection times for 

each sample. Deliver all samples to the laboratory. 

7.0 Documentation 
7.1 The testing laboratory shall provide the following minimum information: 

A. Client, Project and sample name. 
B. Signed copy of the original Chain of Custody Form including data on 

the time the sample was received by the lab. 
C. Results of the requested analyses 
D. Test Methods employed 
E. Quality Control methods and results 
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WHOLE EARTH ENVIRONMENTAL 
QUALITY PROCEDURE 

Procedure for Obtaining 
Soil Samples for Transportation to a Laboratory 

Completed By: Approved By: Effective Date: / / 

1.0 Purpose 
This procedure outlines the methods to be employed when obtaining soil 
samples to be taken to a laboratory for analysis. 

2.0 Scope 
This procedure is to be used when collecting soil samples intended for 
ultimate transfer to a testing laboratory. 

3.0 Preliminary 
3.1 Obtain sterile sampling containers from the testing laboratory designated 

to conduct analyses of the soil. The shipment should include a Certificate 
of Compliance from the manufacturer of the collection bottle or vial and a 
Serial Number for the lot of containers. Retain this Certificate for future 
documentation purposes. 

3.2 If collecting TPH, BTEX, RCRA 8 metals, cation / anions or O&G, the 
sample jar may be a clear 4 oz. container with Teflon lid. If collecting 
PAH's, use an amber 4 oz. container with Teflon lid. 

4.0 Chain of Custody 
4.1 Prepare a Sample Plan. The plan will list the number, location and 

designation of each planned sample and the individual tests to be 
performed on the sample. The sampler will check the list against the 
available inventory of appropriate sample collection bottles to insure 
against shortage. 

4.2 Transfer the data to the Laboratory Chain of Custody Form. Complete all 
sections of the form except those that relate to the time of delivery of the 
samples to the laboratory. 
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4.3 Pre-label the sample collection jars. Include all requested information 
except time of collection. (Use a fine point Sharpie to insure that the ink 
remains on the label). Affix the labels to the jars. 

5.0 Sampling Procedure 
5.1 Go to the sampling point with the sample container. I f not analyzing for 

ions or metals, use a trowel to obtain the soil. Do not touch the soil with 
your bare hands. Use new latex gloves with each sample to help minimize 
any cross-contamination. Try to avoid collecting rocks or vegetation. 

5.2 Pack the soil tightly into the container leaving the top slightly domed. 
Screw the lid down tightly. Enter the time of collection onto the sample 
collection jar label. 

5.3 Place the sample directly on ice for transport to the laboratory. 

5.4 Complete the Chain of Custody form to include the collection times for 
each sample. Deliver all samples to the laboratory. 

6.0 Documentation 
6.1 The testing laboratory shall provide the following minimum information: 

A. Client, Project and sample name. 
B. Signed copy of the original Chain of Custody Form including data on 

the time the sample was received by the lab. 
C. Results of the requested analyses 
D. Test Methods employed 
E. Quality Control methods and results 
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QP-96 

WHOLE EARTH ENVIRONMENTAL 
QUALITY PROCEDURE 

Sampling and Testing Protocol 
Chloride Titration Using .1 Normal 

Silver Nitrate Solution 

Completed By: Approved By: Effective Date: / / 

1.0 Purpose 
This procedure is to be used to determine the concentrations of chlorides in 
soils. 

2.0 Scope 
This procedure is to be used as the standard field measurement for soil 
chloride concentrations. 

3.0 Sample Collection and Preparation 
3.1 Collect at least 80 g. of soil from the sample collection point. Take 

care to insure that the sample is representative of the general background 
to include visible concentrations of hydrocarbons and soil types. If 
necessary, prepare a composite sample of soils obtained at several points 
in the sample area. Take care to insure that no loose vegetation, rocks or 
liquids are included in the sample(s). 

3.2 The soil sample(s) shall be immediately inserted into a one quart or 
larger polyethylene freezer bag. Care should be taken to insure that no 
cross-contamination occur between the soil sample and the collection tools 
or sample processing equipment. 

3.3 The sealed sample bag should be massaged to break up any clods. 
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4.0 Sample Preparation 
4.1 Tare a plastic cup having a minimum six-ounce capacity. Add between 

80-120 grams of the soil sample and record the weight. 

4.2 Add the same weight of distilled water to the soil sample and stir 
thoroughly using a glass or plastic stir stick. 

4.3 Allow the sample to set for a period of thirty minutes. The sample 
should be stirred at least three times before fluid extraction. 

4.4 Carefully pour off the free liquid from the sample through a paper 
filter into a clean plastic cup. 

5.0 Titration Procedure 
5.1 Using a graduated pipette, remove 10 ml extract and dispense into a 

clean plastic cup. 

5.2 Add 2-3 drops potassium chromate (K2C1O4) to mixture. 

5.3 I f the sample contains any sulfides (hydrogen or iron sulfides are 
common to oilfield soil samples) add 2-3 drops of hydrogen peroxide 
(H2O2) to mixture. Allow the mixture to set for a minimum of five 
minutes. 

5.4 Using a 1 ml pipette, carefully add .1 normal silver nitrate solution to 
sample until solution turns salmon red when viewed with yellow 
goggles. Be consistent with endpoint recognition. 

6.0 Calculation 
Multiply the amount of silver nitrate used in step 5.4 by 354.5 to obtain the 
chloride concentration in mg/L. 
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WHOLE EARTH ENVIRONMENTAL 
QUALITY PROCEDURE 

Procedure for Conducting Field TPH Analysis 

Completed By: Approved By: Effective Date: 02/15/97 

1.0 Purpose 
To define the procedure to be used in conducting total percentage 
hydrocarbon testing in accordance with EPA Method 418.1 (modified) using 
the "MEGA" TPH Analyzer. 

2.0 Scope 
This procedure is to be used for field testing and on site remediation 
information. 

3.0 Procedure 
3.1 The G.A.C. "MEGA" TPH analyzer is an instrument that measures 

concentrations of aliphatic hydrocarbons by means of infra-red 
spectrometry. It is manufactured to our specifications and can accurately 
measure concentrations from two parts per million through 100,000 parts 
per million. The unit is factory calibrated however minor calibration 
adjustments may be made in the field. Quality Procedure 25 defines the 
field calibration methods to be employed. 

3.2 Prior to taking the machine into the field, insert a 500 ppm and 5,000 ppm 
calibration standard into the sample port of the machine. Zero out the 
Range dial until the instrument records the exact standard reading. 

3.3 Once in the field, insert a large and small cuvette filled with clean Freon 
113 into the sample port of the machine. Use the range dial to zero in the 
reading. If the machine does not zero, do not attempt to adjust the span 
dial. Immediately implement Quality Procedure 25 . 
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3.4 Place a 100 g. weight standard on the field scale to insure accuracy. Zero 
out the scale as necessary. 

3.5 Tare a clean 100 ml. sample vial with the Teflon cap removed. Add 10 g. 
(+/- .01 g), of sample soil into the vial taking care to remove rocks or 
vegetable matter from the sample to be tested. I f the sample is wet, add up 
to 5 g. silica gel or anhydrous sodium sulfate to the sample after weighing. 

3.6 Dispense 10 ml. Freon 113 into the sample vial. 

3.7 Cap the vial and shake for five minutes. 

3.8 Carefully decant the liquid contents of the vial into a filter/desiccant 
cartridge and affix the cartridge cap. Recap the sample vial and set aside. 

3.9 Insert the metal tip of the pressure syringe into the cap opening and slowly 
pressurize. WARNING: APPLY ONLY ENOUGH PRESSURE ON 
THE SYRINGE TO EFFECT FLOW THROUGH THE FILTERS. 
TOO MUCH PRESSURE MAY CAUSE THE CAP TO SEPARATE 
FROM THE BODY OF THE CARTRIDGE. Once flow is established 
through the cartridge direct the flow into the 5 cm. cuvette until the 
cuvette is full. Reverse the pressure on the syringe and remove the syringe 
tip from the cartridge cap. Set the cartridge aside in vertical position. 

3.10 The cuvette has two clear and two frosted sides. Hold the cuvette by the 
frosted sides and carefully insert into the sample port of the machine. 
Read the right hand digital read-out of the instrument. I f the reading is 
less than 1,000 ppm. the results shall be recorded in the field Soil 
Analysis Report. If the result is higher than 1,000 ppm, continue with the 
dilution procedure. 

4.0 Dilution Procedure 
4.1 When initial readings are greater than 1,000 ppm using the 5 cm. cuvette, 

pour the contents of the 5 cm. cuvette into a 1 cm. cuvette. Insert the 1. cm 
cuvette into the metal holder and insert into the test port of the instrument. 
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4.1 Read the left hand digital read-out of the machine. If the results are less 
than 10,000 ppm, record the results into the field Soil Analysis Report. If 
greater than 10,000 ppm, continue the dilution process. Concentrations 
>10,000 ppm are to be used for field screen purposes only. 

4.2 Pour the contents of the small cuvette into a graduated glass pipette. Add 
10 ml. pure Freon 113 into the pipette. Shake the contents and pour into 
the 1cm. cuvette. Repeat step 4.2. adding two zeros to the end of the 
displayed number. If the reported result is greater than 100,000 ppm. the 
accuracy of further readings through additional dilutions is extremely 
questionable. Do not use for reporting purposes. 

4.4 Pour all sample Freon into the recycling container. 

5.0 Split Samples 

5.1 Each tenth test sample shall be a split sample. Decant approximately one 
half of the extraction solvent through a filter cartridge and insert into the 
instrument to obtain a concentration reading. Clean and rinse the cuvette 
and decant the remainder of the fluid to obtain a second concentration 
reading from the same sample. If the second reading varies by more than 
1% from the original, it will be necessary to completely recalibrate the 
instrument. 



O Q D D 

QP-28 

WHOLE EARTH ENVIRONMENTAL 
QUALITY PROCEDURE 

Procedure for Developing Cased Water Monitoring Wells 

Completed By: Approved By: Effective Date: / / 

1.0 Purpose 
This procedure outlines the methods to be employed to develop cased 
monitoring wells. 

2.0 Scope 
This procedure shall be used for developed, cased water monitoring wells. It 
is not to be used for standing water samples such as ponds or streams. 

3.0 Preliminary 
3.1 Prior to development, the static water level and height of the water column 
within the well casing will be measured with the use of an electric D.C. probe 
or a steel engineer's tape and water sensitive paste. 

3.2 All measurements will be recorded within a field log notebook and 
subsequently reported within the driller's boring log report. 

3.3 All equipment used to measure the static water level will be 
decontaminated after each use by means of Alconox, a phosphate free 
laboratory detergent, and water to reduce the possibility of cross-
contamination. The volume of water in each well casing will be calculated. 

4.0 Purging 
4.1 Wells will be purged by removing a minimum of three well casing 
volumes by using a 2" decontaminated submersible pump or dedicated one 
liter Teflon bailer. 

4.2 I f a submersible is used the pump will be decontaminated prior to use by 
scrubbing the outside surface of tubing and wiring with an Alconox-water 
mixture, pumping an Alconox-water mixture through the pump, and a final 
flush with fresh water. 
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5.0 Water Disposal 
5.1 All purge and decontamination water will be temporarily stored within a 
60 gallon portable tank and then pumped into a permanent storage tank to be 
later disposed of in an appropriate manner. 

6.0 Records 
6.1 Whole Earth will record the amount of water removed from the well 
during development procedures. The purge volume will be reported to the 
appropriate regulatory authority when filing the closure report. 
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Hydrus 2-D Contaminant Migration Modeling 

This section contains a copy the contaminant migration model for the B.C. Dickinson site 
prepared by Dr. Jan Hendrickx of New Mexico State University. 
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EXECUTIVE SUMMARY 

Whole Earth Environmental, Inc. (WEE) has developed a remediation strategy for the Devon 

Energy B.C. Dickenson A - l former tank battery site in Lea County, New Mexico. The selected 

strategy is technically feasible for a reasonable expenditure. The purpose of this study is to 

conduct computer simulations for evaluation of the selected optimal remediation strategy. 

The remediation plan is to excavate the contaminated site to a depth of approximately 25 feet. 

The impaired geological layers below 25 feet will be left in place since removal will be cost 

prohibitive. The impaired excavated soil will be mixed with uncontaminated soil to prepare fi l l 

material with a soil chloride concentration of 250 ppm. A 2 feet thick clay cap will be placed on 

the bottom of the pit to prevent recharge water to enter the impaired soil volume below. The pit 

will be filled with half the volume of fil l material, the other half will be buried around the site to 

a maximum depth of 10 feet. 

In this report we will answer four important questions that determine the effectiveness of the 

remediation plan. The questions are: (1) It there evidence of lateral brine movement at the site? 

(2) Will water seep around the clay cap and enter the impaired soil volume underneath? (3) How 

much chloride may seep out of the impaired volume underneath the clay cap after its 

installation? (4) Will "wicking" or a sudden rise of ground water level into the impaired sand 

layer impact future ground water quality at the site? 

On the basis of field observations, soil bore logs, and literature reports we conclude that no 

lateral brine movement has occurred at the site. Therefore, only the soil volume below the 

excavated pit remains impaired with higher (unknown) chloride concentrations. The impaired 

soil volume will be isolated from the environment by installation of a clay cap. 

On the basis of our field observations, soil physics theory and experiments, and our HYDRUS2D 

modeling results we conclude that no or very little water will seep around the clay cap and enter 

the impaired soil volume. 
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We conclude that the clay cap effectively eliminates the driving force for chloride seepage from 

the impaired soil volume. As a result the chloride concentrations in the monitoring well are 

expected to decrease below 250 ppm within a few years. 

After simulations with HYDRUS2D we conclude that a sudden rise of ground water level will 

affect the concentrations in the monitoring well but these effects will be mitigated within only a 

few years. 

