
District I 
1625 N. French Dr., Hobbs, NM 88240 
District II 
1301 W. Grand Avenue, Artesia, NM 88210 
District 111 
1000 Rio Brazos Road, Aztec, NM 87410 
District IV 
1220 S St Francis Dr., Santa Fe, NM 87505 

State of New Mexico 
Energy Minerals and Natural Resources 

Oil Conservation Division 
1220 South St. Francis Dr. 

Santa Fe, NM 87505 

Form C-141 
Revised October 10, 2003 

ubmit 2 Copies to appropriate 
District Office in accordance 

with Rule 116 on back 
side of form 

Release Notification and CorrectiveWction 
O P E R A T O R I I Initial Report Final Report 

Name of Company Apache Corporation Contact Travis Carncs 
Address P.O. Drawer D, Monument, NM 88265 Telephone No. (432) 425-2962 

Facility Name State Q Battery ^ f ^ ^ 1 Facility Type Production 

Surface Owner State of New Mexico Mineral Owner Apache Corporation UseasTNa 035591 

Apt 3o<azS ©fcdfc LOCATION OF RELEASE 
Unit Letter Section Township Range Feet from the North/South Line Feet from the East/West Line County 

J 16 20S 37E 1980 South 2310 East Lea 

Latitude 32.57059 Longitude -103.25415 

NATURE OF RELEASE 
Type of Release Produced Water Volume of Release UNK 

Estimate 6-24 Bbls 
Volume Recovered 5 Bbls 

Source of Release Water discharge line Date and Hour of Occurrence Date and Hour of Discovery 
Was Immediate Notice Given? 

• Yes • No 13 Not Required 
If YES, To Whom? 

By Whom? Date and Hour 
Was a Watercourse Reached? 

• Yes ^ No 
If YES, Volume Impacting the Watercourse. 

If a Watercourse was Impacted, Describe Fully.' 

No watercourse was impacted 

Describe Cause of Problem and Remedial Action Taken.* 
Corrosion caused a failure in the integrity of the water pump discharge line. The pumper isolated the leak, shut down the wells, and called a vacuum 

truck. The vacuum truck recovered 5 Bbls produced water. A roustabout gang repaired the line & returned it to service. 

Describe Area Affected and Cleanup Action Taken.* 
The release was contained inside the berm of the battery and was restricted to the area around the production equipment. The approximate size of the 

spill footprint was 1700 ft 2 . Chloride from the release of produced water at the State Q Battery (recent & historic) may enter ground water but will not 
cause a measurable increase in ground water chloride concentration. No action is required to protect fresh water, public health, the environment, property 
or human safety. 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to NMOCD rules and 
regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger 
public health or the environment. The acceptance of a C-141 report by the NMOCD marked as "Final Report" does not relieve the operator of liability 
should their operations have failed to adequately investigate and remediate contamination that pose a threat to ground water, surface water, human health 
or the environment. In addition, NMOCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other 
federal, state, or local laws and/or regulations. 

Signature: 

Printed Name: Travis Carries 

Title: Production Foreman 

E-mail Address: travis.carnes@usa.apachecorp.com 

Date: 4/7/09 Phone: 432-425-2962 

OIL CONSERVATION DIVISION 

Approved by District Supervi 

Approval Date: 

Conditions of App: 

* Attach Additional Sheets I f Necessary aamonai sneers i i iNecessary z r \ / 



District 1 
1625 N. French Dr., Hobbs. NM 88240 
DilfrictJI 
1301 W Grand Avenue, Artesia. NM 88210 
District ID, 
1000 Rio Brazos Road. Aztec, NM 87410 
District IV 
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State of New Mexico 
Energy Minerals and Natural Resources 

Oil Conservation Division 
1220 South St. Francis Dr. 

Santa Fe, NM 87505 

Form C-141 
Revised October 10, 2003 

Submit 2 Copies to appropriate 
Distnct Office in accordance 

with Rule 116 on back 
side of form 

Release Notification and Corrective Action 
OPERATOR E Initial Report Q Final Report 

Name of Company Apache Corporation Contact Travis Carries 
Address P.O. Drawer D, Monument, N M 88265 Telephone No. (432)425-2962 
Facility Name State 0 Battery Facility Type Production 

Surface Owner State of New Mexico Mineral Owner Apache Corporation Lease No. 035591 

LOCATION OF RELEASE 
Unit Letter Section Township Range Feet from the North/South Line Feet from the East/West Line County 

; 16 20S 37E 1980 South 2310 East Lea 

Latitude 32.57059 Longitude -103.25415 

NATURE OF RELEASE 
Type of Release Produced water Volume of Release UNK 

Estimate 6-24 Bbls 
Volume Recovered 5 Bbls 

Source of Release Water discharge line Date and Hour of Occurrence 
1/20/09-AM 

Date and Hour of Discovery 
1/20/09- 11:00 AM 

Was Immediate Notice Given? 
• Yes D N o H Not Required 

If YES, To Whom? 

By Whom? Date and Hour 
Was a Watercourse Reached? 

• Yes M No 
I f YES, Volume Impacting the Watercourse. 

