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RICE OPERATING COMPANY
JUNCTION BOX CLOSURE REPORT

BOX LOCATION |

SWD SYSTEM| JUNCTION UNIT SECTION [TOWNSHIF| RANGE | COUNTY BOX DIMENSIONS - FEET
; Length Width Depth
BD Zac“gé[““to” o 12 225 37E
i : 6 5 6
LAND TYPE: BLM STATE FEE LANDOWNER Tom Kennann OTHER
Depth to Groundwater 56 feet NMOCD SITE ASSESSMENT RANKING SCORE: 10
Date Started 2/6/2001 Date Completed = 1/24/2007 NMOCD Witness no
Soil Excavated 0 cubic yards Excavation Length 0 Width 0 Depth 0 feat
Soil Disposed 0 cubic yards Offsite Facility n/a Location n/a

General Description of Remedial Action:

monitoring well was installed on site in Feb. 2002.

This junction box was delineated according the the Junction Box Upgrade Work Plan. One

A March 2007 "Final Site Investigation Report & Abatement Completion Report" by Hicks requests closure of this junction box site and is included

with this form.

enclosures: Closure letter from Hicks (Dec. 2007)

IHEREBY CERTIFY THAT THE INFORMATION ABOVE IS TRUE AND COMPLETE TO THE BEST OF MY
KNOWLEDGE AND BELIEF.

REPORT ASSEMBLED BY Kristin Farris Pope SIGNATURE %/ 2/ Q%; Yy }Q,ga
&) . /w

DATE

3/12/2007

TITLE

Project Scientist




R. T. Hicks ConsuLTaNTS, LTD.

901 Rio Grande Blvd NW A Suite F-142 A Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745

March 15, 2007

Mr. Wayne Price

Environmental Bureau Chief

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE:  Zachary Hinton EOL Junction Box Final Site Investigation and Abatement Completion
Report, NMOCD #: AP-50

Dear Mr. Price:

On behalf of Rice Operating Company, we are pleased to submit the Final Site
Investigation and Abatement Completion Report for the above-referenced site. This
report fulfills the obligations of ROC presented in the Stage 1 & 2 Abatement Plan of
October, 2005, verbally approved by NMOCD in March, 2006. The signed Junction
Box Closure Report is attached. We are pleased to report that the chloride
concentration in samples from the on-site monitoring well has returned to
background levels. We conclude that the residual chloride in the vadose zone poses
no threat to human health or the environment. We recommend filling the
excavation with soil capable of sustaining vegetation and plugging the monitoring
well.

Please contact us with any comments or questions regarding our recommended
closure protocol for this site.

Sincerely,
R.T. Hicks Consultants, Ltd.

Randall Hicks
Principal

CC: NMOCD Hobbs office, Rice Operating Company



RICE OPERATING COMPANY
JUNCTION BOX CLOSURE REPORT

BOX LOCATION
SWD SYSTEM| JUNCTION UNIT | SECTION [TOWNSHIF RANGE | COUNTY BOX DIMENSIONS - FEET

B0 ZachaEré lr_-fimon o 12 225 7E Lea tef;gth V\é:th De;th
LAND TYPE: BLM STATE FEE LANDOWNER Tom Kennann OTHER
Depth 1o Groundwater 56 feet NMOCD SITE ASSESSMENT RANKING SCQRE; 10
Date Started 21612001 Date Completed 172412007 NMOCD Witness no
Soil Excavated ‘ 0 cubic yards Excavation Length 0 Width -0 Depth 0 feet
Soil Disposed 0 __cubic yards Offsite Facility nfa Location nla

General Description of Remedial Action:
This junction box was delineated according the the dunction Box.Upgrade Wark Plan. Qne

IR st e, raelend o sl v T e, 200

A March 2007 "Final Site rivestigation Repart & Abatement Completion Report™ by Hicks requests closure of this junction box site and is ingluded

with this form.
enclosures: Closure letter from Hicks (Dec. 2007)
1 HEREBY CERTIFY THAT THE INFORMATION ABOVE 1S TRUE AND COMPLETE TO THE BEST OF MY
KNOWLEDGE AND BELIEF.
REPORT ASSEMBLED BY Kristin Faris Pope SIGNATURE /%/ 2 ///'5 Q P2 D 5"/2/;)0

DATE 31122007 TITLE Project Scientist




March 13, 2007

Final Site
& Abatement Completion Report:
Zachary Hinton EOL Junction Box

R.T. Hicks Consultants, Ltd.