The evaluation of the four critical questions clearly has shown that installation of the clay cap is 

a cost-effective restoration technique at Dickenson tank battery. The clay cap will all but 

eliminate seepage of chloride from the impaired soil volume into the ground water. The chloride 

concentrations in the monitoring well are expected to decrease within a few years to less than 

250 ppm. 
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SIMULATION OF OPTIMAL REMEDIATION STRATEGY 

AT THE B.C. DICKINSON A-l FORMER TANK BATTERY SITE 

Purpose 

Whole Earth Environmental, Inc. (WEE) has developed a remediation strategy for the Devon 

Energy B.C. Dickenson A - l former tank battery site in Lea County, New Mexico, taking into 

account -among other information- a previous simulation study at the site1. The selected 

strategy is technically feasible for a reasonable expenditure. The purpose of this study is to 

conduct computer simulations for evaluation of the selected optimal remediation strategy. 

The remediation plan is to excavate the contaminated site to a depth of approximately 25 feet. 

The impaired geological layers below 25 feet will be left in place since removal will be cost 

prohibitive. The impaired excavated soil will be mixed with uncontaminated soil to prepare fi l l 

material with a soil chloride concentration of 250 ppm, i.e. 250 mg chloride per 1 kg of moist 

soil. A 2 feet thick clay cap will be placed on the bottom of the pit in order to prevent recharge 

water to enter the impaired soil volume below. The pit will be filled with half the volume of fi l l 

material, the other half will be buried around the site to a maximum depth of 10 feet. 

In this report we will answer four important questions that determine the effectiveness of the 

remediation plan. The questions are: (1) It there evidence of lateral brine movement at the site? 

(2) Will water seep around the clay cap and enter the impaired soil volume underneath? (3) How 

much chloride may seep out of the impaired volume underneath the clay cap after its 

installation? (4) Will "wicking" or a sudden rise of ground water level into the impaired sand 

layer impact future ground water quality at the site? The study will be conducted on the basis of 

information provided by Whole Earth Environmental, Inc. as well as data gathered during a one-

day field visit. 
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Site Description 

The B.C. Dickenson Battery is located in Lea County, New Mexico, South of US 182 on fee 

land. WEE has provided us with (1) a map of the site and the locations of boreholes for soil 

sampling and the installation of monitoring wells, (2) laboratory analyses of soil and water 

samples, (3) logs of soil borings, and (4) a copy of a preliminary site investigation report and 

remediation work plan dated December 2002. Ground water table depth measurements in May 

2002 are all around 60 feet. The direction of flow is from the NW to the SE following the 

topography. The aquifer is unconfined and, thus, exposed to recharge and solutes leaving the 

vadose zone at the phreatic level. 

On March 30, 2005, the excavated pit was inspected and sampled. The pit is located at UTM 

coordinates 671980 East and 3657376 North (Zone 13 North, datum WGS84). The soil profile in 

the pit consists of 3 feet of a silty clay loam topsoil underlain by a caliche layer of 4 feet. The 

caliche layer is fractured and full of fine roots. Beneath the caliche layer a 17 feet thick sand 

layer rests on 6 feet of indurated sandstone. The sand layer consists of fine sand with some one 

to two inch diameter stones. The bottom of the pit was located on the indurated sandstone. The 

soil bore logs presented in a report by Environmental Technology Group, Inc.2 clearly indicate 

that the sand layers underneath the sandstone are very similar to the one above the sandstone. 

This finding is corroborated by several geological reports on the Ogallala Aquifer in Eastern 

New Mexico3'4. 

The pink-tan colored sandstone layer shows grey patches. Many of the grey patches in the 

sandstone contain hydrocarbons which is an indication that these patches are flow paths for 

hydrocarbons and brine through the sandstone. There are reports5'6 that organic acids -such as 

may be present in the leachate under the Dickenson site- can dissolve quartz and, thus, create 

flow paths through sandstone layers. Another report7 presents measurements of the saturated 

hydraulic conductivity of sandstone taken along trenches with a total length of approximately 3 
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km. Saturated hydraulic conductivity values of weathered and non-weathered sandstone are 

similar and range from 1 to 42 cm/day, with geometric means of 17 and 10 cm/day. 

The aquifer underneath the B.C. Dickenson site is part of the Ogallala aquifer. In 1967, the 

saturated thickness at the site is estimated as approximately 125 feet8. Taking into account some 

decline of the water-level in the aquifer near the site9 the current saturated thickness is taken as 

100 feet in this study. The ground water flux in the aquifer at the site is not known. However, 

ground water velocities are estimated from 2 to a little less than 5 inches per day10'11 in the 

Ogallala Formation. If we multiply these velocities by the average porosity of 35 percent9 

assumed for the Ogallala aquifer in Lea county, we arrive at ground water fluxes varying 

between 1.8 and 4.4 cm/day. Information from another source 1 2 yields a typical average ground 

water flux of 2.1 cm/day. In this study we will use the average value of 2.8 cm/day. 

Remediation Approach 

In this report we evaluate the optimal remediation strategy as designed by WEE. The 

contaminated site has been excavated to a depth of approximately 25 feet. The impaired 

geological layers below 25 feet have been left in place. The impaired excavated soil has been 

mixed with uncontaminated soil to prepare fill material with a soil chloride concentration not 

higher than the legal limit of 250 ppm, i.e. 250 mg of chloride per 1 kg of moist soil. A 2 feet 

thick clay cap has been placed on the bottom of the pit in order to prevent deep percolation water 

to enter the impaired formations below. The pit has been filled with approximately half the 

volume of fill material, the remaining fill material has been buried around the site to a maximum 

depth of 10 feet. Figure 1 shows all soil materials after completion of the remediation project. 

Presently, after remediation there remains one major source of chloride at the site, i.e. the 

chloride stored below the clay barrier. As a worst-case scenario we assume that the soil chloride 

content below the clay cap is 874 ppm, i.e. the highest chloride content measured at the site in 

SB7 at a depth of 40 feet in May 2002. However, due to the clay cap the water flux infiltrating 

into the impaired soil volume will become very small and -as a consequence- the amount of 
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chloride released will sharply decrease. 



Figure 1. Diagram of distribution of soil materials after remediation of the pit. The vertical cross section represents a 
slice of the circular pit and surroundings with a radius of 165 feet and a depth of 62 feet. Soil surface at top, ground 
water at bottom. Material 1 (red) is the top soil; material 2 (dark blue) is the calcic horizon; material 3 (green) is the 
sand; material 4 (pink) is the sandstone; material 5 (light blue) is the clay cap. 
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To evaluate the effectiveness of the economically optimal remediation strategy designed by 

WEE we will answer the four critical questions presented in the section "Purpose" using field 

observations, information from the literature, and modeling. The modeling will be conducted 

using the models HYDRUS1D13 and HYDRUS2D14 for simulating water movement and 

chloride transport through the vadose zone. In addition, two models will be coupled: (1) the 

model HYDRUS1D for simulating vertical water movement and chloride transport through the 

vadose zone and (2) a simple spreadsheet model to simulate horizontal movement of chloride in 

the aquifer and to predict the chloride concentration in a down gradient monitoring well. These 

models are fully described in API Publication Number 4734 "Modeling Study of Produced 

Water Release Scenarios"15 that was co-authored by Dr. Hendrickx. 

Input Parameters for Models 

The models need a number of input parameters: concentration of released brine waters, amount 

of brine water infiltrated, i.e the height of the spill, site lithology, hydraulic properties of each 

soil and geological layer, depth of ground water table, thickness of underlying aquifer, porosity 

of underlying aquifer, chloride content in aquifer, ground water flux in aquifer, daily 

precipitation rates, daily potential evapotranspiration rates, and initial soil moisture and chloride 

distributions in the vadose zone. For most brine releases many of these input parameters are not 

readily available. Therefore, it is necessary to use a combination of forward modeling, pseudo 

inverse modeling, and expert judgments for evaluation of different remediation strategies. For 

the B.C. Dickenson site we will not simulate the history of the spill since too few data are 

available. Instead we will evaluate the effects of the optimal remediation strategy using our 

knowledge of the conditions that prevail after completion of the remediation project. 

Known Input Parameters: At the B.C. Dickenson site information is available for several 

parameters. Climate data for 47 recent years were obtained for Lea County, NM from the 

National Climatic Data Center (NCDC, www.ncdc.noaa.gov). The data consisted of historical 

daily temperature and precipitation measurements collected at specific weather stations 

identified by a NCDC Coop identification number. Data for Lea County were collected at the 
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Pearl, NM weather station (Coop # 296659). Potential evapotranspiration (PET) was 

calculated from daily temperature observations using the method of Samani and Pessarakli16. 

When a HYDRUS simulation was performed for a longer time period than the period of record 

for the weather station, the climate data was repeated for as many years as was necessary. The 

thickness of the vadose zone or ground water table depth is 62 ft (18.6 m). 

Input Parameters with Approximately Known Values. It would take much effort to measure the 

characteristics of the Ogalla aquifer underlying the B.C. Dickenson site and to exactly determine 

the size of the release. However, often it is possible to determine reasonable values for these 

parameters based on literature reports and/or field observations. In this study typical Ogalalla 

aquifer values will be used as described in the section "Site Description". The groundwater flux 

represents the rate of groundwater movement and effects the ability of an aquifer to dilute 

chloride of a produced water release. A large groundwater flux produces greater dilution. As 

explained above for this study we will use 2.8 cm/day (about 0.1 foot/day). The porosity of the 

aquifer is estimated as 35 volume percent9. The ambient chloride concentration in the Ogalalla 

aquifer is typically 100 ppm or less17 with a characteristic minimum value of 10 ppm. The 

measurements at the site indicate an ambient chloride concentration of 56 ppm1. The thicker the 

aquifer, the more opportunity for mixing (dilution), and the lower the predicted chloride 

concentration will be in the aquifer. In this study we use 100 ft (30 m). In many places the 

Ogalalla Aquifer and other unconfined, alluvial aquifers are thicker than 100 ft. 

The diameter of the release area and the location of the monitoring well also influence the 

chloride concentration measured in the monitoring well. Based on the data presented by WEE 

the diameter of the area affected by chloride underneath the clay barrier is about 120 feet. A 

suitable location for the monitoring well would be at the downstream edge of the remediated site 

about 140 ft (42 m) away from the center of the pith. 

The dispersion length of the chloride inside the vadose zone has also an impact on the chloride 

concentration at the bottom of the vadose zone where the chloride flux enters the aquifer. The 
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higher the dispersion length the more dilute the chloride concentration will become at the bottom 

of the vadose zone. The dispersion length depends on a large number of factors; a rule of thumb 

is to take the dispersion length equal to one-tenth of the scale of the simulation. For the 62 ft 

(18.6 m) vadose zone at the site we have selected a dispersion length of 180 cm. 

Unknown Input Parameters. Generally no quantitative information is available on (i) the 

amount of produced water that has infiltrated into the vadose zone, (ii) the chloride 

concentration in the produced water, and (iii) the hydraulic properties of the different 

geological layers in the vadose zone. Without these parameters it is not possible to even 

approximately validate models for the evaluation of remediation strategies. Fortunately, at many 

sites test holes have been drilled and monitoring wells have been installed that provide at least 

some qualitative information on the composition of the vadose zone and the quality of the 

ground water. Especially, when chloride and BTEX concentrations have been measured in the 

vadose zone as well as in the ground water, it is often possible to validate release scenarios and 

the impact of the vadose zone on the fate and transport of chloride and BTEX. 

Unfortunately, at the B.C. Dickenson site no simultaneous measurements have been made of 

chloride and BTEX concentrations in the vadose zone and in the ground water. For example, in 

May 2002 BTEX concentrations have been measured in the soil profiles SB1, SB2, SB3, SB4, 

SB5, and SB6 but no chloride concentrations have been measured in the samples that were taken. 

In soil profiles SB7, SB8, and SB9 chloride concentrations have been measured at one depth in 

each profile but no BTEX concentrations were measured at these depths. If chloride 

concentrations had been measured in soil profile SB6, a model validation would have been 

possible using a pseudo-inverse method but with the current data set it is not. The only approach 

feasible is to take the chloride measurements in SB7 and SB9 as indications of the chloride 

content deeper in the profile. As a worst-case scenario we assume that the soil chloride content 

below the clay cap is 874 ppm, i.e. the highest chloride content measured at the site in SB7 at a 

depth of 40 feet in May 2002. 
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Figure 1 shows the distribution of soils layers after remediation. The pit has a diameter of 140 

feet. On the bottom of the pit a two-feet-thick clay cap (light blue color) is installed to prevent 

seepage water to enter the sandstone (purple color) and sand layers (green color) below it that 

contain chlorides. In the upper right hand corner of the cross section the original profile can be 

seen consisting of a 3 feet thick silty clay loam top soil over a 4 feet thick caliche layer. The 

caliche layer rests on a 18 feet sand layer underlain by a 6 feet sandstone layer. Between the 

sandstone and the ground water level is a 31 feet sand layer with properties identical to the sand 

layer above it. The soil hydraulic properties are derived from our field observations in the pit on 

March 30, 2005, the logs of soil borings at the site, and literature information. Pedotransfer 

functions of the HYDRUS code are used for the derivation of the Van Genuchten parameters on 

the basis of soil texture and bulk density (Table 1). These Van Genuchten parameters determine 

the soil hydraulic properties18. The hydraulic properties of the clay cap are based on those for a 

clay soil with a saturated hydraulic conductivity of 0.001 cm/day or 0.012 foot/year. 

Table 1. Van Genuchten parameters that describe the hydraulic properties of the soil materials in, around, 
and below the restored pit. 