If a Watercourse was Impacted, Describe Fully.* 

No watercourse was impacted 

Describe Cause of Problem and Remedial Action Taken.* 
Corrosion caused a failure in the integrity of the water pump discharge line. The pumper isolated the leak, shut down the wells, and called a vacuum 

truck. The vacuum truck recovered 5 Bbls produced water. A roustabout gang repaired the line & returned it to service. 

Describe Area Affected and Cleanup Action Taken.* 
The release was contained inside the berm of the battery and was restricted to the area around the production equipment. The approximate size of the 

spill footprint was 1700 ft2. Impact to ground water and/or environment is being investigated as described in the attachment.. 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to NMOCD rules and 
regulations all operators are required to report and/or file certain release noti flcations and perform corrective actions for releases which may endanger 
public health or the environment. The acceptance of a C-141 report by the NMOCD marked as "Final Report" does not relieve the operator of liability 
should their operations have failed to adequately investigate and remediate contamination that pose a threat to ground water, surface water, human health 
or the environment. In addition, NMOCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other 
federal, suite, or local laws and/or regulations. 
. . . , — 7 . . . g _ . ' T - 1 

Signatures— "p7(Zc, / j -

OIL CONSERVATION DIVISION 

Approved by District S u p e r v i s o j ^ ^ - ^ S — j f l / C / 
Printed Name: Travis Carnes 

OIL CONSERVATION DIVISION 

Approved by District S u p e r v i s o j ^ ^ - ^ S — j f l / C / 

Title: Production Foreman Approval Date: Expiration Date-

E-mail Address: travis.carnes@usa.apachecorp.com Conditions of Approval: 
Attached • 

Date: 1/21/09 Phone:432-425-2962 

Conditions of Approval: 
Attached • 

* Attach Additional Sheets I f Necessary 

RECEIVED 
FEB 0 3 2009 

__HOBBSOCD 



February 3, 2009 

Mr. LW. Hill 
NMOCD District 1 
1625 N. French Drive 
Hobbs, New Mexico 88240 
Via Email and FEDEX 

RE: Apache Corporation State Q Battery 
Notice of Release T20S, R37E Section 16 UL J, Lat 32.57059 Long -103.25415 

Dear Mr. Hill: 

Attached to this letter is our original C-141 for a minor release at the above-referenced site. 
Under separate cover, R.T. Hicks Consultants, Ltd. will submit our final report that uses API's 
Amigo produced water spill tool to help evaluate the environmental impact. Because this 
release was quite small, we were not surprised to see that the evaluation determined that 
the residual chloride in soil does not pose a threat to fresh water or the environment. 

Apache believes that the Amigo decision tool can help us to focus our environmental efforts 
on sites that require action and eliminate unnecessary responses. Because we anticipate 
using the Amigo tool for larger spills (although we hope such a need does not arise), Hicks 
Consultants has volunteered to meet with NMOCD in Hobbs to present their findings and 
conclusions and address any questions. We look forward to working with you. 

Sincerely, 
Apache Corporation 

Travis Carnes 

RECEIVE D 
FEB O.'-j ?ii(IS 

HOBBSOCD 



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

March 31 2009 

Mr. Larry Johnson 
NMOCD District 1 
1625 N. French Drive 
Hobbs, New Mexico 88240 

RE: Apache Corporation State Q Battery 
Amendment to Final Report 

Dear Mr. Johnson: 

Apache Corporation requested R.T. Hicks Consultants amend the previously-submitted 
report to include new data that Apache collected at your request. 

Release Characteristics 

We have amended Plate 2 to show the laboratory results of all sampling. The most recent 
sampling (see Appendix A of this submission) shows: 

1. The chloride concentration at BH-1 is 80 mg/kg at 3-feet below grade 
2. Chloride concentrations at BH-4 show additional evidence of past releases at this 

location 
3. Background chloride in soil is less than 16 mg/kg. 

Chloride Mass in the Unsaturated Zone 

Plate 2 shows the release footprint and sample locations. The recent data showing evidence 
of historic releases does not change the original estimate of chloride mass for the most 
recent release. The Massload calculation submitted previously remains 

• 0.17 kg/m2 based upon release volume estimate and chloride in the release 
and 

• 0.19 kg/m2 using the most representative soil boring data for the recent 
release 

However, inclusion of the recently-acquired data affords a higher degree of certainty 
regarding the threat to ground water posed by historic releases of produced water. 

As we stated in the previous submission, Massload requires that data from borings show a 
decrease of chloride concentration with depth. New data from BH-1 at 3-feet below grade 
(80 mg/kg) eliminates the need to assume a chloride concentration of 230 mg/kg at a depth 
of 3-feet. 

The additional sampling at BH-4 shows chloride concentrations in soil from 0-4 feet range 
from about 500 mg/kg to about 800 mg/kg. Below 4 feet to a depth of 8 feet, chloride 
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concentrations range from 320 to 400 mg/kg. From these data we conclude that historic 
releases probably pooled in the area of BH-4 and in the area of BH-3, resulting in chloride 
concentrations ranging from 320 to 400 mg/kg from below the depth of 4-feet to the 
capillary fringe (about 18 feet below grade) at both boring locations. 