901 Rio Grande Blvd. NW, Suite F-142
Aibuquerque, NM 87104




March 13, 2007

Final Site Investigation Report
& Abatement Completion Report:
Zachary Hinton EOL Junction Box

(0-12) Sec. 12,T22S-R37E
NMOCD case #: AP-50

prepared for:

Rice Operating Company
122 West Taylor
Hobbs, NM 88240

R.T. Hicks Consultants, Ltd.
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Final Site Investigation and Abatement Completion Reports: Zachary Hinton
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Final Site [nvestigation and Abatement Completion Reports: Zachary Hinton

1.0 EXECUTIVE SUMMARY

This final Site Investigation and Abatement Completion Report presents the
results of the characterization activities performed by R.T. Hicks Consultants
(Hicks Consultants) and the characterization and site closure activities performed
by Rice Operating Company (ROC) at the Zachary Hinton EOL Junction Box site.
This report fulfills the obligations of ROC presented in the Stage 1 & 2 Abatement
Plan of October. 2005, verbally approved by NMOCD in March, 2006. Based on
field data, laboratory results, and predictive modeling, the selected remedy for the
site involved placing clean fill within the excavation and placing about 3 feet of
topsoil and over the site installed with a slight crown to promote surface runoff.
then seeding the site with native vegetation. Using highly conservative input data,
a MODFLOW transport module of this scenario predicts that resulting ground

water chloride concentrations due to migration of residual chloride to ground
water will be less than 70 ppm above background concentrations after five years.

Ground water monitoring data confirm that the HYDRUS-1D predictions are
conservative in that they over estimate the impact of residual chloride transport 1o
sround water. Afier two years of ground water monitoring, chloride concentrations
in ground water beneath the site have returned to ambient conditions (300—400
ppm).

Background conditions at the site have been confirmed through chemical

analysis of several surrounding wells and consultation of local ground water
research. Ground water quality at the site (MW-1) has returned to background
conditions. We do not believe that additional ground water monitoring is
necessary. Based on our physical findings, the findings of the MODFLOW
simulations (see Appendix C). and the documentation that the site is backfilled
and re-seeded, we conclude that this remedy is protective of ground water quality,
human health. and the environment. On behalf of ROC, we repectfully request that
NMOCD close the regulatory file.



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

2.0 CHRONOLOGY OF EVENTS

The Disclosure Report prepared by Rice Operating Company (ROC) in January
21. 2003 (see Appendix A). summarizes the initial activities at the site. On August
21,2003, NMOCD approved the Hicks Consultants workplan dated July 2, 2003,
for the site (see Appendix B). Since the initial upgrade of the end-of-line box and
installation of the monitoring well in 2002, ROC has overseen nearly four years
of ground water sampling. In October, 2005. Hicks Consultants submitied a Stage
I & 2 Abatement plan for the site, which NMOCD verbally approved after public
notice on March 30, 2006. In October, 2006, Hicks Consultants constructed and
ran a MODFLOW model to predict the fate and transport of chloride at the Zach-
ary Hinton EOL Junction Box site. Table A, below, summarizes the chronology of

events at the site.

Tahle A. Chronology of Events at the Zachary Hinton EOL Box

Date

Event

February 6, 2002

ROC upgrades EOL junction box and characterizes upper vadose zone

February 28, 2002

ROC installs monitoring well adjacent to EOL junction box

March 12, 2002

ROC notifies NMOCD of groundwater impact

April, 2002, ROC conducts four guarters of ground water monitoring to confirm initial
to June, 2003 results and collect data in preparation for a corrective action plan
July 2, 2003 Hicks Consultants submits a work plan to NMOCD for approval

August 21, 2003

NMOCD approves the workplan, including collection of ground water
quality data from nearby supply wells and HYDRUS-1D simulation mod-
eling

January 30, 2004

Hicks Consultants submits a Corrective Action Plan for NMOCD approval

December 3, 2004

NMOCD requests additional information

December 8, 2004

Hicks Consuliants provides requested information

lay 5, 2005

NMOCD orders ROC to submit an Abatement Plan
pursuant to Rule 19

June 29, 2005

Hicks Consultants requasts reconsideration of Abatement Plan
Requirement

July 13,2005

NWMOCD reiterates Abatement Plan Reqguirement

October 12, 2005

Hicks Consultants submits a Stage 1 & 2 Abatement Plan

December 28, 2005

NMOCD approves public notice

January 11, 2006

ROC sends public notice to appropriate landowners

January 18, 2006

Public notice published in Albuguerque Journal and Hobbs News Sun

February 10, 2005

ROC mails proof of public notice publication to NMOCD

March 30, 2006

NMOCD verbally approves the Stage 1 & 2 Abatement Plan and public
notice

October 6, 2006

Hicks Consultants runs a MODFLOW model for the site

November, 2006

ROC backfills excavation with clean, imporied fill and installs a new
junction box at the site

January, 2007

’ ROC re-seeds the site

R.T. Hicks Consultan

ts, Lt

o

March 13, 2007



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

3.0 BACKGROUND
3.1 SITELOCATION ARND LAND USE

The Zachary Hinton EOL Junction Box is located about 2.5 miles southeast of
the intersection of State Routes 18 and 8/176, near Eunice, New Mexico. Plate 1
shows the location of the site. The general area of the site is used for grazing and
production.

3.2 SUMMARY OF DATA PREVIOUSLY SUBMITTED TO NMOCD

1. In early 2002, ROC upgraded the junction box, characterized the upper
vadose zone, and installed a monitoring well about 20 feet down
gradient from the former box.

2

. Chloride concentrations in the vadose zone exceeded 1,000 ppm from
5 feet below ground surface to ground water.

(W)

. The first ground water sample from the monitoring well exhibited a
chloride concentration of 1,000 ppm.