Material Material # Van Genuchten Hydraulic Parameters 11 

®r ©s a n Ksat 
3 3 

cm /cm 
3 3 

cm /cm 
cm"1 - cm/day 

Silty clay loam 1 0.078 0.43 0.036 1.56 24.96 
Caliche 2 0.0195 0.12 0.075 1.89 31.8 

Sand 3 0.0346 0.3946 0.048 2.1506 198.4 
Sandstone 4 0.02 0.24 0.124 2.28 10 
Clay cap 5 0.01 0.10 0.005 1.09 0.001 

f 0r residual water content, 0S saturated water content, a and n are shape parameters, K s saturated 
hydraulic conductivity. 

Question One: It there evidence of lateral brine movement? 

Lateral water movement may occur at sudden decreases of hydraulic conductivity in soil 

profiles19"21. Such a sudden decrease of saturated hydraulic conductivity at the Dickenson site is 

found at the interface between the sand layer and the sandstone. However, our field observations 

and literature data indicate that sandstone layers are not impermeable boundaries that will cause 

the brine to move laterally. As has been described in section "Site Description" the pink-tan 



colored sandstone layer shows gray patches. Many of these patches contain hydrocarbons 

indicating that these patches are hydrocarbon flow paths through the sandstone. There are also 

reports5'6 that organic acids -such as may be present in the leachate under the Dickenson site-

can dissolve quartz and, thus, create flow paths through sandstone layers. Another report 

presents measurements of the saturated hydraulic conductivity of sandstone taken along trenches 

with a total length of approximately 3 km. Saturated hydraulic conductivity values of weathered 

and non-weathered sandstone are similar and range from 1 to 42 cm/day, with geometric means 

of 17 and 10 cm/day. Since a saturated hydraulic conductivity of 1 cm/day would be sufficient to 

move more than 365 cm or 10 feet of hydrocarbon brines per year downward through the 

sandstone at the Dickenson site, we conclude that the principal direction of movement through 

the sandstone has been vertical. Therefore, we conclude that all contaminants remaining from the 

Dickenson Battery after restoration are located immediately underneath the restored pit. 

Question Two: Will water seep around the clay cap and enter the impaired volume 

underneath? 

The clay cap has a saturated hydraulic conductivity of 0.001 cm/day or 0.365 cm/year which is 

much less than the ground water recharge at the site. Therefore, deep percolation water will start 

flowing laterally over the clay cap towards its edge. After reaching the edge of the clay cap water 

will start moving vertically again and might be wicked into the impaired volume underneath the 

clay cap. How far the water will be wicked into the impaired volume depends on its hydraulic 

properties. The soil bore logs presented in a report by Environmental Technology Group, Inc.2 

and geological reports on the Ogallala Aquifer in Eastern New Mexico 3 , 4 clearly indicate that the 

impaired volume underneath the sandstone consists of a sand layer very similar to the one above 

the sandstone. In other words the impaired volume has hydraulic properties typical for sand (see 

Table 1, material 3). 

The flow of water from the edge of the clay cap into the underlying sand can be evaluated by 

considering what is know about infiltration from a line source. Theoretical and experimental 

evidence22'23 predict that the wetting front of the water infiltrating from a line source into a sand 
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will become elongated with time since gravitational forces in the sand dominate the capillary 

forces (Figure 2). The same will happen over time with the water flowing over the edge of the 

clay cap into the sand layer. As a matter of fact during excavation of the pit we have observed a 

distinct vertical "wetting front" in the sand layer above the sandstone (Figure 3). This "wetting 

front" resulted from the infiltration of BTEX contaminated brine from the tank battery into the 

soil. Its vertical elongated shape is exactly what is predicted by the theory in this sand layer. 

Since the sand layer underneath the clay cap is similar to the one above, the same infiltration 

pattern will occur. 

The model HYDRUS2D was used to simulate how far water would be wicked into the impaired 

volume. After ten years of simulation an approximately steady water content distribution 

developed (Figure 4) with a wetting front similar to the one predicted by the theory (Figure 2) 

and observed in the field (Figure 3). The wetting front wicks some water towards the impaired 

volume over a distance of about 7 feet. The diameter of the impaired volume is 120 feet; the clay 

cap has a diameter of 140 feet and, thus, extends 10 feet away from the contaminated sand. Since 

the wicking action of the sand is less than 10 feet, the chloride in the impaired volume will not 

be affected. This can be seen clearly in Figure 5 where the water flow velocity vectors are 

plotted for the area just below and surrounding the edge of the clay pan. 

On the basis of our field observations, soil physics theory and experiments, and our HYDRUS2D 

modeling results we conclude that no or very little water will seep around the clay cap and enter 

the impaired soil volume. 

Question Three: Will chloride seep out of the impaired volume underneath the clay cap 

after its installation? 

One important question remains: what will happen to the chloride in the impaired volume after 

installation of the clay cap? The installation of the clay cap shuts off the driving force for vertical 

water movement inside the impaired volume, i.e. deep percolation water that is on its way 

l l 



5 10 

Figure 2. Limiting soil water content profiles as time goes to infinity during infiltration from a line source. Numbers 
on the curves represent values of degree of saturation. (After Jury & Horton, 2004). 
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Figure 3. Soil profile inside the excavated pit. The dark area to the right has been darkened due to infiltration of 
BTEX and brines; the light area at the left has not been affected. The sharp vertical boundary between the dark and 

light areas is evidence of the limiting soil water content profiles typical for sand soils during three-dimensional 
infiltration from the tank battery. 
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0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

Volumetric Water Content (cm3 water/cm3 soil) 

Figure 4. Soil water content distribution at the remediated site ten years after installation of the clay cap. The 
elongated shape with higher water contents is a result of infiltration from the edge of the clay cap. The impaired soil 

volume to the left of the infiltrating water is not affected by the higher water contents. See also detail in Figure 5. 
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Figure 5. Water flow velocity vectors near the edge of the clay pan simulated with HYDRUS2D ten years after 
installation of the clay pan. The larger the vector, the more water flow. Note (i) the lateral flow on top of the clay cap 

and (ii) the absence of vectors inside the impaired soil volume with chloride contamination. 
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from the bottom of the root zone towards the ground water table. Therefore, the chloride seepage 

flux into the aquifer will gradually decrease to a very small negligible flux after installation of 

the clay cap. 

In order to evaluate the decrease of chloride flux with time we have simulated chloride and water 

dynamics underneath the clay cap using HYDRUS1D. Initial conditions are taken from the 

HYDRUS2D simulation of the performance of the clay cap. The top boundary condition is set at 

a very small flux of 0.001 cm/day equal to the saturated hydraulic conductivity of the clay cap. 

The chloride content in the impaired volume is conservatively taken as 874 ppm, i.e. 974 mg of 

chloride per 1 kg of moist soil, as explained in section "Remediation Approach". The chloride 

content in the aquifer at the time of the installation of the clay cap is conservatively taken as 496 

ppm which is the highest concentration measured in monitoring well MW1. Figure 6 presents the 

chloride concentrations simulated in a 10 feet deep monitoring well placed at the edge of the 

impaired soil volume after installation of the clay cap. In about one year the chloride 

concentration in the monitoring well drops below 250 ppm. Since the simulated chloride 

concentrations in Figure 6 are based on uncertain estimates of chloride concentrations in the 

impaired soil volume and in the impaired ground water, actual chloride measurements in the 

future may be somewhat different. However, Figure 6 clearly demonstrates how effective the 

clay cap will be for the reduction of future chloride concentrations in the monitoring well. 

We conclude that the clay cap effectively eliminates the driving force for chloride seepage from 

the impaired soil volume. As a result the chloride concentrations in the monitoring well are 

expected to decrease below 250 ppm within a few years. 

Question Four: What is the effect of "wicking" or a sudden rise in ground water level? 

Water will enter the impaired volume by capillary rise also known as "wicking". However, in a 

sand layer the effect of wicking is probably not going to be significant. Of more concern is a 

sudden rise of the ground water table. Therefore, we have simulated the chloride concentrations 

in the monitoring well if the ground water table would rise by four feet immediately after 
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Figure 6. The chloride concentration in a down-gradient monitoring well as a function of time after clay cap 
installation. 
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installation of the clay cap. Figure 7 shows that the simulated chloride concentrations are higher 

than the ones presented in Figure 6. Nevertheless, in about four years the chloride concentration 

will be less than 250 ppm, even after the most catastrophic event that could happen at the site 

after installation of the clay cap. Therefore, we conclude that a sudden rise of ground water level 

will affect the concentrations in the monitoring well but its effect will be mitigated within only a 

few years. 

Conclusion 

The evaluation of the four critical questions clearly has shown that installation of the clay cap is 

a cost-effective restoration technique at Dickenson tank battery. The clay cap will all but 

eliminate seepage of chloride from the impaired soil volume into the ground water. The chloride 

concentrations in the monitoring well are expected to decrease within a few years to less than 

250 ppm. 
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Concentration in Monitoring Well 

Years 

Figure 7. The chloride concentration in a down-gradient monitoring well as a function of time after a sudden 4 feet 
rise of ground water level immediately after installation of the clay cap. 
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C O D O 
Q Q D D 

Laboratory Analytical Results 

This section contains a copy the chain of custody, laboratory analytical results and quality 
control information for soil samples processed during this project. 



D O D Q 
Q O D D 

Groundwater Section 

This section contains a plat map of the site showing the locations of the monitor wells 
and related gradient, a colormetric histograph of the relative chloride concentrations and 
the individual laboratory analyses, chain of custody and quality control data. 



Devon Energy Corporation 
B.C. Dickinson Remediation Project 

Hydrostatic Gradient 



Whole Earth Environmental, Inc. 
Devon/Darr Angell Site 

Well# State Plane 
Northing 

State Plane 
Easting 

Land Surface 
Northing 

Land Surface 
Easting 

M.S.L. 
Elevation 

MW-1 745232.03 901340.68 745232.06 901340.69 3792.79 

MW-4 745432.03 901147.63 745432^08 901147.61 3793.41 

MW-5 745124.35 901004.03 745124.37 901004.00 3792.86 

MW-6 744996.87 901245.15 744996.87 90.1245.15 3792.52 

MW-7 745120.57 901399.10 745120.58 901399.12 3792.80 

MW-South 744985.34 901468.30 744985.34 901468.33 3792.48 

MW-North 745198.28 901468.49 745198.30 901468.52 3793.45 

TBM 745000.81 901244.20 745000.81 901244.20 3792.42 

Notes: 

1 .Horizontal coordinates are State Plane NAVD 83 datum referenced to USCGS Triangulation 
Station named "CREAK". 

2. Elevations are NAVD 88 datum referenced to USCGS Bench Mark named "G-35". 

3. Elevations on monitor wells are taken on top of 2'x2' cement pad as requested by Mike Griffin 
in field 4-12-05. 

4. TBM is Vz" reinforcing bar with aluminum cap marked "ANGELL" located on the north side of 
the cement 2'x2' pad of monitor well 6. 



elevation 

• 1308.627451 
!|| 1205.882353 
Uj 1103 137255 

1000 392157 
897 647059 
794.901961 
692 156863 
589.411765 
486.666667 
383.521569 
281.176471 
178.431373 
75,686275 

Devon Energy Company 

B.C. Dickinson Remediation Project 

Groundwater Chloride Concentrations 



- Odessa, Texas 79765 

Analytical Report 
Prepared for: 

Mike Griffin 

WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy, TX 77494 

Project: Devon 

Project Number: Dickinson Battery 

Location: None Given 

Lab Order Number: 5E10010 

Report Date: 05/11/05 



WHOLE EARTH ENVIRONMENTAL 
2103 Arbor Cove 
Katy TX, 77494 

Project: Devon 
Project Number: Dickinson Battery 
Project Manager: Mike Griffin 

Fax: (281)394-2051 

Reported: 
05/12/05 16:49 

A N A L Y T I C A L R E P O R T F O R S A M P L E S 

Sample ID Laboratory ID Matrix Date Sampled Date Received 

Battery Bottom 

MW-1 

MW-4 

MW-5 

MW-6 

MW-7 

5E10010-01 

5E10010-02 

5E10010-03 

5E10010-04 

5E10010-05 

5E10010-06 

Soil 

Water 

Water 

Water 

Water 

Water 

05/10/05 00:00 

05/09/05 00:00 

05/09/05 00:00 

05/09/05 00:00 

05/09/05 00:00 

05/09/05 00:00 

05/10/05 13:30 

05/10/05 13:30 

05/10/05 13:30 

05/10/05 13:30 

05/10/05 13:30 

05/10/05 13:30 
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WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy TX, 77494 

Project: Devon 

Project Number: Dickinson Battery 

Project Manager: Mike Griff in 

Fax: (281)394-2051 

Reported: 

05/11/05 11:39 

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

Analyte Result 
Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Note; 

Battery Bottom (5E10010-01) Soil 

Chloride 216 5.00 mg/kg 10 EES1108 05/10/05 05/10/05 EPA 300.0 

M W - 1 (5E10010-02) Water 

Chloride 368 2.50 mg/L 5 EE51107 05/10/05 05/10/05 EPA 300.0 

M W - 4 (5E10010-03) Water 

Chloride 58.8 2.50 mg/L 5 EE51107 05/10/05 05/10/05 EPA 300.0 

MW-5 (5E10010-04) Water 

Chloride 53.1 2.50 mg/L 5 EE51107 05/10/05 05/10/05 EPA 300.0 

MW-6 (5E10010-05) Water 

Chloride 565 5.00 mg/L io EE51107 05/10/05 05/10/05 EPA 300.0 

M W - 7 (5E10010-06) Water 

"oride 

• 

95.4 2.50 mg/L 5 EE51107 05/10/05 05/10/05 EPA 300.0 

Onmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. „ „ „ 
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WHOLE EARTH ENVIRONMENTAL 
2103 Arbor Cove 
KatyTX, 77494 