For the purpose of estimating the total chloride load using Massload, we used the values 
presented in Table 1 below. 

Table 1 

Chloride Concentration Profiles, Chloride in mg/kg. 
Extrapolated Values in Yellow. 

Depth 
[feet] BH-4 BH-3 BH-2 BH-1 Average 

0 592 304 248 . 192 334 
1 592 304 248 192 334 

1.5 592 304 148 192 309 
2 592 592 48 192 356 

2.5 496 496 48 240 320 
3 816 816 48 80 440 
4 784 784 48 80 424 

4.5 352 352 48 80 208 
5 368 368 48 80 216 
6 400 400 48 80 232 

6.5 320 320 48 80 192 
7 400 400 48 80 232 
8 368 368 48 80 216 
18 368 368 48 80. 216 

All of the values highlighted in yellow represent the concentration we believe exist in the 
subsurface based upon the sampling and our professional judgment. At BH-4, the average 
chloride concentration over the depth interval of 4.5-7 feet is 368 mg/kg, therefore we used 
this value for the concentration at 8 and 18 feet. Because shallow chloride concentration 
from BH-3 is similar to (albeit less than) BH-4, we assumed in Massload that the deep 
chloride concentration profile for BH-3 is also similar. For BH-2 and BH-1, we assumed 
that the chloride values of 48 and 80 will be constant between the deepest sample and 
ground water. The Massload spreadsheet showing the calculation of mass is presented in 
Appendix B of this submission. The compact disc provides a copy of the Massload Excel 
spreadsheet for the site. 

Chloride Mass Input for Amigo 
The revised calculation presented in the Massload program allows us to conclude 
that the total mass per unit area is not 0.57 kg/m2, as previously estimated. The 
new data input to Massload calculate a total chloride mass of 2.35 kg/m2. 
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Texture of the Unsaturated Zone 
The surface texture input of caliche remains consistent with the more recent results. 
However, the deeper samples show fine sand rather than medium sand from 3-7 feet. The 
chloride concentration profile also suggests that the texture of the unsaturated zone 
between 3-7 feet is consistent with a finer-grained texture than medium sand. 

Unsaturated Zone Input for Amigo 
The new data allow us to conclude that employing a texture for the unsaturated 
zone consisting of 1 part caliche and 5 parts medium sand provides the closest 
match to observations in the field. 

Data Evaluation Using Amigo - Most Probable Scenario 

The revised Amigo report (Appendix C) generated by the input of the data identified above 
and in the previous submission is the predicted chloride concentration in a hypothetical 
monitoring well located at the down gradient edge of the release site. 

Using the new data from BH-4 and the conservative assumptions built-into Amigo, the tool 
predicts that the chloride mass at the site caused by the historic releases will migrate to 
ground water and result in no impact to ground water (see Figure 1 below). 

Figure 1 
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Data Evaluation Using Amigo - Worst Case Scenario 
The additional data demonstrate that using "medium sand" as the surface texture and 
vadose zone does not agree with the observations of texture in the field (caliche, sand and 
clay in the upper 4-6 feet underlain by fine sand). Additionally, because of the introduction 
of the new data into Amigo, we could not create a reasonable match between chloride v. 
depth profiles and the observed values in the field i f "medium sand" is used for the texture 
of the unsaturated zone between 0-7 feet. 

Figure 2: Field And AMIGO Chloride Profiles 

Chloride in mg/kg 1000 

Figure 2 presents our interpretation of the chloride concentrations with depth below the 
spill footprint based upon site analyses as presented in Table 1. Also plotted on Figure 2 is 
the Amigo-generated profile for the input 
parameters outlined in Appendix D at Year 15 
of the simulation. Simulating a "worst case" 
scenario with the Amigo tool can involve 
adjusting certain input parameters such that the 
shape of the chloride v. depth profiles are 
similar but the Amigo-generated profile should 
represent a greater chloride load than measured 
in the field. The Historic Amigo Massload 
spreadsheet presented in Appendix D generated 
Figure 2 and a copy of the spreadsheet is on the 
attached compact disc. For the worst case 
scenario, all input data remain the same as the 
most probable case except 

1. 

kg/m 
kg/m3 

2. the background concentration of 
chloride in the aquifer at year 15 (the 
time of the chloride profile match) is 1500 mg/L to account for a 500 mg/L 
decrease due to natural restoration of ground water in the area. 

3. the aquifer mixing zone decreased 
from 30 to 20 feet 

4. the hydraulic conductivity of the 
aquifer decreased from 80 ft/day to 60 
ft/day 

the chloride load increased from 2.35 
- 3 (measured in the field) to 5.75 
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The output from this input to Amigo under these 
worst-case conditions suggests an increased 
chloride concentration of 25.283 mg/L 
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Discussion 

The revised predictions of Amigo show that changes in chloride concentrations beneath the 
site cannot be distinguished from natural variation of chloride concentrations in ground 
water impacted by the brine release(s) from the Climax Chemical site. 