4. Sampling of nearby supply wells demonstrates that the ambient
chloride concentration in ground water is 300-400 ppm near the site.

N

. Nine months of quarterly monitoring after installation of the
monitoring well, chloride concentrations in samples from the
monitoring well returned to the regional background concentration,
300400 ppm.

Previous submissions to NMOCD that provide additional detail regarding these
data are presented in Appendix A.
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R.T. Hicks Consultants, Ltd. March 12, 2007



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

4.0 GEOLOGY & HYDROGEOLOGY

The Ogallala Formation is present throughout much of the area and is underlain
by the Dockum Group red-beds. Along Monument Draw, erosion has stripped
the Ogallala and deposition of alluvium over the red-beds has created a separate
aquifer that is hvdraulically connected to the Ogallala in many locations (see
Nicholson and Clebsch, 1961).

The Zachary Hinton EOL Junction Box is in the middle of the alluvium within
Monument Draw. The Dockum Group red beds are an aquiclude below the Ogal-
lala and alluvial aquifers. In the area of the Zachary Hinton EOL junction box, the
red bed elevation contours define a paleo-valley just west of and subparalle] to
Monument Draw. The elevation of the red-bed surface exerts controls on ground
water flow. Where this surface is higher than the water table elevation, it obvious-
ly creates a barrier to flow. Where the red-bed surface is an expression of a paleo-
valley, such as our area of interest, ground water may be directed toward the axis
of this subsurface feature and the saturated thickness of the aquifer can increase as
a result.

Plate 2 is the ground water map of southern Lea County (Nicholson and Clebsch,
1961). The water table elevation mimics the red-bed elevation. At the Zachary
Hinton EOL junction box site, ground water flows south, parallel to Monument
Draw. Nicholson and Clebsch (1961) conclude that “The bulk of the water [in

the sediments along Monument Draw and under the Eunice Plain] is derived by
underground flow from the Laguna Valley [Monument] area.” The red-bed surface
map and the water table map support this hypothesis.

Although Nicholson and Clebsch note that the quality of the City of Eunice water
supply wells is about 100 mg/L chloride (locations of the wells noted in Nicholson
and Clebsch are noted on Plate 3 with sample dates from the late 1930s), a more
detailed investigation of ground water quality in the area near the Zachary Hinton
EOL site shows higher background levels. Plate 3 shows the locations of wells
with past water quality found by Nicholson and Clebsch and present water quality
data collected since 2003. Table 2 (below) presents the results for chloride.

e
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R.T. Hicks Consultants, Ltd. March 13, 2047



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

Table 2: Chloride Data for Wells Surrounding Zachary Hinton Site (see Plate 3)

Well Name Sampie Date C(l::;;ilje
228.37E.24133B 9/8/1958 580
228 .37E.01.P.444 9/8/1958 320
Windmill 12/18/2003 460
Peters Well West 11/7/2003 200
Peters Well East 11/7/2003 438
Jet E-15 MW #1 10/26/2006 396
Jet J-26 MW #1 10/23/2006 193
Jot. Zachary Hinton (0O-12) 8/10/2005 361
Jet. 1-27 12/2/2002 266

Using Nicholson and Clebsch (1961) data, we estimate the saturated thickness of
the alluvium in our area of interest is approximately 25-75 feet (2.6-22 meters).
As shown on Plate 2, the hydraulic gradient in our area of interest is about 0.004.
From these data and information provided in Freeze and Cherry (1979), we
calculate the rate of ground water flow as 0.14 m/d.

Surface water in the area is ephemeral and flows in Monument Draw occur only
after large precipitation events. We found no evidence to suggest that the release
from the junction box affected Monument Draw in any manner; therefore, this
document does not provide information on surface water hydrogeology.

R.T. Hicks Consultants, Ld, viarch 13, 2007 page &2



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

5.0 MODFLOW SIMIULATION

As proposed in the Stage I & 2 Abatement Plan of the October 12, 2005,

Hicks Consultants used MODFLOW and its contaminant transport module

to predict the fate and transport of the historic impact to ground water quality
evidenced by the first sample analysis. Appendix C presents a thorough
explanation of the model design, inputs and results. The predictive modeling
tested the hypothesis that natural dilution and dispersion effectively mitigated any
past impact to ground water quality at the site and down-gradient from the site.

\The model predicts that natural dilution and dispersion rapidly reduce chloride
concentrations in ground water after the cessation of recharge (i.e. intermittent
brine releases from the EOL Junction Box).



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

6.0 Closure of the Excavation

In early November 2006, ROC imported twenty-four yards of clean soil and back-
filled the hole at the site according to our proposal. A new junction box was built
in the original location. The surrounding area was re-seeded with a mixture of
native grasses and plants that will re-vegetate the area at a natural rate. Figure 1
shows the site after the excavation was filled, the box was replaced, and the site

was re-seeded.

Figure 1: Zachary Hinton Site After Box Replacement Filling, and Re-Seeding

R.T. Hicks Consultants, Ltd. March 13, 2007

page ’E @



Final Site Investigation and Abatement Completion Reports: Zachary Hinton

7.0 QUALITY ASSURANCE/QUALITY CONTROL PROTOCOLS

Sampling and analvtical procedures were performed in accordance with Title 20
NMAC 6.3107.B and Section 103 of the Water Quality Standards for Interstate
and Intrastate Streams in New Mexico (20 NMAC 6.1). Specific quality
procedures for obtaining ground water samples are included in Appendix E.