Project: Devon 
Project Number: Dickinson Battery 
Project Manager: Mike Griffin 

Fax: (281)394-2051 

Reported: 
05/11/05 11:39 

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

Analyte 
Reporting 

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

RPD 
RPD Limit Notes 

Batch EE51107 - General Preparation (WetChem) 

Blank (EE51107-BLK1) Prepared & Analyzed: 05/10/05 
Chloride ND 0.500 mg/L 

LCS (EE51107-BS1) Prepared & Analyzed: 05/10/05 
Chloride 10.1 mg/L 10.0 101 80-120 

Calibration Check (EE51107-CCV1) Prepared & Analyzed: 05/10/05 
Chloride 10.3 mg/L 10.0 103 80-120 

Duplicate (EE51107-DUP1) Source: 5E10010-02 Prepared & Analyzed: 05/10/05 
Chloride 367 2.50 mg/L 368 0.272 20 

Batch EE51108 - Water Extraction 

Blank (EE51108-BLK1) Prepared & Analyzed: 05/10/05 
Chloride ND 0.500 mg/kg 

LCS (EE51108-BS1) Prepared & Analyzed: 05/10/05 
Chloride 10.3 mg/L 10.0 103 80-120 

Vibration Check (EE51108-CCV1) Prepared & Analyzed: 05/10/05 

_gde 10.6 mg/L 10.0 106 80-120 

Spicate (EE51108-DUP1) Source: 5E09009-01 Prepared & Analyzed: 05/10/05 
Chloride 871 25.0 mg/kg 841 3.50 20 

0 ionmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval oj Environmental Lab ot'Texas. 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 
Katy TX, 77494 Project Manager. Mike Griffin 05/11/05 11:39 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: QoJlcW^ q \C j < - ^ Q Date: j2--Q5~ 

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

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

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

tj^pnmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
^t\WW received in the laboratory. This analytical report must be reproduced in its entirety, 

with written approval of Environmental Lab of Texas. _ . „ 
Page 4 of 4 
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Las t - Odessa , Texus 79765 

Analytical Report 
Prepared for: 

Mike Griffin 

WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy, TX 77494 

Project: Devon 

Project Number: Dickinson Lease 

Location: Lea County, NM 

Lab Order Number: 5F30001 

Report Date: 07/08/05 



WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

ANALYTICAL REPORT FOR SAMPLES 

Sample ID Laboratory ID Matrix Date Sampled Date Received 

Trip 

North Well 

South Well 

5F30001-01 

5F30001-02 

5F30001-03 

Water 

Water 

Water 

06/29/05 09:45 

06/29/05 09:00 

06/29/05 09:00 

06/30/05 07:55 

06/30/05 07:55 

06/30/05 07:55 

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager. Mike Griffin 07/08/05 15:34 

Organics by GC 

Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

Tr ip (5F30001-01) Water 

Benzene ND 0.00100 mg/L 1 EO501I1 07/01/05 07/05/05 EPA 802 IB 

Toluene ND 0.00100 

• 
Ethylbenzene ND 0.00100 

• 
Xylene (p/m) ND 0.00100 

Xylene (o) ND 0.00100 - •• 

Surrogate: a,a,a-Trifluorotoluene 87.0% 80-120 » 
Surrogate: 4-Bromofluorobenzene 94.3% 80-120 " 

North Well (5F30001-02) Water 

Benzene ND 0.00100 mg/L 1 EGS01H 07/01/05 07/02/05 EPA8021B 

Toluene ND 0.00100 -
Ethylbenzene ND 0.00100 -
Xylene (p/m) ND 0.00100 - » 
Xylene (o) ND 0.00100 

• 
-

Surrogate: a,a,a-Trifluorotoluene 82.7% 80-120 • • • 
Surrogate: 4-Bromofluorobenzene 91.8% 80-120 

• 
South WeU (5F30001-03) Water 

Benzene ND 0.00100 mg/L I EG50U1 07/01/05 07/02/05 EPA 802IB 

Toluene ND 0.00100 > 
Ethylbenzene ND 0.00100 -
Xylene (p/m) ND 0.00100 - -

• 
Xylene (o) ND 0.00100 » 

Surrogate: a,a,a-Trifluorotohiene 82.1% 80-120 •• » » 
Surrogate: 4-Bromofluorobenzene 90.7% 80-120 - » 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax: (281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

North Well (5F30001-02) Water 

Chloride 993 5.00 mg/L 10 EG50711 07/06/05 07/06/05 EPA 300.0 

Specific Conductance (EC) 872 5.00 umhos/cm 1 EG50502 06/30/05 06/30/05 EPA 120.1 

Total Dissolved Solids S83 5.00 mg/L " EF53006 06/30/05 07/01/05 EPA 160.1 

South Well (5F30001-03) Water 

Chloride 73.4 5.00 mg/L 10 EG5071I 07/06/05 07/06/05 EPA 300.0 

Specific Conductance (EC) 1000 5.00 umhos/cm 1 EG50502 06/30/05 06/30/05 EPA 120.1 

Total Dissolved Solids 573 5.00 mg/L EF53006 06/30/05 07/01/05 EPA 160.1 

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

Page 3 of 10 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax: (281) 394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager Mike Griffin 07/08/05 15:34 

Total Metals by EPA / Standard Methods 
Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

North Well (SF30001-02) Water 

Mercury ND 0.00100 mg/L 2 EG50807 07/08/05 07/08/05 EPA 7470A 

Arsenic ND 0.00800 1 EG50102 06/30/05 07/01/05 EPA6010B 

Barium 0.0718 0.00100 « 
Cadmium 0.00190 0.00100 -
Chromium ND 0.00500 * 
Lead ND 0.0110 n -
Selenium 0.00840 0.00400 -
Silver ND 0.00500 

South Well (SF3000I-03) Water 

Mercury ND 0.00100 mg/L 2 EG50807 07/08/05 07/08/05 EPA 7470A 

Arsenic ND 0.00800 1 EG50I02 06730/05 07/01/05 EPA 6010B 

Barium 0.203 0.00100 

• 
-

Cadmium 0.00800 0.00100 - -

• 
Chromium 0.0174 0.00500 « 
Lead 0.0164 0.0110 " n n -
Selenium ND 0.00400 -
Silver ND 0.00500 - -

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced In its entirety, 
with written approval of Environmental Lab ofTexas. _ , 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

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

Batch EG50111 - EPA 5030C (GC) 

Blank (EG5011I-BLK1) Prepared & Analyzed: 07/01/05 

Benzene ND 0.00100 mg/L 

Toluene ND 0.00100 

Ethylbenzene ND 0.00100 

Xylene (p/m) ND 0.00100 

Xylene (o) ND 0.00100 " 
Surrogate: a,a,a-Trifluorotoluene 92.1 ug/l 100 92.1 SO-120 

Surrogate: 4-Bromofluorobenzene 92.3 " 100 92.3 80-120 

LCS (EG50111-BS1) Prepared & Analyzed: 07/01/05 

Benzene 103 ug/I 100 103 80-120 

Toluene 93.6 100 93.6 80-120 

Ethylbenzene 97.1 100 97.1 80-120 

Xylene (p/m) 175 200 87.5 80-120 

Xylene (o) 89.6 100 89.6 80-120 

Surrogate: a,a,a-Trifluorotoluene 116 100 116 80-120 

Surrogate: 4-Bromofluorobenzene IIS 100 115 80-120 

Calibration Check (EG50111-CCV1) Prepared: 07/01/05 Analyzed: 07/05/05 

Benzene 106 ug/l 100 106 80-120 

Toluene 93.4 100 93.4 80-120 

Ethylbenzene 95.5 - 100 95.5 80-120 

Xylene (p/m) 173 * 200 86.5 80-120 

Xylene (o) 91.6 100 91.6 80-120 

Surrogate: a,a,a-Trijluorotoluene 107 100 107 80-120 

Surrogate: 4-Bromqfluorobenzene 119 loo 119 80-120 

Matrix Spike (KG50111-MS1) Source: 5F30001-01 Prepared: 07/01/05 Analyzed: 07/02/05 

Benzene 91.6 ug/I 100 ND 91.6 80-120 

Toluene 81.3 100 ND 81.3 80-120 

Ethylbenzene 89.5 100 ND 89.5 80-120 

Xylene (p/m) 160 200 ND 80.0 80-120 

Xylene (o) 89.4 100 ND 89.4 80-120 

Surrogate: a,a.a-Trifluorololuene 95.5 100 95.5 80-120 

Surrogate: 4-Bromofluorobenzene 120 100 120 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in iti entirety, 
with written approval ofEnvironmental Lab of Texas. 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax: (281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

Organics by G C - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

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

Batch EG50111 - EPA 5030C (GC) 

Matrix Spike Dup (EG50111-MSD1) Source: SF30001-01 Prepared: 07/01/05 Analyzed: 07/05/05 
Benzene 85.2 ug/l 100 ND 85.2 80-120 7.24 20 

Toluene 83.8 j 

100 
ND 83.8 80-120 3.03 20 

Ethylbenzene 90.8 • 100 ND 90.8 80-120 1.44 20 

Xylene (p/m) 166 200 ND 83.0 80-120 3.68 20 

Xylene (o) 87.2 100 ND 87.2 80-120 2.49 20 

Surrogate: a,a,a-Trijluorotoluene 88.0 100 88.0 80-120 

Surrogate: 4-Bromofluorobenzene 113 100 113 80-120 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. „ , , . , _ 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

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

Batch EF53006 - Filtration Preparation 

Blank (EF53006-BLK1) Prepared: 06/30/05 Analyzed: 07/01/05 

Total Dissolved Solids 

Duplicate (EF53006-DUP1) 

ND 5.00 mg/L 

Source: 5F29010-01 Prepared: 06/30/05 Analyzed: 07/01/05 

Total Dissolved Solids 7110 

Batch EG50502 - General Preparation (WetChem) 

10.0 mg/L 7230 1.67 20 

Calibration Check (EGS0502-CCV1) Prepared & Analyzed: 06/30/05 

Specific Conductance (EC) 

Duplicate (EGS0502-DUP1) 

1420 umhos/cm 1410 101 80-120 

Source: 5F30001-02 Prepared & Analyzed: 06/30/05 

Specific Conductance (EC) 870 

Batch EG50711 - General Preparation (WetChem) 

5.00 umhos/cm 872 0.230 20 

Blank (EG50711-BLK1) Prepared & Analyzed: 07/06/05 

Chloride 

LCS(EGS0711-BS1) 

ND 0.500 mg/L 

Prepared & Analyzed: 07/06/05 

Chloride 

Calibration Check (EGS0711-CCV1) 

10.5 mg/L 10.0 105 80-120 

Prepared & Analyzed: 07/06/05 

Chloride 

Duplicate (EG50711-PUP1) 

Chloride 

10.7 mg/L 10.0 107 80-120 

Source: 5F30001-02 Prepared & Analyzed: 07/06/05 

99.4 5.00 mg/L 99.3 0.101 20 

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

1 Page 7 of 10 

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



WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

Total Metals by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

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

Batch EG50102 - EPA 3005A 

Blank (EG50102-BLK1) Prepared.: 06/30/05 Analyzed: 07/01/05 

Arsenic ND 0.00800 mg/L 

Barium ND 0.00100 

Cadmium ND 0.00100 

Chromium ND 0.00500 

Lead ND 0.0110 

Selenium ND 0.00400 

• 
Silver ND 0.00500 

LCS(EG50102-BS1) Prepared: 06/30/05 Analyzed: 07/01/05 

Arsenic 0.811 0.00800 mg/L 0.800 101 85-115 

Barium 0.197 0.00100 0.200 98.5 85-115 

Cadmium 0.187 0.00100 0.200 93,5 85-115 

Chromium 0.194 0.00500 0.200 97.0 85-115 

Lead 0.936 0.0110 1.10 85.1 85-115 

Selenium 0364 0.00400 • 0.400 91.0 85-115 

Silver 0.110 0.00500 0.100 110 85-115 

LCS Dup (EG50102-BSD1) Prepared: 06/30/05 Analyzed: 07/01/05 

Arsenic 0.778 0.00800 mg/L 0.800 97.2 85-115 4.15 20 

Barium 0.191 0.00100 0.200 95.5 85-115 3.09 20 

Cadmium 0.186 0.00100 0.200 93.0 85-115 0.536 20 

Chromium 0.180 0.00500 0.200 90.0 85-115 7.49 20 

Lead 1.18 0.0110 1.10 107 85-115 23.1 20 

Selenium 0.365 0.00400 - 0.400 91.2 85-115 0.274 20 

Silver 0.0998 0.00500 0.100 99.8 85-115 9.72 20 

Calibration Check (EG50I02-CCV1) Prepared: 06/30/05 Analyzed: 07/01/05 

Arsenic 1.10 mg/L 1.00 110 90-110 

Barium 1.09 1.00 109 90-110 

Cadmium 1.08 1.00 108 90-110 

Chromium 1.06 1.00 106 90-110 

Lead 0.915 1.00 91.5 90-110 

Selenium 0.929 1.00 92.9 90-110 

Silver 0.524 - 0.500 105 90-110 

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval ofEnvironmental Lab of Texas. Page 8 o f 10 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager Mike Griffin 07/08/05 15:34 

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

Reporting Spike Source %REC RPD 

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

Batch EG50102 - EPA 3005A 

Matrix Spike (EG50102-MS1) Source: SF16004-03 Prepared: 06/30/05 Analyzed: 07/01/05 

Arsenic 1.61 0.00800 mg/L 0.800 0.657 119 75-125 

Barium 1.85 0.00100 • 0.200 1.67 90.0 75-125 

Cadmium 0.892 0.00100 0200 0.667 112 75-125 

Chromium 0.476 0.00500 0.200 0.277 99.5 75-125 

Uad 2.11 0.0110 1.10 1.07 94.5 75-125 

Selenium 1.94 0.00400 0.400 1.52 105 75-125 

Silver 0.359 0.00500 0.100 0.282 77.0 75-125 

Batch EG50807 - EPA 7470A 

Blank (EG50807-BLK1) Prepared & Analyzed: 07/08/05 

Mercury ND 0.00100 mg/L 

LCS (EG50807-BS1) Prepared & Analyzed: 07/08/05 

Mercury 0.00170 0.000500 mg/L 0.00200 85.0 85-115 

Calibration Check (EGS0807-CCV1) Prepared & Analyzed: 07/08/05 

Mercury 0.00103 mg/L 0.00100 103 90-110 

Matrix Spike (EGS0807-MS1) Source: 5G0I015-02 Prepared & Analyzed: 07/08/05 

Mercury 0.00212 0.000500 mg/L ND 75-125 

Matrix Spike Dup (EG50807-MSDI) Source: 5G01015-02 Prepared & Analyzed: 07/08/05 

Mercury 0.00206 0.000500 mg/L ND 75-125 2.87 20 

Environmental Lab O f Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval ofEnvironmental Lab of Texas. 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Lease Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 07/08/05 15:34 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: ^ Date: 7/8/2005 

Raland K. Turtle, Lab Manager Jeanne Mc Murrey, Inorg. Tech Director 
Celey D. Keene, Lab Director, Org. Tech Director LaTasha Cornish, Chemist 
Peggy Allen, QA Officer Sandra Sanchez, Lab Tech. 