Although AMIGO is not designed to predict the impact to ground water caused by recent 
and historic releases at a site, such is the case here; one can provide a reasonable estimate 
of the impact to ground water caused by historic releases by using the methods described in 
Appendix D. Because the tool assumes that all of the chloride in the unsaturated zone was 
released in a single spill event and migrates to ground water as a single large mass - not as 
individual releases over time, AMIIGO will generally overestimate the impact to ground 
water i f the input from Massload includes historic events. Using a "chloride profile 
matching" technique, such as described in Appendix D, can provide a reasonable estimate 
of the "worst case" scenario. 

Conclusions and Recommendation 

The conclusions from the previously-submitted report remain unchanged: 

1. Chloride from the release of produced water at the State Q Battery (recent and 
historic) may enter ground water but will not cause a measurable increase in ground 
water chloride concentration. 

2. Regulated hydrocarbons are not present in sufficient concentration to pose a threat 
to ground water quality 

3. No action is required at this active tank battery site to protect fresh water, public 
health, the environment, property or human safety. 

We respectfully request closure of the regulatory file associated with this recent release. 
Upon closure of the facility after production ceases, the operator will sample the entire site 
and re-evaluate the conclusions and recommendations presented herein. Please contact me 
if you have any questions regarding this submission. We would be pleased to meet with 
NMOCD in Hobbs to address any concerns. 

Sincerely, 
R.T. Hicks Consultants 

Randall T. Hicks 
Principal 

Copy: Apache Corporation 
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ARDINAL 
LABORATORIES 

PHONE (575) 393-2326 » 101 E. MARLAND ' HOBBS, N M B8240 

ANALYTICAL RESULTS FOR 
APACHE CORPORATION 
ATTN: TRAVIS CARNES 
P.O. DRAWER D 
MONUMENT, NM 88265 
FAX TO: (575)393-1927 

Receiving Date: 02/16/09 
Reporting Date: 02/16/09 
Project Number: NOT GIVEN 
Project Name; STATE Q BATTERY 
Project Location: NOT GIVEN 

Analysis Date: 02/16/09 
Sampling Date: NOT GIVEN 
Sample Type: SOIL 
Sample Condition: COOL & INTACT 
Sample Received By: ML 
Analyzed By: HM 

C f 
LAB NUMBER SAMPLE ID 
H16900-1 BH-1 @ 3' 80 
H16900-2 BG #3 < 16 

Quality Control 490 
True Value QC 500 
% Recovery 98.0 
Relative Percent Difference 4.0 

METHOD: Standard Methods 4500-CrB 
Analyses performed on 1:4 w:v aqueous extracts. 

Date 

PLEASE NOTE.: UaMiijy and Damages. Cardinal's liability and cfleni's exclusive remedy for any data arising, whether based In contract or tort, shall be limited to the amount paid by client tor analyses. 
All aa lmr i i r tdB@iQfJ iwRA6Jl igSce and any other cause whatsoever shall be deemed waived unless made In writing and 'received by Cardinal within thirty (30) days after completion ot the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use, or toss of profits incurred by dient. its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. Results 
relate only to the samples identified above. This report shall not be reproduced except in full wUh written approval ol Cardinal Laboratories. 
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PHONE (575) 393^2326 » 101 E. MARLAND • HOBBS. NM 88240 

LABORATORIES : 

ANALYTICAL RESULTS FOR 
APACHE CORPORATION 
ATTN: TRAVIS CARNES 
P.O. DRAWER D 
MONUMENT, NM 88265 
FAX TO: (575) 393-1927 

Receiving Date: 02/17/09 
Reporting Date: 02/18/09 
Project Number NOT GIVEN 
Project Name: STATE Q BATTERY 
Project Location: NOT GIVEN 

Analysis Date: 02/18/09 
Sampling Date: 02/17/09 
Sample Type: SOIL 
Sample Condition: INTACT 
Sample Received By: ML 
Analyzed By: HM 

Cl" 
LAB NUMBER SAMPLE ID 
H16912-1 BH-4 @ 4' ;, 784 
H16912-2 BH-4 @ 4.5' 352 
H16912-3 BH-4 @ 5' 368 

[ 

l 

, 

Quality Control 490 
True Value QC 500 
% Recovery 98.0 
Relative Percent Difference : 4.0 

METHOD: Standard Methods 4500-CrB 
Analyses performed on 1:4 w:v aqueous extracts. 

Chemist Date 

PLEASE NOTE: Liability and Damages. Cardinal's liability and client's exclusive remedy for any claim arising, whether based In contract or tort, shall Be limited to the amount paid by client for analyses. 
All clairnWl|i@@if(g3hjfliP'iA©^tt)5ice and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, wilhout limitation, business interruptions, loss of use. or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance of services horaunder by Cardinal, regardless of whether such claim Is based upon any of the above-stated reasons or otherwise. Results 
relate only to the samples identified above. This report shall not be reproduced except In full with written approval of Cardinal Laboratories. 