R.T. Hicks Consultants, Ltd. March 12, 2007 nage 'E ﬂg



Final Site investigation and Abatement Completion Reports: Zachary Hinton

8.0 CONCLUSIONS AND RECOMMENDATIONS

Natural dilution and dispersion have restored ground water quality down-gradient
from the release site as well as at the release site. Additional monitoring of the
existing well provides no value as ground water quality has returned to back-
eround conditions. The ground surface is now restored and re-seeded. On behalf
of ROC, we respectfully request closure of the Rule 19 regulatory file associated
with this site.

R.T. Hicks Consultants, Ltd. March 13, 2007 page ﬂé £



R.T. Hicks Consultants, Ltd.

907 Rio Grande Bivd. NW, Suite F-142
Albuquerque, NM 87104
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R. T. Hicks CoONSULTANTS, LTD.
901 Rio Grande Blvd NW & Suite F-142 & Albuquerque, NM 87104 A 505.266.5004 4 Fax: 505.266-0745




RICE OPERATING COMPANY
JUNCTION BOX CLOSURE REPORT

BOX LOCATION

SWD SYSTEM| JUNCTION UNIT SECTION |[TOWNSHIF RANGE | COUNTY BOX DIMENSIONS - FEET
L Length Width Depth
BD Zachany Hinton) g 12 225 37E Lea
OL
6 5 6
LAND TYPE: BLM STATE FEE LANDOWNER Tom Kennann OTHER
Depth to Groundwater 56 feet NMOCD SITE ASSESSMENT RANKING SCORE: 10
Date Started 2162001 Date Completed 112412007 NMOCD Witness no
Soil Excavated 0 cubic yards Excavation Length 0 Width 0 Depth 0 feet
Soil Disposed 0 cubic yards Offsite Facility n/a Location n/a

General Description of Remedial Action:
This junction box was delineated according the the Junclion Box Upgrade Work Plan. One

monitoring well was installed on site in Feb. 2002.

A March 2007 "Final Site Investigation Report & Abatement Completion Report” by Hicks requests closure of this junction box site and is included

with this form.

enclosures: Closure letter from Hicks (Dec. 2007)

| HEREBY CERTIFY THAT THE INFORMATION ABOVE IS TRUE AND COMPLETE TO THE BEST OF MY
KNOWLEDGE AND BELIEF.

Kristin Farris Pope SIGNATURE

REPORT ASSEMBLED BY

DATE 3/12/2007 TITLE Project Scientist




R. T. HICKS CONSULTANTS, LLTD.
901 Rio Grande Blvd NW A Suite F-142 A Albuguergue, NM 87104 A 505.266.5004 A Fax: 505.266-0745

February 12, 2007

Wayne Price

Oil Conservation Division
1220 S. St. Francis Drive
Santa Fe, NM 87505

RE: 2006 Annual Ground Water Monitoring Report
Jct. Zachary Hinton (0-12), Sec 12, T22S, R37E, Unit "O"
NMOCD Case #: AP-50

Dear Mr. Wayne Price:

R.T. Hicks Consultants, Ltd is pleased to submit the 2006 Annual Ground Water Monitoring
Report for the Jct. Zachary Hinton (O-12) site located in the BD Salt Water Disposal
System (SWD). This report consists of the following sections:

1. A table summarizing all laboratory results, depth to ground water and other
pertinent data associated with ground water sampling at the site, including this
past year.

2. Graphs showing chemical concentration vs. time for chloride and TDS.

3. Laboratory data sheets associated with the routine sampling for 2006.

The Final Closure Report will be submitted to NMOCD by February 26, 2007. Per
agreement with NMOCD, the monitoring well at the site will be sampled twice a year,
during the first and third quarters of the year..

Thank you for your consideration of this annual summary information. The attached CD

contains an electronic copy of the annual report. If you have any questions, please
Contact us at 505-266-5004, or Kristin Farris Pope at ROC, 505-393-9174.

Sincerely,
R.T. Hicks Consultants, Ltd.

/
/L;/%/ ////

Randall T. Hicks
Principal

Copy: Hobbs NMOCD office; Rice Operating Company



Jet. Zachary Hinton (0-12)

Well Narne Dure DTW (ft) C III(JI'izle}, o
MW-01 8/13/2002 56.10 8 sity
MW-01 10/25/2002 56.14 4
MW-01 30612003 56.07 3
MW-01 6/5/2003 56.00 3
MW-01 8/22/2003 56.00 4
MW-01 11/20/2003 56.00 3
MW-01 2/19/2004 56.50 3
MW-01 4/17/2004 55.65 3;

MW-01 9/212004 56.00 3iown; cloudy
MW-01 12/21/2004 55.90 ity
MW-01 1/26/2005 55.94 35
MW-01 3/22/2005 55.80 40,. 1o odor
MW-01 5/23/2005 55.84 39
MW-01 8/10/2005 55.82 36