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

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

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

with written approval of Environmental Lab of Taos. Page 10 Of 10 
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Soils Section 

This section contains copies of six individual laboratory analytical reports along with 
their associated chains of custody and quality control information. A summary sheet is 
also provided to guide the reader through the various test sections. 



Devon Energy Company 
B.C. Dickinson Remediation Project 

Laboratory Analytical Summary 

•. ! Pit Area .1 
Sample Point Report Date Lab. I.D. Chloride (ppm) 

North Wall 3/31/2005 5C28001-01 76 
East Wall 5/5/2005 5E02020-02 315 
South Wall 5/5/2005 5E02020-03 107 
West Wall 5/5/2005 5E02020-04 351 
Bottom 3/31/2005 5C28001-03 286 

Pit Lifts { 
Sample Point Report Date Lab. I.D. Chloride (ppm) 

Lift 1 5/17/2005 5E13026-01 546 
Lift 2 5/17/2005 5E13026-02 169 
Lift 3 5/17/2005 5E13026-03 142 
Lift 4 5/17/2005 5E13026-04 153 
Lift 5 5/17/2005 5E13026-05 155 
Lift 6 5/17/2005 5E13026-06 188 

Borrow Pit Plifts ; 
Sample Point Report Date Lab. I.D. Chloride (ppm) 

Lift 1 6/16/2005 5F13009-01 621 
Lift 2 6/16/2005 5F13009-02 122 
Lift 3 6/16/2005 5F13009-03 521 
Lift 4 6/16/2005 5F13009-04 103 
Lift 5 6/16/2005 5F13009-05 170 



0 Kast - Odessa, Texas 79765 

Analytical Report 
Prepared for: 

Mike Griffin 

WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy, TX 77494 

Project: Devon 

Project Number: Dickinson Battery 

Location: None Given 

Lab Order Number: 5C28001 

Report Date: 03/31/05 



WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 03/31/05 11:15 

A N A L Y T I C A L R E P O R T F O R S A M P L E S 

Sample ID Laboratory ID Matrix Date Sampled Date Received 

Pit N . Wall 5C28001-01 Soil 03/28/05 00:00 03/28/05 10:55 

Pit E. Wall 5C28001-02 Soil 03/28/05 00:00 03/28/05 10:55 

Bottom 5C28001-03 Soil 03/28/05 00:00 03/28/05 10:55 

Spread Composite 5C28001-04 Soil 03/28/05 00:00 03/28/05 10:55 

Page 1 of9 
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WHOLE EARTH ENVIRONMENTAL Project: Devon 
Fax: (281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 03/31/05 11:15 

Organics by GC 

Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

Pit N . Wall (SC28001-01) Soil 

Benzene 0.SS4 0.100 mg/kg dry 100 EC53009 03/28/05 03/28/05 EPA 802 IB 

Toluene 3.80 0.100 » 
Ethylbenzene 4.86 0.100 - » » 
Xylene (p/m) 18.8 0.100 

Xylene (o) 6.15 0.100 

Surrogate: a,a,a-Trifluorololuene 169% 50-720 - S-04 

Surrogate: 4-Bromofluorobenzene 95.1% 80-120 

Gasoline Range Organics C6-CI2 965 10.0 mg/kg dry 1 EC52901 03/29/05 03/29/05 EPA8015M 

Diesel Range Organics >C12-C35 4640 10.0 " n R -
Total Hydrocarbon CfrC35 5600 TO.O - - -
Surrogate: 1-Chlorooctane 129% 67.6-140 » 
Surrogate: 1-Chlorooctadecane 129% 70-130 

Pit E. Wall (5C28001-02) Soil 

Benzene ND 0.0250 mg/kg dry 25 EC53009 03/28/05 03/28/05 EPA 8021B 

Toluene ND 0.0250 n 

Ethylbenzene J [0.0246] 0.0250 » - J 

Xylene (p/m) 0.105 0.0250 

Xylene (o) J [0.01761 0.0250 » - J 

Surrogate: a,a,a-Trifluorololuene 113% 80-120 » » 
Surrogate: 4-Bromofluorobenzene 87.7% 80-120 » » 
Gasoline Range Organics C6-C12 36.5 10.0 mg/kg dry 1 EC52901 03/29/05 03/29/05 EPA 8015M 

Diesel Range Organics >C12-C3S 128 10.0 

• 
-

Total Hydrocarbon C6-C3S 164 10.0 » 

• 
Surrogate: 1-Chlorooctane 128 % 67.6-140 

Surrogate: 1-Chlorooctadecane 123 % 70-130 

Bottom (5C28001-03) Soil 

Benzene 1.24 0.100 mg/kg dry too EC53009 03/28/05 03/28/05 EPA 8021B 

Toluene 5.31 0.100 

Ethylbenzene 5.69 0.100 -

• 
-

Xylene (p/m) 17.7 0.100 - - • 
Xylene (o) 6.31 0.100 -
Surrogate: a,a,a-Trifluorotoluene 189% 80-120 - » S-04 

Surrogate: 4-Bromofluorobenzene 105% 80-120 -
Gasoline Range Organics C6-C12 1330 10.0 mg/kg dry i EC52901 03/29/05 03/29/05 EPA 8015M 

Diesel Range Organics >C12-C35 5280 10.0 

• * 
-

Total Hydrocarbon C6-C35 6610 10.0 

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

with written approval ofEnvironmental Lab of Texas. . 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Katy TX, 77494 Project Manager Mike Griffin 03/31/05 11:15 

Organics by GC 

Environmental Lab of Texas 

Analyte Result 

Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Notes 

Bottom (5C28001-03) Soil 

Surrogate: 1-Chlorooctane 

Surrogate: 1-Chlorooctadecane 

726"% 

122% 

67.6-140 

70-130 

EC52901 03/29/05 03/29/05 EPA 80I5M 

Spread Composite (5C28001-04) Soil 

Benzene 

Toluene 

Ethylbenzene 

Xylene (p/m) 

Xylene (o) 

ND 

i [0.0403) 

0.169 

0.904 

0.363 

0.0500 

0.0500 

0.0500 

0.0500 

0.0500 

mg/kg dry 50 EC53009 03/28/05 03/28/05 EPA 802 IB 

J 

Surrogate: a,a,a-Trifluorotoluene 

Surrogate: 4-Bromofluorobenzene 

Gasoline Range Organics C6-C12 

Diesel Range Organics >C12-C35 

Total Hydrocarbon C6-C3S 

416 

3280 

3700 

120% 

84 .1% 

10.0 

10.0 

10.0 

80-120 

80-120 

mg/kgdry 1 EC52901 03/29/05 03/29/05 EPA8015M 

Surrogate: 1-Chlorooctane 

Surrogate: 1-Chlorooctadecane 

162% 

208% 

67.6-140 

70-130 

S-04 

S-V4 

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

2103 Arbor Cove 

Katy TX, 77494 

Project: Devon 

Project Number: Dickinson Battery 

Project Manager. Mike Griffin 

Fax:(281)394-2051 

Reported: 

03/31/05 11:15 

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

Analyte 

Reporting 

Result Limit Units Dilution Batch Prepared Analyzed Method Notes 

Pit N . Wall (SC28001-01) Soil 

Chloride 76.6 5.00 mg/kg 10 EC53014 03/30/05 03/30/05 EPA 300.0 

% Moisture 12.1 0.1 % 1 EC52904 03/28/05 03/29/05 % calculation 

Pit E. Wall (5C28001-02) Soil 

Chloride 668 25.0 mg/kg 50 ' EC53014 03/30/05 03/30/05 EPA 300.0 

% Moisture 9.2 0.1 % 1 EC52904 03/28/05 03/29/05 % calculation 

Bottom (SC28001-03) Soil 

Chloride 286 10.0 mg/kg 20 EC53014 03/30/05 03/30/05 EPA 300.0 

% Moisture 7.3 0.1 % 1 EC52904 03/28/05 03/29/05 % calculation 

Spread Composite (5C28001-04) Soil 

Chloride 344 10.0 mg/kg 20 EC53014 03/30/05 03/30705 EPA300.0 

% Moisture 7.8 0.1 % 1 EC52904 03/28/05 03/29/05 % calculation 

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

2103 Arbor Cove 

Katy TX, 77494 

Project: Devon 

Project Number: Dickinson Battery 

Project Manager: Mike Griffin 

Fax:(281)394-2051 

Reported: 

03/31/05 11:15 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Analyte Result 
Reporting 

Limit Units 

Spike Source 
Level Result %REC 

%REC 
Limits 

RPD 
RPD Limit Notes 

Batch EC52901 - Solvent Extraction (GC) 

Blank (ECS2901-BLKI) Prepared & Analyzed: 03/29/05 

Gasoline Range Organics C6-C12 

Diesel Range Organics >C12-C35 

Total Hydrocarbon C6-C3S 

ND 

ND 

ND 

10.0 mg/kg wet 

10.0 

10.0 

Surrogate: 1-Chlorooctane 

Surrogate: I-Chlorooctadecane 

35.0 

36.5 

mg/kg 50.0 

50.0 

70.0 

73.0 

67.6-140 

70-130 

LCS(EC52901-BS1) Prepared & Analyzed: 03/29/05 

Gasoline Range Organics C6-CI2 

Diesel Range Organics >C12-C35 

Total Hydrocarbon C6-C35 

452 

560 

1010 

10.0 mg/kg wet 

10.0 

10.0 

500 

500 

1000 

90.4 

112 

101 

76.3-104 

76.1-118 

81.8-105 

Surrogate: I-Chlorooctane 

Surrogate: 1-Chlorooctadecane 

39.9 

37.6 

mg/kg 50.0 

50.0 

79.8 

75.2 

67.6-140 

70-130 

Calibration Check (EC52901-CCV1) Prepared & Analyzed: 03/29/05 

Gasoline Range Organics C6-C12 

Diesel Range Organics >C 12-C35 

Total Hydrocarbon C6-C35 

495 

494 

989 

mg/kg 500 

500 

1000 

99.0 

98.8 

98.9 

80-120 

80-120 

80-120 

Surrogate: 1-Chlorooctane 48.8 50.0 97.6 67.6-140 

Surrogate: I Chlorooctadecane 40.7 " 50.0 81.4 70-130 

Matrix Spike (EC52901-MS1) Source: 5C28004-01 Prepared & Analyzed: 03/29/05 

Gasoline Range Organics C6-C12 494 10.0 mg/kg dry 570 ND 86.7 75.9-114 

Diesel Range Organics >C12-C35 631 10.0 570 ND 111 85.3-122 

Total Hydrocarbon C6-C3S 1130 10.0 1140 ND 99.1 84.4-115 

Surrogate: 1-Chlorooctane 50.0 mg/kg 50.0 100 67.6-140 

Surrogate: 1-Chlorooctadecane 64.1 " 50.0 128 70-130 

Matrix Spike Dup (EC52901-MSD1) Source: 5C28004-A1 Prepared & Analyzed: 03/29/05 

Gasoline Range Organics C6-C12 495 10.0 mg/kg dry 570 ND 86.8 75.9-114 0.202 10.4 

Diesel Range Organics >C12-C35 627 10.0 570 ND no 85.3-122 0.636 10.4 

Total Hydrocarbon C6-C35 1120 10.0 1140 ND 98.2 84.4-115 0.889 7.6 

Surrogate: t-Chtorooctane S0.8 mg/kg 50.0 102 67.6-140 

Surrogate: 1-Chlorooctadecane 62.9 • 50.0 126 70-130 

Environmental Lab Of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirety, 
with written approval of Environmental Lab of Texas. „ , „ „ 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax: (281)394-2051 

2103 Arbor Cove Project Number. Dickinson Battery Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 03/31/05 11:15 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

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

Batch EC53009 - EPA 5030C (CC) 