ARDINAL LABORATORIES 
101 East Marland, Hobbs, NM 88240 

(575) 393-2326 Fax (575) 393-2476 Page_ 

Company Name: 

Project Manager: ' T R A ) >'f, f . W * ^ 
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Project Location. 
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s iwly im Alt s i ( n - c J u x l w j ) [tie*?# fw n#e%jtn<-* tr*d *rtf f?r>*" csutr whatsnnvr stall b» d#»nnMi vrahrsd units* marie wriing i»n»J raeelvwi fry OffrEnal wtthjn SO day* sH»r comptoOon oi !h* BppDeaWe 
tmviM, In nn immi wwli Cardial b» lltfbhj fof Indrlerrta! C ennswqtnrntal ciarratee*. WcfwBng w*hmrl BmjTalwn, iwaines* (iweTTupriomi, loss oi use, or tos»ci preSr* IneurtatJ by cfianl, fla luhatoSarits. 
aTOatesOT wwxewcta arising w i of nt ratMcd lo ihe pnrftrfrrmnce otBWvfc«a Fmrawratw by Cardinal, fg^ardttys ot »*herhct tticfr einlrn fa bafgd upon any of the above rirtpd pgaaona ot ottiarWte* 

t Cardinal cannot accept verba! changes. Please fax wri t ten changes to 575-393-2476. 



ARDINAL 
LABORATORIES 

PHONE (575) 393-2326 « 101 E. MARLAND « HOBBS, NM 88240 

ANALYTICAL RESULTS FOR 
APACHE CORPORATION 
ATTN: TRAVIS CARNES 
P.O. DRAWER D 
MONUMENT, NM 88265 
FAX TO: (575) 393-1927 

Receiving Date: 02/17/09 
Reporting Date: 02/17/09 
Project Number: NOT GIVEN 
Project Name: STATE Q BATTERY 
Project Location: NOT GIVEN 

Analysis Date: 02/17/09 
Sampling Date: 02/17/09 
Sample Type: SOIL 
Sample Condition: INTACT 
Sample Received By: ML 
Analyzed By: HM 

Cl 
LAB NUMBER SAMPLE ID 
H16907-1 BH-4 3' 816 

< 
f 

\ 

Quality Control 1 490 
True Value QC 500 
% Recovery ! 98.0 
Relative Percent Difference 4.0 

METHOD: Standard Methods 4500-CI'B 
Analysis performed on a 1:4 w:v aqueous extract. 

Date 

PLEASE NOTE: Liability and Damages. Cardinal's liability and cfianro exclusive remedy for any daim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses 
All c ta l iM. lgOfJfy t i f tp i j fh tc IBEnoe and any other causa whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of Iho applicable 
servicelln no evenl shall TO&TnaT be liable for incidental or consequential damages. Including, without limitation, business Interruptions, toss of use, or loss of profits incurred by dient, its subsidiaries, 
affiliates or successors arising out of or related to the performance of servfees hereunder by Cardinal, regardless of whether such claim Is based upon any of the above-stated reasons or otherwise. Results 
relate only to the samples Identified above. This report shall not be reproduced except in full with written approval of Cardinal Laboratories 
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PLEftSt: WO~E: U»b>% onxl Darrhug** Camjmiira llal^I*? and chard's rata**/* r«metjy for fur, cUtra trtsfng whttMir taiad In efMitaetot tort, that! be ><m»d 13 lha amwiril paid by lh* efiaril (or the 
•fiatiTMM All claimi I f^wrj l -^ (tip-ie for rtegjaj^ric* arri anv other Cfli»» f^ f lb twyt r jtfrall bo daarwei «aM>il tmiCTS marJa h wrttlng and rae»*w1 by Cacrflria.1 wBWn 30 days iftet completon ol i te appflcahla 
sarvtce In no event ahall Cardinal b« Btbta for itieitttmiit CH qanfftjuflrrtal damatjea. Including wrtfitnr! fmnaBrjji, b i r^mt* IniprruptortJ}, i rm of u t t , orlotio'proflrimcun-M (n/rfktnl, 1« tHbiMiart** 
affifltrtw or »ttcc««ora ornirts outot ot r^'a'^d io tho ptrformancfl of tanrtcMi Mirgurwiai hy Cartfinoi, tgrjarrfitna cl wfmtricf Birch datm ft biasd irpon arty of m a arK^*l3*<^ twiraa^twi^nwfaa 

shed: | Received By; 

ReTl n"au» s he cTWsfT 

Date. 

• DSnvf i recrBv: (CircTe"One) " 

Sampler - UPS - Bus - Other; 

Received By: 

5*i Sample'.Cendltlon | 

I Cool Intact 

t • Yes H Yes 

J • NO • No 

CHECKED BY: 

(Initials) „ 

Phono Result : [Add I Phong 

Fax Result; 

•if<i v'.s .Ca.C(\<?s(q} a^C^CoCp. Cs iw 

t Cardinal cannot accept verbal changes. Please fax written changes to 575-393-2476. 