_ Mwo 1012412005 55.10 348 1o odor
MW-01 1/23/2006 55.75 300
MW-01 4/24/2006 55.70 32
MW-01 7/19/2006 55.68

N

Monday, February 035, 2007




Ground Water Quality at Zachary Hinton

n 200 {O-1

HIno;

ary

tlame
—4— Zach,

ell
P——

.
iV

SWRUBL
0T H0UEL
00UV
W0TVTY a0 em
SO0LETIL )
a0 oot
S00UETIL .
m SQOLVTTL m
£ = QOO0 2 oL
= Q0U0LE = 0% £ SN
_ = =
] ® oz
3 S00eIEeS 3 00ETS .
N >
M S008TeE ) SODEATTIE w
W= 3
= < 29z a
e et 5 50027931 a
= 7] - ORI
3} i IS
) PO gy POOULET
3 » roazis
voges = »O0Z/B
YOOI
wOOTLLY 0oLty roGERL
. [V
ot NIOCIBVE YOOUSLE ;
& ~a0eI5LE 3 chozman L
el
e X JOCiLE :
& £O0EHH 4 e & cooces
; conziT a
Q] £Q0LALTIE E00IAZR o EOUIRA
o s
il c00usss | £00w5a e ooz
o X B
2t Pt s
5 00T | COOTHE i S zooTm
i 5 iE]
: 5 g 5 e
‘m ! Ey 200580 ZO0TISTN .m 8 OGRS
B S e S s 2 8 g B 2 s
Wm 5 peish U] et 8 m 2 < &
= = M 3 pas =
=4 -
: 5
I @
2

{
&

R.T. Hicks Consultants, Ltd.



12600 West 1-20 East - Odessu, Texas 7O7LS

Analytical Report

Prepared for:

Kristin Farris-Pope
Rice Operating Co.
122 W. Taylor

Hobbs, NM 8824

Project: BD Zachary Hinton
Project Number: None Given

Location: Lea County

Lab Order Number: 6A25021

Report Date: 02/01/06



122 W. Tavlor

Hobbs NM, §8240

Rice Operating Co.

Project: BD Zachary Hinton
Projeet Number: None Given

Projeét Manager:  Kristin Farris-lope

Fax: (505) 397-1471

Reported:

Q2/01/06 11:42

ANALYTICAL REPORT FOR SAMPLES

[zuuplc 11 Laburatory 1D Matrix Date Sampled Date Received
Monitor Well #1 6A25021-01 Water 0172306 09:45 01/25/06 13:25

12600 West 1-20 Eust - Odessa, Texas 79703 - (432) 365-1800 - Fax (432) 563-1713
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Rice Operating Co. Project: BD Zachary Hinton Fax: (305) 397-1471

122 W Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Farnis-Pope 02/01/06 11:42

Organics by GC

Environmental Lab of Texas

Reporting

Analyte Result Limit Units Dilution  Batch Prepared Analyzed Method Notes
Monitor Well #1 (6A25021-01) Wailer

Benzene ND 0.00100  mg/L 1 EAG2618  01/20/06 01727/06 EPA 8021B

Tojuene ND 0.00100 " " . " " o

Ethylbenzene ND 0.00100 - " . . .

Xvlenc (p/m) ND 0.00100 " . . . . .

Nvlene (0) ND 0.00100 . " " . " .
Surrogaie: a,u.u-Trifluorotoluene 95.2% 8§0-120 " " " u
Surrogate; 4-Bromofluorobenzene 89.2 % &§0-120 " " " "

Fovironmental Lab of Texas The resulis o tis report apply o the sampies unalyzed i aecordance with the samples
received s the luhoratory. Tiis analvical report must he reproduced in iis enirery,

with writien approval of Environmenial Lab of Texas. -
i ’ : Page 2 of 10

12600 West 1220 East - Odessa, Texas 79705 - (432) 363-1800 - Fax (4325 363-171
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Rice Operating Co.
122 W Tavlor

Hobbs NM, 88240

Project. BD Zachary Hinton

Project Number:  None Given

Project Manager:  Kristin Farris-Pope

Fax: (503) 397-1474

Reported:

02/01/066 11:42

General Chemistry Parameters by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Analyie Result Limit Units Dilution Batch Prepared Analyzed Method Notes
Monitor Well #1 (0A25021-07) Water
Total Alkalinity 172 2.00 mg/L ] EAG2406 01/26/06 01/26/06 EPA310.1M
Chiloride 366 10.0 20 EAG30D4  03/30/06 01/30/006 EPA 300.0
Total Dissolved Solids 1170 5.00 " 1 EA63003 01726/06 01/27/06 EPA 1601
Sulfate 184 10.0 ’ 20 EAG3004  01/30/06 01/30/06 LEPPA 300.0

Eavironmental Lab of Texas

he resudic in this report apply 1o the samples analyzed in accordunce with the samples

recerved i the lahoraory. Thus analviical report must be reproduced i its ennrery,

with written approval of Enviranmental Lab of Texas

12600 West 1-20 East - Odessa, Texas 79703 - (432) 563-1800 - Fax (432) 363-1713
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Fax: (505 397-1471(