Blank (EC53009-BLK1) Prepared: 03/28/05 Analyzed: 03/29/05 

Benzene ND 0.0250 mg/kg wet 1 

Toluene ND 0.0250 

Ethylbenzene ND 0.0250 

Xylene (p/m) ND 0.02S0 

Xylene (o) ND 0.0250 

Surrogate: a,a,a-TriJluoratoluene 985 100 98.5 80-120 

Surrogate: 4-Bromofluorobenzene 84.5 100 84.5 80-/20 

LCS (EC53009-BS1) Prepared & Analyzed: 03/28/05 

Benzene 107 ug/kg 100 107 80-120 

Toluene 110 100 110 80-120 

Ethylbenzene 113 100 113 80-120 

Xylene (p/m) 237 - 200 118 80-120 

Xylene (o) 116 100 116 80-120 

Surrogate: a.a.a-Trifluorololuene 118 100 1/8 80-/20 

Surrogate: 4-Bromofluorobenzene 1/9 /oo 119 80-120 

Calibration Check (EC53009-CCV1) Prepared: 03/28/05 Analyzed: 03/29/05 

Benzene 93.3 ug/kg 100 93.3 80-120 

Toluene 93.2 100 93.2 80-120 

Ethylbenzene 87.2 100 87.2 80-120 

Xylene (p/m) 189 200 94.5 80-120 

Xylene (o) 95.1 100 95.1 80-120 

Surrogate: a,a,a-Trifluorotoluene 1/7 100 117 80-120 

Surrogate: 4-Bromofluorobenzene 84.6 /OO 84.6 80-/20 

Matrix Spike (EC53009-MS1) Source: 5C2800S-05 Prepared: 03/28/05 Analyzed: 03/29/05 

Benzene 95.1 ug/kg 100 ND 95.1 80-120 

Toluene 98.9 100 ND 98.9 80-120 

Ethylbenzene 98.0 100 ND 98.0 80-120 

Xylene (p/m) 217 " 200 ND 108 80-120 

Xylene (o) 107 100 ND 107 80-120 

Surrogate: a,a,a-Trifluorototuene 117 • 100 117 80-/20 

Surrogate: 4-Bromofluorobenzene 92.7 /oo 92.7 80-120 

Environmental Lab Of 1 exas The results in this report apply to the samples analyzed In accordance with the samples 

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

with written approval of Environmental Lab of Texas. _ , - „ 
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WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy TX, 77494 

Project: Devon 

Project Number: Dickinson Battery 

Project Manager. Mike Griffin 

Fax:(281)394-2051 

Reported: 

03/31/05 11:15 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %REC RPD 

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

Batch EC53009 - EPA 5030C (GC) 

Matrix Spike Dup (EC53009-MSD1) Source: SC28005-0S Prepared: 03/28/05 Analyzed: 03/29/05 
Benzene 95.3 ug/kg 100 ND 95.3 80-120 0.210 20 

Toluene 98.9 100 ND 98.9 80-120 0.00 20 

Ethylbenzene 102 100 ND 102 80-120 4.00 20 

Xylene (p/m) 232 200 ND 116 80-120 7.14 20 

Xylene (o) 117 100 ND 117 80-120 8.93 20 

Surrogate: a,a,a-Triftuorotoluene 113 100 113 80-120 

Surrogate: 4-Bromofluorobenzene 107 » 100 107 80-120 

Environmental Lab Of Texas yhe results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in its entirely, 
with written approval of Environmental 1Mb of Texas. „ _ „„ 

Page 7 of9 
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WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy TX, 77494 

Project: Devon 

Project Number: Dickinson Battery 

Project Manager: Mike Griffin 

Fax:(281)394-2051 

Reported: 

03/31/05 11:15 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Analyte 
Reporting 

Result Limit Units 
Spike Source 
Level Result %REC 

%REC 
Limits RPD 

RPD 
Limit Notes 

Batch EC52904 - General Preparation (Prep) 

Blank (EC52904-BLK1) Prepared: 03/28/05 Analyzed: 03/29/05 

% Moisture ND 0.1 % 

Duplicate (ECS2904-DUP1) Source: 5C28001-01 Prepared: 03/28/05 Analyzed: 03/29/05 

% Moisture 11.1 0.1 % 12.1 8.62 20 

Batch EC530I4 - Water Extraction 

Blank (EC530I4-BLK1) Prepared & Analyzed: 03/30/05 

Chloride ND 0.500 mg/kg 

LCS (EC53014-BS1) Prepared & Analyzed: 03/30/05 

Chloride 10.5 mg/L 10.0 105 80-120 

Calibration Check (ECS3014-CCV1) Prepared & Analyzed: 03/30/05 

Chloride 10.6 mg/L 10.0 106 80-120 

Duplicate (EC53014-DUP1) Source: 5C2S006-51 Prepared & Analyzed: 03/30/05 

Chloride 449 25.0 mg/kg 444 1.12 20 

Environmental Lab of Texas 77ie results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in ia entirely, 
with written approval of Environmental Lab of Texas. 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax: (281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Katy TX, 77494 Project Manager. Mike Griffin 03/31/05 11:15 

Notes and Definitions 

S-04 The surrogate recovery for this sample is outside of established control limits due to a sample matrix effect. 

J Detected but below the Reporting Limit; therefore, result is an estimated concentration (CLP J-Flag). 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: Date: 3/31/2005 

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

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

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

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in to entirety, 
with written approval of Environmental Lab of Texas. _ _ 
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Analytical Report 
Prepared for: 

Mike Griffin 

WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy, TX 77494 

Project: Devon 

Project Number: Dickinson Battery 

Location: None Given 

Lab Order Number: 5E02020 

Report Date: 05/05/05 



WHOM- EARTH ENVIRONMENTAL 
2103 Arbor Cove 
Kills TX, 77494 

Project: Devon 
Project Number: Dickinson Battery 
Project Manager: Mike Griflin 

Fax:(2S1)394-2051 

Reported: 

05/05/05 12:51 

ANALYTICAL REPORT FOR SAMPLES 

Sample 10 Laboratory II> .Mntri.v Date Sampled Oil It- Received 

PilN. Wall 5E02020-0I Soil 05/02/05 09:00 05/02/05 14:45 

Pit R Wall 5E02020-02 Soil 05/02/05 09:10 05/02/05 14:45 

Pit S. Wall 5E02020-03 Soil 05/02/05 09:15 05/02/05 14:45 

Pit W. Wall 5L02020-04 Soil 05/02/05 09:20 05/02/05 14:45 

Battery Bottom Composite 5E02020-05 Soil 05/02/05 10:00 05/02/05 14:45 

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

Page 1 of 9 



WHOLE EAR 1 11 ENVIRONMENTAL Project: Devon Fax: (281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery R e p o r t e d : 

katy TX, 774*1 Project Manager: Mike Griffin 05/05/05 12:51 

Organics by GC 

Environmental Lab of Texas 

Analyte Result 

Repotting 

Limit L'nits Dilution Batch Prcpaicd Analvzeil Method N'ole.i 

Pit N . W a l l (5E02020-O1) Soil 

Benzene N D 0.0250 lllg/kgdry 2S F.K50306 05/03/05 05/03/05 EPA 802IB 

Toluene N D 0.0250 .. 

Ethylbenzene N D 0.0250 .. 

Xylene (p/m) N D 0.0250 •• 

Xylene (o) N D 0.0250 ,. " 

Surrogate: a.a.a-TriJIuorotohtene 82.8% 80-120 
„ -

Surrogate: 4-Bromojluorobenzene 96.1 % SO-120 " 
Gasoline Range Organics C6-C12 N D 10.0 mg/kg dry 1 EE50205 05/02/05 05/02/05 EPA 80 ISM 

Diesel Range Organics >CI2-C35 N D 10.0 ,. 

Total Hydrocarbon C6-C35 N D 10.0 .. .. » 

Surrogate: 1-Chlorooctane 77.6% 70-130 ., - " 

Surrogate: 1-Chlorooctadecane 72.8 % 70-130 ,. " 

Pit E. W a l l (5F.02020-02) Soil 

Benzene N D 0.0250 mg/kg dry 25 KI-:50306 05/03/05 (15/03/05 EPA 802IB 

Toluene N D 0.0250 .. 
Ethylbenzene N D 0.0250 

Xylene (p/m) N D 0.0250 - ., 
Xylene (o) N D 0.0250 

Surrogate: a.a.a-Triflttorotohtene 83.6% 80-120 

•• 
Surrogate: 4-llromofluorubcmene 91.7% 80-120 

„ » 
Gasoline Range Organics C6-C12 N D 10.0 niji/kg dry 1 EE50205 05/02/05 05/02/05 l-l 'A 80 ISM 

Diesel Range Organics >C 12-C35 N D 10.0 -

Total Hydrocarbon C6-C35 N D 10.0 

•• 
Surrogate: 1-Chlorooctane 84.2 % 70-130 „ 

Surrogate: 1-Chlorooctadecane 77.0% 70-130 
„ " 

Pit S. W a l l (SE02020-03) Soil 

Benzene N D 0.0250 mg/kg dry 25 EE50306 05/03/05 05/03/05 EPA 802IB 

Toluene N D 0.0250 ,. 
Ethylbenzene N D 0.0250 ,. 
Xylene (p/m) N D 0.0250 .. 
Xylene (o) N D 0.0250 .. 

Surrogate: a.ci.a-TriJluorotoluene Sl.l % 80-120 ,. 

•• 
Surrogate: 4-Hromoflnorobenzene 104% 80-120 

„ 

Gasoline Range Organics C6-C12 N D 10.0 m«/kg dry ) F.fi50205 05/02/05 05/02/05 I:PA SO ISM 

Diesel Range Organics >C 12-C35 N D 10.0 

total Hydrocarbon C6-C35 N D 10.0 — — _.. 
E n v i r o n m e n t a l L a b o f Texas 7 hi results in this n'purl apply to (/)«.* samples analyzed in oeeortlmi 

received in the laboratory: This analytical report must be reproduce 

with written approval ofl:nviruitt>iciilal l.oh of Tcxa>: 

Y with the sample 

1 in lis entirety. 
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WHOLE EARTH ENVIRONMENTAL Project Devon 
I-ax: (2S11394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Kitty TX. 77494 Project Manager: Mike Griffin 05/05/05 12:51 

Organics by GC 
Environmental Lab of Texas 

Reporting 

Analyic Result 1 milt Units Dilution Hatch I'lepaied Analyzed Method Notes 

Pit S. Wall (5K02020-03) Soil 

Surrogate: 1 -Chlorooctane 86.6% 70-130 i:i:.W2(l> 05 02 05 115 •02-05 «'.•),SWSAf 

Surrogate: 1 -Chlorooctadecane 81.2% 70-130 " 

Pit W. Wall (5K02020-04) Soil 

Benzene ND 0.0250 mg/kg dry 25 EE50306 05/03/05 O5/0.VO5 li l 'A 802 Hi 

Toluene ND 0.0250 

Ethylbenzene ND 0.0250 .. •• 
Xylene (p/m) ND 0.0250 

Xylene (o) ND 0.0250 

Surrogate: a.a.a-'l'rijluorotoluene 80.8% 80-120 

•• 
» » 

Surrogate: •t-ftrornqPuorobenzene SS.4% SO-120 •• 
Gasoline Range Organics C6-CI2 ND 10.0 mg/kgdry 1 IiE50205 05/02/05 05/02/05 I'.l'AXCHSM 

Diesel Range Organics >CI2-C3S ND 10.0 .. » •• 
Total Hydrocarbon C6-C35 ND 10.0 .. 
Surrogate: 1-Chlorooctane 81.8% 70-130 » " 

•• 
Surrogate: 1-Chlorooctadecane 75.0 % 70-130 

Battery Bottom Composite (5E02020-05) Soil 

Benzene ND 0.0250 ms/kg dry 25 F.E50306 05/03/05 05/03/05 EPA 8021 B 

Toluene ND 0.0250 - -
Ethylbenzene ND 0.0250 •• 
Xylene (p/m) ND 0.0250 -

•• 
Xylene (o) ND 0.0250 

Surrogate: a.a.a-Trifluorotoluene S0.5 % SO-120 

Surrogate: 4-liromoJluorobenzene 91.0 % 80-120 

Gasoline Range Organics C6-C12 ND 10.0 mg/kg dry 1 L-:i-50205 05/02/05 05/02/05 EPA 80I5M 

Diesel Range Organics >C12-C35 ND 10.0 

Total Hydrocarbon C6-C35 ND 10.0 " 
Surrogate: 1-Chlorooctane 81.3% ' 70-130 •• 

•• 
Surrogate: 1-Chlorooctadecane 76.2% 70-130 » » -

environmental Lab ot Texas m . n,s„lls ,„ M , n p o n a p p l y l0 l l K s a m p f e s analyzed in accordance „•///, ,/„.samples 
received in the laboratory. This analytical report must he reproduced in its entirely, 

with written approval of l-jnironmenlnl IAjh ol"I wtfv . , 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax: (281)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Katy TX, 77494 Project Manager: Mike (ir if l in 05/05/05 12:51 

General Chemistry Parameters by EPA / Standard Methods 

Environmental Lab of Texas 

Reporting 

Analyte Result Limit Units Dilution Hatch I'repaicd Analyzed Method Notes 

Pit N. Wall (5E02020-01) Soil 

Chloride 385 20.0 mg/kg 40 EE504I0 05/04/05 05/04/05 El'A 300.0 

% Moisture 6.7 0.1 % 1 KK50301 05/02/05 05/03/05 % calculation 

Pit E. Wall (5E02020-02) Soil 

Chloride 315 20.0 mg/kg 40 EE50410 05/04/05 05/04/05 KI'A 300.0 

% Moisture 6.6 0.1 % 1 I-I-503OI 05/02/05 05/03/05 % calculation 

Pit S. Wall (SE02020-03) Soil 

Chloride 107 5.00 mg/kg 10 EE50110 05/04/05 05/04/05 KI'A 300.0 

% Moisture 7.0 0.1 % 1 EE50301 05/02/05 05/03/05 % calculation 

Pit W. Wall (5F.02020-04) Soil 

Chloride 351 20.0 mg/kg 40 EE50410 05/04/05 05/0-1/05 EPA 300.0 

% Moisture 6.1 0.1 % 1 EE50301 05/02/05 05/03/05 % calculation 

Battery Bottom Composite (5E02020-05) Soil 

Chloride 464 25.0 mg/kg 50 EK504IO 05/04/05 05/04/05 KI'A 300.0 

% Moisture 2.6 0.1 % 1 EK50301 05/02/05 05/03/05 % calculation 

Environmental Lab of 1 exas r h c K S I l l l x „ , l h j s n p o r l m, / v l o„„, s a m p k, x„„„/,,.,.,,,„ , K c n n i u n l c „.,-,/, ,fc,„,„/,;<., 
received in the laboratory. This analytical report rimst he reproduced in its entirely. 