ARDINAL 
LABORATORIES 

PHONE (575) 39312326 • 101 E. MARLAND • HOBBS, NM 88240 

ANALYTICAL RESULTS FOR 
APACHE CORPORATION 
ATTN: TRAVIS CARNES 
P.O. DRAWER D 
MONUMENT, NM 88265 
FAX TO: (575)393-1927 

Receiving Date: 02/18/09 
Reporting Date: 02/19/09 
Project Number: NOT GIVEN 
Project Name: STATE Q BATTERY 
Project Location: NOT GIVEN 

METHOD: Standard Methods 

Analysis Date: 02/19/09 
Sampling Date: 02/18/09 
Sample Type: SOIL 
Sample Condition: INTACT 
Sample Received By: AB 
Analyzed By: HM 

LAB NUMBER SAMPLE ID (mg/kg) 
H16922-1 6' I 400 
H16922-2 6.5' 320 
H16922-3 7" 400 

f 

Quality Control t 500 
True Value QC j 500 
% Recovery i 100 
Relative Percent Difference 1 <0.1 

4500-CIB 
Analyses performed on 1:4 w:v aqueous extracts. 

Date 

PLEASE NOTE; Liability and Damages. Cardinal's liability and dlenfs exdusive remedy for any claim arising; whether based in contract or tort, shall be limited to the amount paid by client tor analyses. 
Ail cinlmsiL-^ti jgggo^p/ifQf^gce and any other cause whatsoever shall be deemed waived unless made in writing and received By Cardinal within thirty (30) days after completion of Ihe apDlicable 
service In no event shall Cardinal be liable for incidental or oonscquentto! damages. Including, without limitation, business Interruptions, loss of use, or loss of profits incurred by dienL its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such daim is based upon any of the above-stated reasons or otherwise. Results 
relate only to the samples Identified above. This report shall not be reproduced except in full with written approval of Cardinal Laboratories. 
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enatya** »!l daaos frrcnjdaKj ttiow fot neofajerrce end ana other csuae rvrtatstreaef e*wtt be doemed waived unlet* made at wrt&ntJ am) reserved tr/ Ce rd^ l Triton 30 days t i w cnTipMton of IM ewncable 
eetatce 'n no eaarriatian Cardan* be tfabte tor (netdental or coriaetfOrTritat deri^rfe».t>rfui»a]«mTOiitlflrifcraofl cait^ess ailamiptone, tosa of uae.w lose of profta incurred by (aarM, «e eiibtfdiarnre, 
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Sampler Rel inquished: Received Bv: 

ReTinauished Bv: 

Date: 

Time: 

"Defisfi STisfored Bv : (C i rc le O r i e F 

Sampler - UPS - Bus - Other: 

•">*/ Received By: 

Sample Condition 
Coof Intact 
• Yea R l YBS 

" No • No 

-Pi 
i f f CHI CHECKED BY. 

(initials) 

Phone Result: 
Fax Result. 

No jAdd'l Phone »: 
No (Add'l Fax #• 

REMARKS: 

t Cardinal cannot accept verbal changes. Please fax written changes to 575-393-2476. 
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User Input (not both) Depth lo Water | Meters | j * | Feet | 609 60 

User Input (optional) User provided moist bulk density (rho m) • • w 1 1550 kg/m"3 - Moist bulk density used in calculations 

User Inputs (optional) 
Dry Bulk Density (rho, 1415 is default value) = At"-* ,1415tkg/mA3 I 

User Inputs (optional) 
Vol Moist Content (Theta v, 0 135 is default va lue)- 0 13S| J 

Calculated moist bulk density {rho m) = 1550 kg/mA3 

Sample 
Number 
(increasing 
depth) 

1 

For Dep ths , 

u s e i e e t 

o r me te r s 

( n o t b o t h ) 

U p to 10 

Bor ings a re 

a l l o w e d 

Boring 1 
If a Com posits Sample f rom a Depth Interval 

Hit® 

Topof , Bottom of 4, ' 
Sample .Sample » - • iAva I 

- . 2 j * . 
' 2 5 V 

Grab Samples 

cm 
Assigned 
depth 

60 96 
76 2 

91 44 
548 64 

0 

Chloride load for Boring 1 in kg/m f t 2 = 

Proportional 
Area Weights 

Chl Load of 
each Borehole 

Equal 
Area 

Weights 

User Input 

(Optional) 

Bonnq 1 , v >BH-1 , 0 91 1 00 User Input 

(Optional) 
Bonnq 2 

, v >BH-1 , 
0 00 0 00 

User Input 

(Optional) 
Bonnq 3 3 82 1 00 
Bonnq 4 - 'BH-1 - 4 06 1 00 

Pro Area Bonnq 5 /• 'BH-2 / 0 59 1 00 

Weights must 

sum to 

between 0 975 

and 1 025 

Bonnq 6 0 00 0 00 Weights must 

sum to 

between 0 975 

and 1 025 

Bonnq 7 

•~ ' • <' 
000 0 00 

Weights must 

sum to 

between 0 975 

and 1 025 

Bonnq 8 0 00 0 00 

Weights must 

sum to 

between 0 975 

and 1 025 
Bonnq 9 0 00 0 00 

Weights must 

sum to 

between 0 975 

and 1 025 Boring 10 0 00 0 00 
Sum of weights 0 4 

Output for 

AMIGO Averaged Chloride Load of All Boreholes HI kfl/m*2 



Bonnq 2 Boring ID VOID 
If a Composite sample from a Depth Interval Grab Samples 1 