Rice Operating Co. Project; BD Zachwry Hinton
122 W Taylor Project Number. None Given Reporied:
Flobhs NM, 88240 Project Minager: Kristin Farris-Pope 02/01/06 11:42

Total Metals by EPA / Standard Methods

Environmental Lab of Texas

Reporting

Analyte Result Limin Units Dilution Baich Prepared Analyzed Method Notes
Monitor Well #1 (6A2Z5021-01) Water
Calcium 93.8 0700 mgl 10 EAG2G1S  01206/06 01/26/06 EPA 60101
Magnesium 44.4 0.0100 ’ " " " p
Potassium 8.85 0.500 " " " ,. "
Sodium 208 0.500 " 50 " " ,

Eovironmental Lab of Texas The results i this report apply 1o the samples analyzed i aceordance with the samples

received w the laboratory. This analytical report musi be reproduced in ity entirety,

witdwritien approval of Favironmental Lab of Texas. -
ranr d ! Page 4 of 10

F2600 West 1-20 East - Odessa, Texas 79705 - (432) 363-1800 - Fax (432) 363-1713



Rice Operating Co
122 W, Taylor

Hobbs NM, 88240

Project BD Zachaury Hinton

Project Number: None Given

Project Manager:  Kristin Farris-Pope

Fax: (505)397-1471

Reporied:

02/01/06 11:42

Organics by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Source YOREC RPD
Analyle Result Limit Units Level Resuh YaREC Limis RI'D Limit Notes
Batch EAG2618 - EPA 5030C (GC)
Blink (EAG2618-BLKT) Prepared: 01726/06 Anabvzed 01/27/06
Bengene N N T ) T
Toluene ND 0.00100 N
Lthyibenzene ND G.0ut00 "
Xvlene (p/m) ND 0.060100
Xvlene (0) ND 0.00100 "
Surrogate: a,a,d-1rifluoroiolene 385 ugd 0.0 96.2 80-120
Surrogate: 4-Bromofluorobenzene 424 " 0.0 106 K0-120
LCS (EAG2618-RST) Prepared: 01/26/06 Analvzed: 01/27/06
Bewzene 0.0566 0.00100  mgl. 0.0500 3 #0-120
‘Toluene 0.0557 0.06100 " (¢.0500 11l §0-120
Ethylbenzene 0.0547 0.00100 " 0.0500 109 §0-120
Nylene {(p/m) 0.102 0.00100 " 0.100 102 80-120
Nvlene (0) 0.0538 0.06100 " 0.0500 108 §0-120
:\"urrugmr: a,a.a-1rifluorotoluene 41.2 ug’l J0.0 103 &0-120
Surrogaie: -Bromofluorobenzene 328 " 40.0 §2.0 80-120
Calibration Check (EAG2618-CCVT) Prepared: 01/26/06 Analvzed: 01/28/06
Benzene ' 513 g/l 50.0 103 80-120
Toluene 52.5 50.0 105 80-120
Ethvlbenzene 54.5 " 50.0 109 50-120
Xvlene (p/m) 0] " 100 10t 80-120
Xvlene {0) 55.6 " 50.0 1t §0-120
Surrogate: a,¢,a-1riflvorotwhiene 343 " 40.0 8§38 ;’(A);/J(I
Surrogaie: 4-Kromuofluorobenzene 393 " 0.0 988 S0-120
Mautrix Spike (EAG2618-MST) Source: 6A24010-01 Prepared: 01/26/06 Analyzed: 01/27/06
Benzene T 0.0559 0.00]00 me/L 0.0500 ND 112 570-]20
Toluene 0.0548 0.00100 " 0.0500 ND 110 80-120
Ethyvlbenzene 0.0515 0.00100 " 0.0500 ND 103 80-120
Kvlene (p/m) 0.0835 g.00100 " 0.100 ND 85.5 80-120
Xvlene (o) 0.0512 0.00300 " 0.0500 ND 102 80-120
:\-‘;I/'I'U}JUIL’. wu-l1 (//lm/'(llu/m'm; 77777777777 } 3 oF - ugl “471077 938 8(1:1311
Surrogate: 4-Bromuofluorohenzene 343 " 4010 835N 80120

Environmental Lab of Texas

12000 West 1220 East - Odessa, Texas 79703 - (432) 363-1800 - Fax (432 363-17]

The resuls v ths report applv 1o the samples analyzed 17 accordance with; the samples

received i the laboratory. This analviieal report must be reproduced in i entirety,

witinseritien approval of Evvirenmenial Laiy of 1 exas.
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Rice Operatng, Co.
122 W Tayvlor

Fobhs NM, 88240

Project: BD Zachary Hinton

Fax: (505) 397-1471

Project Number: None Given Reporiei:
Project Manager; Kristin Farris-Pope 02/01/06 11:42

Organics by GC - Quality Control

Environmental Lab of Texas

Analvie

Result

Reporting
Limit

Spike Smuce SREC RPD
Unns Level Result YUREC Limits RPD Lt Notes

Batch EAG2618 - EPA S030C (GC)