with written approval oj' EnvironmentalIxih of '1'exas. A 
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W H O L E E A R T H E N V I R O N M E N T A L Project: Devon 
Pax: (2X1)394-2051 

2103 Arbor Cove Project Number: Dickinson Battery Reported: 

Katy T X . 77494 Project Manager: Mike G r i f f i n 05/05/05 12:51 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike So mrc %KKC Kin) 

Analyte I.ituil Uniis Level Kesuli l.iiniis RPD t.ttnii N'oics 

Batch ELS0205 - Solvent Extraction (GC) 

Blank (EES0205-BLK1) Prepared & Analyzed: 05/02/05 
Gasoline Range Organics 06-C12 ND 10.0 mg/kg wet 

Diesel Range Organics >GI2-C35 ND 10.0 

Total 1 lydrocarbon C6-C35 ND 10.0 

Surrogate: 1-Chlvrooclanc ~3S.$ mg kg "so.o 77.0 70-130 

Surrogate: 1-Clilorooetadecone 37.4 " 50.0 74.X 70-130 

LCS (F.F.50205-BSI) Prepared & Analyzed 05/02/05 

Gasoline Range Organics C6-C12 • i l l 10.0 mg/kg wet 500 82.2 75-125 

Diesel Range Organics >C12-C35 444 10.0 500 88.8 75-125 

Total 1 lydrocarbon C6-C35 855 10.0 1000 85.5 75-125 

Surrogate: l-Chlarooctane 50.0 71.1 7(1-130 

Surrogate: l-( llilorooclodceane 3<J. 8 " 50.0 7'X(< 711-130 

Cal ib ra t ion Check (EK50205-CCV1) Prepared & Analyzed 05/02/05 

Gasoline Range Organics C6-C12 428 mg/kg 500 85.6 80-120 

Diesel Range Organics >CI2-C35 520 » 500 104 80-120 

Total Hydrocarbon C6-C35 918 1000 94.8 80-12(1 

Surrogate: l-Chlorooclane 46 4 ... . .. 50.0 02.8 70-/.?// 

Surrogate: 1-Clilortioeladeeane 3S.2 50.0 76.1 70-130 

M a t r i x Spike (F.E50205-MSI) Source: 5F.02002-01 Prepared & Analyzed 05/02/05 

Gasoline Range Organics 06-C 12 411 10.0 mg/kg dry 503 ND 81.7 75-125 

Diesel Range Organics >C!2-C35 545 10.0 503 NO I0S 75-125 

Total Hydrocarbon C6-C35 956 10.0 1010 ND 94.7 75-125 

Surrogate: l-Chlorooelane •10.7 •ng'kg ~~50.0 ST.4 70-130 

Surrogate: t'-('Mhroucladeeane 36.1 " 50.0 72.2 70-13/1 

M a t r i x Spike Dup (FE50205-MSD1) Source: SE02002-01 Prepared & Analyzed' 05/02/05 

Gasoline Range Organics C6-CI2 495 10.0 mg/kg dry 503 ND 98.4 75-125 18.5 20 

Diesel Range Organics >CI2-C35 523 too 503 ND 104 75-125 4.12 20 

Total 1 lydtocnrnon C6-C35 1020 10.0 IOIO ND 101 75-125 6.48 20 

Surrogate: 1 -Chlorooctane -12.0 mg-'kg 50.0 84.11 70-1311 

Surrogate: /-('.hhirooetadecane 35.8 50.0 71.6 70-130 

Environmental Lab of! exas •/-/„. m v „ t e ,„ , h i s K p o r l a p p l y „, l h e m m p l e s „„„/,,-„/ ,„ „,•,;„(„„.„.,•//, ,/„• ^ 
received in lhe laboratory. This analylieal report must he reproduced in its entirely. 

Willi written approval ofl-jivirtminentnl I . oh o f Texas. •, . . . . . 
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WHOLE EARTH ENVIRONMENTAL Project: Devon 
Fax: (2SI)3v4-205l 

2103 Arbor Cove Project Number. Dickinson Battery Reported: 

katy TX, 77404 Project Manager: Mik e Griffin 05/05/05 12:51 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Reporting Spike Source %KF.C RPD 

Analyte Result Limit Units Level Result %REC Limits Rl'l) limit Notes 

Batch Li:50306 - EPA 5030C (GC) 

Blank (!• KS0306-BLKI) Prepared & Analyzed: 05/03/05 

Benzene ND 0.0250 mg/kg, wet 

Toluene ND 0.0250 

Ethylbenzene ND 0.0250 

Xylene (p'ui) ND 0.0250 

Xylene (o) ND 0.0250 

Surrogate: 0,0,0-1 rijluorololuene S7.fi "gtg 100~ "" S7.fi S0-I20 

Surrogate: 4-liromoJluorobenzette 94.7 " 100 94.7 SO-120 

I.CS(i;i:50306-BSl) Prepared & Analyzed: 05/03/05 

Benzene 86.9 ug/kg 100 86.9 SO-120 

Toluene 90.9 

•• 
100 90.9 80-120 

Ethylbenzene 91.8 100 91.S 80-120 

Xylene (pMn) 208 200 104 80-120 

Xylene (0) 99.3 100 99.3 80-120 

Surrogate: 0.0.0-Tr'tJluorololuene Tol 100 104 S0-T20 

Surrogate: 4-liroiltuJhiorobenzeae 117 100 117 SO-120 

Cal ib ra t ion Check ( E E 5 0 3 0 6 - C C V I ) 

Benzene 

Toluene 

Ethylbenzene 

Xylene (p/m) 

Xylene (o) 

Surmgote: a.o.ti-l'rifluorololueiie 

Surrogate: 4-HrtnuoJluorohenzeue 

M a t r i x Spike (ET.50306-MS1) 

Benzene 

Toluene 

EthyllHaizcnc 

Xylene (p'm) 

Xylene (o) 

Surrogate: a.a.u-Trifluarataluene 

Surrogate: 4-llraruofluorubenzene 

Prepared: 05/03/05 Analyzed: 05/04/05 
86.1 

87.3 

82.6 

178 

85.5 

99. S 

SS.O 

ug/kg 

Source: 5D29014-02 

90.6 

93.5 

93.6 

211 

101 

~loi~ 
IOC. 

ug/kg 

100 

100 

100 

200 

100 

100 

100 

86.1 

87.3 

82.6 

89.0 

85.5 

99. S 

SS.O 

80-120 

80-120 

80-120 

80-120 

80-120 

SO-120 

SO-120 

Prepared: 05/03/05 Analyzed. 05/04/05 
100 ND 90.6 80-120 

100 ND 93.5 80-120 

100 ND 93.6 80-120 

200 ND 106 80-120 

100 ND 101 80-120 

loo 101 SO-120 

100 106 SO-120 

Environmental Lab of Texas Tht! results in this report apply fa the samples analyzed in accordance with the sample* 

received in the laboratory. This analytical report must he. reproduced in Us entirety, 

with written approval of Kmironmentni /.ah oJ"l'exn\. P'ige 6 o f 9 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Fax:(281)394-2051 

2103 ArliorCove Project Number: Dickinson Battery Reported: 

KalyTX. 77494 Project Manager. Mike Griffin 05/05/05 12:51 

Organics by GC - Quality Control 

Environmental Lab of Texas 

Repotting Spike Source %RI;C RIM) 

Analyte Result Limit Units Level Result %RI-:C Limits RI'D Limit Notes 

Batch 1X50306 - EPA 5030C (GC) 

Matrix Spike Dup (LF.50306-MSO1) Source: 5029014-02 Prepared & Analyzed: 05/03/05 

Benzene 83.2 ug/kg 100 NO 83.2 80-120 8.52 20 

Toluctte 85.0 100 ND 85.0 80-120 9.52 20 

Iitliylbcnzene 82.2 100 ND 82.2 S0-I20 13.0 20 

Xylene (p'ui) 182 200 ND 91.(1 80-120 15.2 20 

Xylene (o) 88.5 100 ND 88.5 80-120 13.2 20 

Surrogate: a.a.a-TriJIuiirotaltiene ~V6.0 " l'ol)~ '26.0 SO-120 

Surrogate: -t-lirtmiojhtorobenzene 11} 100 IB Stl-120 

1 -.nvironmcnta! Lab of 1 exas m , n,sults i n ( h j s n,porl u p p t y l o lhi, s a m p ! c s {Wt]!yzCit ,„ (lccordom-e „•„/, ,/„. Stwwks 
received in (he laboratory. This analytical report must he reproduced in its entirely, 
with written approval of Environmental Lah oj 'Texas. 

Page 7 of9 

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



WHOLE EARTH ENVIRONMENTAL Project: Devon l ax: (2SI1394-2051 

2103 Arbor Cove Project Number: Dickinson Battery !U-(uirtv<l: 

KalyTX. 77494 Project Manager. Mike Griffin 05/05/1)5 12:51 

General Chemistry Parameters by EPA / Standard Methods - Quality Control 

Environmental Lab of Texas 

Reporting Spike- -Soincc %Ri:r RI'l.) 

Analyte Result Limit Units Level Result %REC Limits KIT) Limit Notes 

Batch EE5Q301 - General Preparation (Prep) 

Blank (EE50301-BLK1) Prepared. 05/02/05 Analyzed: 05/03/05 

% Moisture ND 0.1 % 

puplicu(c(I':K50301-DllP2) Source: SE02002-OI Prepared: 05/02/05 Analyzed: 05/03/05 

% Moisture 0.5 0.) % 0.5 0.00 20 

Hatch EE50410 - Water Extraction 

Blank (F.E50410-BLKI) 
Chloride 

I.CS(F.L50410-BSI) 

Chloride 

Calibration Cltcck (F.E50410 C C V l ) 

Chloride 

Duplicate (EK50410-DUPI) 

Chloride 

10 5 

10.6 

0.500 mg/kg 

n ig /L 

mg/L 

Source: SE02020-01 
383 20.0 mg/kg 

Prepared & Analyzed: 05/04/05 

Prepared & Analyzed: 05/04/05 
10.0 105 80-120 

Prepared & Analyzed: 05/04/05 
10.0 106 80-120 

Prepared & Analyzed: 05/04/05 

385 0.521 20 

Environmental Lab of I Cxas •//,,. results in this report apply to tin' samples analyzed in accordance with the samples 
received in lhe laboratory. This analytical report must lie reproduced in its entirety, 
w ith written approval ofl-lnvirtminenlol Lah of'lexa*. P'toy 8 o f 9 

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



Analytical Report 
Prepared for ; 

Mike Griffin 

WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy, TX 77494 

Project: Devon Dickinson Lease 

Project Number: None Given 

Location: Lea County, New Mexico 

Lab Order Number: 5E13026 

Report Date: 05/17/05 



WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy TX, 77494 

Project: Devon Dickinson Lease 

Project Number: None Given 

Project Manager: Mike Griffin 

Fax:(281)394-2051 

Reported: 

05/17/05 09:52 

A N A L Y T I C A L R E P O R T F O R S A M P L E S 

Sample If) Laboratory ID Matrix Date Sampled Date Received 

BL-1 5E13026-01 Soil 05/12/05 16:00 05/13/05 11:40 

BL-2 5E13026-02 Soil 05/12/05 16:00 05/13/05 11:40 

BL-3 5E13026-03 Soil 05/12/05 16:00 05/13/05 11:40 

BL-4 5E13026-04 Soil 05/12/05 16:00 05/13/05 11:40 

BL-4A 5E13026-05 Soil 05/12/05 16:00 05/13/05 11:40 

Clay- QC 5E13026-06 Soil 05/12/05 16:00 05/13/05 11:40 

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

Page 1 of4 



WHOLE EARTH ENVIRONMENTAL Project: Devon Dickinson Lease 
i 2103 Arbor Cove Project Number: None Given 
j Katy TX, 77494 Project Manager: Mike Griffin 

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

Analyte Result 
Reporting 

Limit Units Dilution Batch Prepared Analyzed Method Note; 

BL-1 (5E13026-01) Soil 

Chloride 428 10.0 mg/kg 20 EES 1607 05/14/05 05/16/05 EPA 300.0 

BL-2 (5E13026-02) Soil 

Chloride 434 10.0 mg/kg 20 EE51607 05/14/05 05/16/05 EPA 300.0 

BL-3 (5E13026-03) Soil 

Chloride 357 10.0 mg/kg 20 EE51607 05/14/05 05/16/05 EPA 300.0 

BL-4 (5E13026-04) Soil 

Chloride 544 10.0 mg/kg 20 F.E51607 05/14/05 05/16/05 EPA 300.0 

BL-4 A (5E13026-05) Soil 

Chloride 367 10.0 mg/kg 20 EE51607 05/14/05 05/16/05 EPA 300.0 

Clay- QC (5E13026-06) Soil 

^ ^ ^ - i d e 189 10.0 mg/kg 20 EE51607 05/14/05 05/16/05 EPA 300.0 

Fax: (281)394-2051 

Reported: 
05/17/05 09:52 

vironmental Lab Of Texas The results in this report apply ro the samples analyzed in accordance with the samples 
received in lhe laboratory. This analytical report must be reproduced in its entirely. 
with written approval of Environmental Lab of Texas „ 

Page 2 of 4 
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WHOLE EARTH ENVIRONMENTAL 
2103 Arbor Cove 
Katy TX, 77494 