Sample ( H B t J M H H M n r a i ^ n i r a i B Meters z s Z 

Number 
(increasing Top of •> Bottom "of 

• • \ 
Assigned 

depth) ba m pi e|tMS a mpi eWNmA Ave Depth Sample Sample ' Ave Depth meters depth in cm 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

I 
25 
26 
27 
28 
29 
30 

* - * * tJn> 
' ! f * ^ 
i * < * 

c» •> 

^1 * 
A a a. ^ 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ete; 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Chloride load for Boring 2 in kg /m A 2 



Boring 3 Boring ID BH-3 
If a Composite Sample from a Depth Interval 

Sample 
Number 
(increasing 
depth) 

Top of 
sample 

Bottom OT 
a ammo 

Grab Samples 

'%t'2 5» !« 

m 
, 8 A 

-18;'^ 

Assigned 
depth 

45 72 
60 96 
76 2 

91 44 
121 92 
137 16 
152 4 
182 88 
198 12 
213 36 
243 84 
548 64 

cm 

Chloride load for Boring 3 in KgJm*2 = 



Boring 4 

Sample 
Number 
(increasing 
depth) 

1 

If a Composite Sample from a Depth Interval 

*i,'fV 

Top of, 'Bottom of 
Sample Sample 

Assigned 
depth 

60 96 
76 2 

91 44 
121 92 
137 16 
152 4 
182 88 
198 12 
213 36 
243 84 
548 64 

Chlon.de load for Boring 4 in kg fm A 2 s 



Boring 5 Boring ID BH-2 

Sample 
Number 
(increasina 
depth) 

1 

If a Composite Sample f rom a 

Top of Bottom ol 
Sample Sample 'Ave i 

Grab Samples 

Assigned 

30 48 
60 96 

548 64 

mm 

WBHSm 

i i 
WSi 
••iii 

Chloride load for Boring 5 in kg /m A 2 = 
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Project: StateQMostProbabNewMass.ami 
Path: P:\Apache State Q Battery\Modeling\StateQMostProbabNewMass. 
Date: 3/10/2009 
Units: English (inches) 
Climate: Arid Hot (NM/W.Texas, Hobbs) 
Plant Uptake Trigger: 1% Input Concentration 

Groundwater Characteristics 
Background Cl Concentration in Aquifer: 2000 [mg/L] 
Aquifer porosity: 0.3 [-] 
Groundwater Table Depth: 20 [ft] 
Aquifer Thickness: 30 [ft] 
Slope of Water Table: 0.001 [-] 
Hydraulic Conductivity: 80 [ft/d] 
Groundwater Flux: 2.4 [ft2/d] 

Source Characteristics 
Chloride Load:: 2.35 [kg/m2] 
Max. length of the spill in direction of GW flow:: 80 [ft] 

Soil Profiles 
Surface Layer: Caliche 
Soil Profile: P4 - Caliche (1) + Medium Sand (5) 



CD 
Q 

0 

-20 

-40 

-60 

-80 

-100 
0.0 0.1 0.2 0.3 

Water Content [-] 

0.4 

Max Concentration 2000.031 [mg/L] at time 16.493 Year 

ZT 2010 

E 2000 

1990 

o 1980 
o 
ca 
3* 1970 
J 1960 
"CD 

o 1950 
o 
° 1940 

0 50 100 150 200 

Time [year] 

250 300 
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Project: StateQWorstCase2.ami 
Path: P:\Apache State Q Battei7\Modeling\StateQWorstCase2.ami 
Date: 3/10/2009 
Units: English (inches) 
Climate: Arid Hot (NM/W.Texas, Hobbs) 
Plant Uptake Trigger: 1% Input Concentration 

Groundwater Characteristics 
Background Cl Concentration in Aquifer: 1420 [mg/L] 
Aquifer porosity: 0.3 [-] 
Groundwater Table Depth: 20 [ft] 
Aquifer Thickness: 20 [ft] 
Slope of Water Table: 0.001 [-] 
Hydraulic Conductivity: 60 [ft/d] 
Groundwater Flux: 1.2 [ft2/d] 

Source Characteristics 
Chloride Load:: 5.75 [kg/m2] 
Max. length of the spill in direction of GW flow:: 80 [ft] 

Soil Profiles 
Surface Layer: Caliche 
Soil Profile: P4 - Caliche (1) + Medium Sand (5) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Chloride concentration [g/kg] 

Max Concentration 1525.283 [mg/L] at time 28.192 Year 

IT 1550 

1500 

CD 

co 1450 

< 

CD 

1400 
d 
c: 
o 
° 1350 

15 25 35 45 55 

Time [year] 

65 75 85 



How to Use .'•\_ ••'-;'»'-;'•;-< •>'',s:~,f'< ••\ ~ ' 

0) Copy excel s'preasheet and rename'wTth lha *" 
' arrie in place of "SiteName" Work in Ihis 