Matrix Spike Dup (EAG2618-MSDI) Source: 6AZ4070-01 Prepared: 01/26/06 Anatyze

Benzene 00482 000100 mgd 00500  ND s
Tolhene 0.0484 G.00100 " 00500 ND 96,8 80-120 2.8 20

Ethvibenzene 0.0456 0.00100 " 0.0500 ND Q1.2 80-120 122 20

Nylene (pim) 0.084] 000100 . 0.106 ND 84.1 §0-120 0716 20

Nwvletie {0) 0.0448 4.00100 " 0.0500 ND 89.6 80-120 12.9 20

Surrogaie: a, (1,(7*7)‘(/}]1!1/‘!11IRJ'I‘;IVL;N(’ B Y gl o +0.0 823¥ K0-120

Surrogaie: 4-Bromofivorvhenzene 32.4 " 0.0 A1.0 S0-120

Eavironmental Lab of Texas

The results i this veport apply o the sumples analyzed in accordance with the somples
recewved inthe laborawory. Tiis analyucal report nust be reproduced in s enurery,

with wrien approval of Environmemal Lai of Texas. SN
- - Yage 6 of 10




Rice Operating Co. Project; BD Zachury Hinton Fax: (505) 397-1471
122 W Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Farris-Pope 02/01/06 11:42

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source YeREC RPD
Anulvie Result Limit Units Level Result SoREC Limits RI’D Limn Notes

Baich EAG2406 - General Preparation (WetChem)

Blank (EAG2406-BIKI) Prepared & Anatyzed: 01/26/06

Toral Alkalinity ND 2.00 mp/L

LTS (EAG2406-BST) Prepared & Analyzed: 01/26/06

Bicarbonate Alkalinity ) 220 my/L 200 110 85-115

Dupficate (EAGZ406-DUPT) Source: 6A19005-01 Prepared & Analyzed: 01/26/06

:I‘olul Alkalinny 258 2.00 meg/L 236 0.778 20
Reference (EAG2Z406-SRMIT) Prepared & Analyzed: 01/26/06

Total Alkalinity 97.0 me/l. 100 97.0 90-110

Batch EAG3003 - General Preparation (WetChem)

Blank (EA63003-BLK1) Prepared: 01/26/06 Analyzed: 01/27/06

Total Dissolved Solids ND 5.00 myg/L

Duplicate (EAG3003-DUPT) Seurce: 6A25018-01 Prepared: 01/26/06 Analyzed: 01/27/06

Total Dissolved Solids 2020 5.00 mg’L 2080 2.93 5

Batch EAG3004 - General Preparation (WetChem)

Rlank (EAG3004-BLK]) Prepared & Analyzed: 01/30/06
Sulfate ND 0.500 mg/L
Chloride ND 0.300 "
LCS (EAG3004-BST) Prepared & Analvzed: 01/30/06
Sulfate T 901 0.500 my/L 10.0 96.1 80-120
Chloride 8.40 0.500 " 10.0 84.0 80-120
Environmental Lab of Texas The resulis in this report apply 1o the saniples analyzed vi accordance with the sampics

received urihe laboratory. This anaivical report must be reproduced in ns enureiy,

witinwritien approval of Environmenial Lab of Texaos
d g -ab op fexas. aoe 7
Page 7 of 10

12000 West 1220 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713




Rice Operating Co Project: BD Zachary Hinton Fax: (505)397-1471
122 W Taylor Projeet Number: None Given Repuried:

flobhs NM. 88240 Project Manager: Kristin Furris-Pope (02/01/06 11:42

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Enviroamental Lab of Texas

Reporiing Spike Source YuREC RPD

Analvte Result Limit Unitg Level Reguldt WREC Limits RIPD Lt Notes

Batch EAG3004 - General Preparation (WetChem)

Prepar
0 952 80-120

Calibration Check (EAG3D04-CCV

Sul_f_u; .82 mg/L

Chloride 8.64 " 10.0 86.4 80-120

Duplicate (EAG3004-DUPT) Source: 6A25018-01 Prepared & Analyzed: 01/30/06

Sullage 84.4 250 my/l 88.2 4.40 20
879 230 " 886 0.793 20

Chloride

1= ar 1) i 1 a NN 7y I . !
Envirenmental Lab of Tesas The results in this report apply 1o the samples analyzed i accordance with the samples
received un the luboratory. This analyiical report must be reproduced in it entirery,

witlyeritien approval of Environmenial Lab of Texas Pace S of 10
qe s

12000 West 1-20 East - Odessa, Texas 79703 - (432) 563-1800 - Fax (432) 363-1713



Rice Operating Co. Project: BD Zachary Hinon Fax: (505)397-1471
122 W Tavlor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager. Kristin Farris-Pope 02/01/06 11:42

Total Metals by EPA / Standard Methods - Quatlity Control

Environmental Lab of Texas

Reporting Spike Source SOREC ReD
Analyte Result Lunit Units Level Result YoREC Limns RPD Laimit Notes