Project: Devon Dickinson Lease 
Project Number: None Given 
Project Manager: Mike Griffin 

Fax:(281)394-2051 

Reported: 

05/17/05 09:52 

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

Analyte Result 
Reporting 

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

RPD 
Limit Notes 

Batch EE51607 - Water Extraction 

Blank (EE51607-BLK1) 

Chloride ND 0.500 mg/kg 

Prepared: 05/14/05 Analyzed: 05/16/05 

LCS (EE51607-BS1) 

Chloride 10.4 
-

mg/L 

Prepared: 05/14/05 Analyzed: 05/16/05 

10.0 104 80-120 

Calibration Check (EE51607-CCV1) 

Chloride 10.5 mg/L 

Prepared: 05/14/05 Analyzed: 05/16/05 

10.0 105 80-120 

Duplicate (EE51607-DUP1) Source: 5E13025-25 Prepared: 05/14/05 Analyzed: 05/16/05 

Chloride 7690 1000 mg/kg 7760 0.906 20 

i vironmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratoiy. This analytical report must be reproduced in ils entirety, 
with written approval of Environmental Lab of Texas „ 

Page 3 of4 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Dickinson Lease ' ' ' a x ; ( 2 8 1 ) 394-2051 

2103 Arbor Cove Project Number: None Given Reported: 

Katy TX, 77494 Project Manager: Mike Griffin 05/17/05 09:52 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory' Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: fC.Oo. CVVA <3vvfvJD Date: - H - O S 

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

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

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

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

Page 4 of 4 
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Analytical Report 
Prepared for; 
Darrell Glueck 

WHOLE EARTH ENVIRONMENTAL 

2103 Arbor Cove 

Katy, TX 77494 

Project: Devon Dickinson Lease 

Project Number: None Given 

Location: Lea County, NM 

Lab Order Number: 5F13009 

Report Date: 06/16/05 



WHOLE EARTH ENVIRONMENTAL 
2103 Arbor Cove 
KatyTX, 77494 

Project: Devon Dickinson Lease 
Project Number: None Given 
Project Manager: Darrell Glueck 

Fax:(281)394-2051 

Reported: 
06/16/05 11:13 

A N A L Y T I C A L R E P O R T F O R SAMPLES 

Sample ID Laboratory ID Matrix Date Sampled Date Received 

Backfill +3 

Backfill 0 (Surface) 

Backfill -3 

Backfill -6 

Backfill -9 

5F13009-01 

5F13009-02 

5F13009-03 

5F13009-04 

5F13009-05 

Soil 

Soil 

Soil 

Soil 

Soil 

06/10/05 09:50 

06/10/05 09:45 

06/10/05 09:50 

06/10/05 09:35 

06/10/05 09:40 

06/10/05 16:42 

06/10/05 16:42 

06/10/05 16:42 

06/10/05 16:42 

06/10/05 16:42 

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

Page 1 Off 



WHOLE EARTH ENVIRONMENTAL Project: Devon Dickinson Lease 
Fax:(281)394-2051 

2103 Arbor Cove Project Number: None Given Reported: 

KatyTX, 77494 Project Manager: Darrell Glueck 06/16/05 11:13 

Organics by GC 

Environmental Lab of Texas 

Reporting 
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Note; 

Backfill +3 (5F13009-01) Soil 

Gasoline Range Organics C6-CI2 154 10.0 mg/kg dry 1 EF51309 06/13/05 06/14/05 EPA 8015M 

Diesel Range Organics >C12-C35 1260 10.0 I t » 

Total Hydrocarbon C6-C35 1410 10.0 » " 

Surrogate: 1-Chlorooctane 96.0 % 70-130 » " 

Surrogate: 1-Chlorooctadecane 123 % 70-130 " " " 

Backfil l 0 (Surface) (5F13009-02) Soil 

Gasoline Range Organics C6-C12 34.0 10.0 mg/kg dry ] EF51309 06/13/05 06/14/05 EPA 8015M 

Diesel Range Organics >C12-C35 231 10.0 i t 

Total Hydrocarbon C6-C35 265 10.0 I i » M 

Surrogate: 1-Chlorooctane 94.2 % 70-130 » " 

Surrogate: 1-Chlorooctadecane 107 % 70-130 " " 

Backfill -3 (5F13009-03) Soil 

Gasoline Range Organics C6-C12 125 10.0 mg/kg dry l EFS1309 06/13/05 06/14/05 EPA 8015M 

Diesel Range Organics >C12-C35 979 10.0 " » 

^ >l Hydrocarbon C6-C35 1100 J0X) " 

Jrrogate: 1-Chlorooctane 89.2 % 70-130 

Surrogate: 1-Chlorooctadecane 114 % 70-130 

Backfill -6 (5F13009-04) Soil 

Gasoline Range Organics C6-C12 14.4 10.0 mg/kg dry l EF51309 06/13/05 06/14/05 EPA8015M 

Diesel Range Organics >C12-C35 123 10.0 " I t " 

Total Hydrocarbon C6-C35 137 10.0 « i t „ 

Surrogate: 1-Chlorooctane 88.8% 70-130 It 

Surrogate: 1-Chlorooctadecane 103% 70-130 " " 

Backfill -9 (5F13009-05) Soil 

Gasoline Range Organics C6-C12 34.0 10.0 mg/kg dry l EF51309 06/13/05 06/14/05 EPA 8015M 

Diesel Range Organics >C12-C35 259 10.0 f f 

Total Hydrocarbon C6-C35 293 10.0 « 

•• 
" „ 

Surrogate: 1-Chlorooctane 90.8% 70-130 

Surrogate: 1-Chlorooctadecane 104% 70-130 

•vironmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in Us entirely, 
with written approval ojEnvironmental Lab ol Texas „ „ , 

Page 2 of 6 
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WHOLE EARTH ENVIRONMENTAL Project: Devon Dickinson Lease Fax:(281)394-2051 

2103 Arbor Cove Project Number: None Given Reported: 

KatyTX, 77494 Project Manager: Darrell Glueck 06/16/05 11:13 

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

Reporting 
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Note; 

Backfill +3 (5F13009-01) Soil 

Chloride 621 10.0 mg/kg 20 EF51507 06/14/05 06/14/05 EPA 300.0 

% Moisture 7.8 0.1 % 1 EF5140I 06/13/05 06/14/05 % calculation 

Backfill 0 (Surface) (5F13009-02) Soil 

Chloride 122 5.00 mg/kg 10 EF51507 06/14/05 06/14/05 EPA 300.0 

% Moisture 15.7 0.1 % 1 EF51401 06/13/05 06/14/05 % calculation 

Backfill -3 (5F13009-03) Soil 

Chloride 521 10.0 mg/kg 20 EF51S07 06/14/05 06/14/05 EPA 300.0 

% Moisture 6.8 0.1 % 1 EF51401 06/13/05 06/14/05 % calculation 

Backfill -6 (5F13009-04) Soil 

Chloride 163 5.00 mg/kg 10 EF5I507 06/14/05 06/14/05 EPA 300.0 

% Moisture 7.5 0.1 % 1 EF51401 06/13/05 06/14/05 % calculation 

TPH 418.1 1450 10.0 mg/kg dry 10 EF51409 06/14/05 06/14/05 EPA418.1 

" - k f i l l -9 (5F13009-05) Soil 

HEoride 170 5.00 mg/kg 10 EF51507 06/14/05 06/14/05 EPA 300.0 

^oMoisture 10.7 0.1 % 1 EFS1401 06/13/05 06/14/05 % calculation 

TPH 418.1 2780 10.0 mg/kg dry 10 EF51409 06/14/05 06/14/05 EPA418.I 

wironmental Lab of Texas 77;e results in this report apply to the samples attained in accordance with the samples 
received in the laboratory. This analytical report must be reproduced in Us entirely, 
with wrilien approval of Environmental Lab of Texas. „ „ 

Page J of 6 

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



WHOLE EARTH ENVIRONMENTAL 
2103 Arbor Cove 
KatyTX, 77494 

Project: Devon Dickinson Lease 
Project Number: None Given 
Project Manager: Darrell Glueck 

Fax: (281)394-2051 

Reported: 

06/16/05 11:13 

Organics by GC - Quality Control 
Environmental Lab of Texas 

Analyte Result 
Reporting 

Limit Units 
Spike 
Level 

Source 
Result %REC 

%REC 
Limits RPD 

RPD 
Limit Notes 

Batch EF51309 - Solvent Extraction (GC) 

Blank (KF51309-BLK1) Prepared: 06/13/05 Analyzed: 06/14/05 

Gasoline Range Organics C6-C12 ND 10.0 mg/kg wet 

Diesel Range Organics >C12-C35 ND 10.0 " 
Total Hydrocarbon C6-C35 ND 10.0 " 
Surrogate: 1-Chlorooctane 35.3 mg/kg 50.0 70.6 70-130 

Surrogate: 1-Chlorooctadecane 36.8 50.0 73.6 70-130 

LCS (EF51309-BS1) Prepared & Analyzed: 06/13/05 

Gasoline Range Organics C6-C12 410 10.0 mg/kg wet 500 82.0 75-125 

Diesel Range Organics >C12-C35 408 10.0 500 81.6 75-125 

Total Hydrocarbon C6-C35 818 10.0 " 1000 81.8 75-125 

Surrogate: 1-Chlorooctane 

Surrogate: 1 -Chlorooctadecane 

41.9 

37.6 

mg/kg 50.0 

50.0 

83.8 

75.7 

70-130 

70-130 

Calibration Check. (EF51309-CCV1) 

Gasoline Range Organics C6-C12 

Diesel Range Organics >CI2-C35 

Toial Hydrocarbon C6-C35 

Surrogate: 1-Chlorooctane 

ogate: 1-Chlorooctadecane 

^ ^ r i x Spike (EF513J09-MS1) 

Gasoline Range Organics C6-C12 

Diesel Range Organics >CI2-C35 

Total Hydrocarbon C6-C35 

Surrogate: 1-Chlorooctane 

Surrogate: 1 -Chlorooctadecane 

Matr ix Spike Dup (EF51309-MSD1) 

502 

571 

1070 

55.tT 

56.1 

mg/kg 

Prepared: 06/13/05 Analyzed: 06/14/05 
100 

114 

107 

11 f 

112 

500 

500 

1000 

50.0 

50.0 

80-120 

80-120 

80-120 

70-130 

70-130 

Source: 5F13010-01 Prepared: 06/13/05 Analyzed: 06/14/05 

557 

575 

1130 

10.0 mg/kg dry 

10.0 

10.0 

62.5 

63.5 

mg/kg 

522 ND 107 75-125 
522 ND 110 75-125 
1040 ND 109 75-125 

50.0 m" ~ 70-130 

50.0 127 70-130 

Source: 5F13010-01 Prepared: 06/13/05 Analyzed: 06/14/05 
Gasoline Range Organics C6-C12 587 10.0 mg/kg dry 522 ND 112 75-125 5.24 20 
Diesel Range Organics >C12-C35 571 10.0 522 ND 109 75-125 0.698 20 
Total Hydrocarbon C6-C35 1160 10.0 " 1040 ND 112 75-125 2.62 20 

Surrogate: I-Chlorooctane 62.6 mg/kg 50.0 125 70-130 
Surrogate: 1 -Chlorooctadecane 64.4 •• 50.0 129 70-130 

nvironmental Lab of Texas 

• 

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

Page 4 of 6 
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WHOLE EARTH ENVIRONMENTAL 
2i03 Arbor Cove 
Katy TX, 77494 

Project: Devon Dickinson Lease 
Project Number: None Given 
Project Manager: Darrell Glueck 

Fax:(281)394-2051 

Reported: 
06/16/05 11:13 

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

Analyte Result 
Reporting 

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

RPD 
Limit Notes 

Batch EF51401 - General Preparation (Prep) 

Blank (EF51401-BLK1) 
% Moisture ND 0.1 % 

Prepared: 06/13/05 Analyzed: 06/14/05 

Duplicate (EF51401-DUP1) Source: 5F13001-01 Prepared: 06/13/05 Analyzed: 06/14/05 
% Moisture 7.1 0.1 % 6.9 2.86 20 

Batch EF51507 - Water Extraction 

Blank (EF51507-BLK1) 
Chloride 

LCS (EFS1507-BS1) 
Chloride 

CaHbration Check (EF51507-CCV1) 
Chloride 

Duplicate (EF51507-DUP1) 
Chloride 

Prepared & Analyzed: 06/14/05 
ND 0.500 mg/kg 

11.4 

Prepared & Analyzed: 06/14/05 
114 80-120 mg/L 10.0 

Prepared & Analyzed: 06/14/05 
11.3 mg/L 10.0 113 80-120 

Source: 5F13006-04 Prepared & Analyzed: 06/14/05 
586 10.0 mg/kg 573 2.24 20 

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

Page 5 of 6 

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



WHOLE EARTH ENVIRONMENTAL Project: Devon Dickinson Lease Fax:(281)394-2051 

2103 Arbor Cove Project Number: None Given Reported: 

KatyTX, 77494 Project Manager: Dan-ell Glueck 06/16/05 11:13 

Notes and Definitions 

DET Analyte DETECTED 

ND Analyte NOT DETECTED at or above the reporting limit 

NR Not Reported 

dry Sample results reported on a dry weight basis 

RPD Relative Percent Difference 

LCS Laboratory Control Spike 

MS Matrix Spike 

Dup Duplicate 

Report Approved By: L^ Date: 

Raland K. Turtle, Lab Manager 
Celey D. Keene, Lab Director, Org. Tech Director 
Peggy Allen, QA Officer 

Jeanne Mc Murrey, Inorg. Tech Director 
LaTasha Cornish, Chemist 
Sandra Sanchez, Lab Tech. 

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

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