1) Export chloride coon central ion fg/kg] data set 
from AMIGO This will arrive as a file called . , 
Charll txt Be sure'lhat you use a chloride load 

of 1 0 in Ihe Amigo tool prior lo exporting the data 
""CharM Ixfi-i r 

2) Starting in an Excel workbook use Ihe open 
mmand to open Chart 1 txt (don'l forget to ask It 
show you all file types) This will get you to the 

Text Import Wizard > '" ' -
2a) In step 1, choose "Fixed Width" 
2b) Just accept "Next" "Next", and Tmish" 

3) Starling in the upper left Excel box, use, * . 
"Control A" and "Control C" to copy the entire data 

4fln the "Chart 1" sheet'ofthe ' • 
HistoncAMIGOPro_SiteName xK select the J * 
upper left cell of the sheet and paste in the data 

"Control V or yourfavonte a" 

N o t e . ' ' ' , ' , , 
If Step 3 "and Step 4 do not slart in the upper left 
cell ihe link's will be to the wrong data « 

5) Choose the yea'r of the profile lo be seen and 
iter in Cell 15 Only the inputs listed in the pink' 
ills will result in a choice If nolhing is input or 
ime other input besides 0,1 5 '30,;%., _ -
e profits from Year 4D is shown by default 

Choose the profile year lhal "best- mimics Ihe • 
shape of IheJIeld chloride dala , , t ,' 

6) Change the Concentration factor (cell 16) such 
that the AMIGO profile is greater lhan or equal to 
all of the values of the field data Then change 'r 

input year to determine if Ihe concentration 
factor may be lowered without causing the Amigo-
generate profile to become less than the field data 

Note""/. ~„l 
Should the choice of Concern rat ion (actor be too 
small to meet Ihe condition of Slep 6 the model <s 

opinion without the benefit of mathematical' ,-
support-" '-S ' ' 

7')EnterpellL11 Ihechlondeload'in'AMIGO ,t'\ 

Output Chart 2(particularly"Cone atan _ / -
Adjacent Well'} can be used to represent the site 

jrest wilh resetting of time such that the year 
of the'profile'selected (cell '5) is subtracted from 

Note \ '/ ,v /_-.' ; , , / -'^ -f-,'' 
Call with questions It is almost certain that. 
this docs not answer all mmiitinn-i' * ' 

0 00 
0 02 
0 05 
0 08 
011 
0 15 
0 18 
0 22 
0 26 
0 31 
0 35 
0 40 
0 45 
0 50 
0 56 
0 62 
0 67 

5 05 
5 20 
5 35 

[cone Factor j f ' . ^ s C I [Multiplier | 5750 [Do not Toucri"| 

529 9 
560 6 
586 6 
606 3 
625 0 
640 6 
653 1 
665 4 
676 6 
685 5 
692 6 

670 5 
675 5 
680 7 

705 2 
711 1 
716 9 
722 5 
728 1 
733 5 
738 8 
744 1 
749 2 
754 2 
7591 
763 9 
768 6 
773 3 
778 0 
782 6 
787 3 
792 0 
796 8 
801 6 

lOutput for Chi Load :|3B5 7SjEa[.: .kg/m^iJS; 

Available Profiles Value, to in pi itm 

Year 0 B I W I B 
1 
5 
10 
20 
25 
30 
40 

Figure 2: Field And AMIGO Chloride Profiles 

Chlor ide In mg /kg 1 0 0 0 

- 10 

« 
Q 12 

"I 
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5 82 
5 98 
6 14 
6 30 
6 47 
664 
661 
6 9S 
7 15 
7 33 
7 50 
7 68 
7 86 
8 05 
8 23 
8 42 
8 61 
8 80 

8 99 
9 19 
9 38 
9 58 
9 78 
9 99 

10 19 
10 40 
10 61 
10 82 
11 03 
11 24 
11 46 
11 68 
11 90 
12 12 
12 35 
12 57 
12 80 
13 03 
13 26 
1350 
13 73 
13 97 
14 21 
14 45 
14 70 
14 94 
15 19 
1544 
15 69 
15 94 
16 20 
16 46 
16 72 
1698 
17 24 
17 51 
17 77 
18 04 
18 32 
18 59 
18 86 
19 14 
19 42 
19 70 
19 98 
20 27 
20 56 

850 3 
859 0 
868 5 
878 9 
890 1 
276 9 
277 5 
2781 
278 7 
2791 
279 5 
279 9 
280 2 
280 4 
280 6 
280 7 
280 7 
280 6 
2804 
280 2 
279 9 
279 5 
2791 
278 6 
278 0 
277 3 
276 5 
275 7 
274 8 
273 9 
272 9 
271 8 
270 7 
2696 
268 4 
267 1 
265 8 
264 4 
263 0 
261 6 
260 1 
258 5 
256 9 
255 3 
253 6 
251 9 
250 0 
248 2 
246 2 
244 3 
242 2 
240 1 
237 9 
235 6 
233 3 
230 9 
2284 
225 8 
223 2 
220 4 
217 6 
214 7 
211 7 
208 6 
205 4 
202 1 
198 7 