Batch EAG2615 - 6010B/No Digestion

Prepared & Analyzed: 01/26/06

N[‘)h ) U.UIUOW wy/l
Magnesium ND (.00 100
Porassinm ND 0.0500 "
Sodium ND 0.0100 "
Calibration Check (EAG2615-CCVT) Prepared & Analvzed: 01/26/06
Calcium h 212 mg/L 2.00 h 106 85-113
Magnesium 1.99 ! 2.00 99.5 85-115
Potussium 1.88 " 2.00 04,0 85-115
Sodium 1.94 " 2.00 97.0 85-115
Duplicate (EAG261X-DUPY) Sonrce: GAT9G05-0] Prepared & Analyzed: 01/26/06
Calcium T ) 24 0500 mel T 0597 2
Magnestuin 115 0.0500 " 120 420 20
Potassivm 14.6 0.500 " 15,2 4.03 20
Sodium 300 0.500 " 315 2.26 20
Environmental Lab of Texas The resudis i tivis repart apply 1o the samples analyzed 0 aceordance i the sampics
received v the lahoratory, This analviical report must he reproduced i s entirety,

with written approval of Environmenial Lab of Texas Page 9 of 10

F2600 West 1-20 East - Odessa, Texas 79705 - (432) 363-1800 - Fax (432) 363-1713




Rice Operating Co

Project. BD Zachury Hinton

122 W Tavlor Project Number: None Given
Hobbs NM, 88240 Project Manager:  Kristin Farris-Pope

Fax: (503) 397-1471

Reported:

02/01/06 11:42

DET
ND
NR

dry

RPD

M5

Dup

Report Approved By:

Raland K. Tuttle, Lab Manager

Notes and Definitions
Anaivie DETECTED
Analyie NOT DETECTED at or ahove the reporting Limit
Not Reported
Sample results reporied on a dry weight basis
Relative Percem Difference
Laboratory Control Spike
Muatrix Spike

Duphicate

) o {}
,/&QE and fi\frfu&

Date: 2/1/20006

Jeanne Mc Murrey, Inorg. Tech Director

Celey D, Keene, Lab Director, Org. Tech Director LaTasha Cornish, Chemist
Peggy Alien, 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.

11 vou have recerved this material in error, please notfy us immediately at 432-563-1800.

Environmental Lab of Texas

The resulis in tins reportapply w the sampics analyzed i accordance with the sempies

recerved o the laboratory. This analviical report must he reproduced it entivery,

with written approval of Environmental Lab of Texas

12600 West 1-20 East - Odessa, Texas 79703 - (4325 563-1800 - Fax (432) 363+
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I IROMMEMNTAL

12000 West 1220 East - Odessu, Teoexas TOTHS

Analytical Report

Prepared for:
Kristin Farris-Pope

Rice Operating Co.
122 W. Taylor
Hobbs, NM 88240

Project: BD Zachary Hinton
Project Number: None Given

Location: Lea County

Lab Order Number: 6D2701 1

Report Date: 05/04/06



Rice Operating Co.

122 W. Tavlor

Iobbs NM, 88240

Project: BD Zachary Hinton
Project Number: None Given

Project Manager: Kristin Farris-Pope

Fux: (505) 397-1471

Reported:

05/04/06 14:09

ANALYTICAL REPORT FOR SAMPLES

Sample 1D

Laboeratory 1D Matrix Date Sampled

Date Received

Monitor Well #1

6127011-01 Water 04/24/06 09:30

04/27/06 10:30

12600 West 1-20 East - Odessu, Texas 79703 - (432) 5631800 - Fax (432) 563-1713

Page T of 10



Rice Operating Co. Project: BD Zachary Hinton Fax: (505) 397-1471
122 W_Taylor Project Number: None Given Reported:
Hobbs NM, 88240 ]’r()jccl Mzm‘dgcrt Kristin F’dl’l’lS—P()pL‘ 05/04/006 14:09

Organics by GC

Environmental Lab of Texas

Reporting

Analyte Result Liuit Units Dilution © Batch Prepared Analyzed Method Notes
Monitor Well #1 (6D27011-0T) Water

Benzene ND 0.00100 mg/L 1 D207 04/28/006 04730/06 EPA 80218
Toluene ND 0.00100 ’ . - " B P
Ethylbenzenc ND 0.00100 N " " " " "
Xylene (p/m) ND 0.00100 v . . "
Xylene (o) ND 0.00100 ‘ . " . .
Surrogate: a.u.a-Trifluorotoluene 102 % §0-120 " G " .,
Surrogate: 4-Bromofluorobenzene 103 % &§0-120 " " n "
FEnvironmental Lab of Texas The resulis in tizks report apply 1o the sumples analvzed m accordance with the samples

received in the faboratory. Tins analvical repori must be reproduced in i enirery,

withowritien approvad of ivironmental Lab of T exas. Pave 2 of 10

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 363-1713




Rice Operating Co
122 W, Tavilor

Hobbs NM, 88240

Project. BD Zachary Hinton

Project Number. None Given

Project Manager:  Kristin Farnis-Pope

Fax: (505) 397-1471

Reported:

05/04/06 14:09

General Chemistry Parameiers by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Analyle Result Limit Unns Dilution Batch Prepared Analyzed Method Notes
Monitor Well #1 (6D27011-01) Water
Total Alkalinity 184 2,00 mg/L 1 EE60301 05/053/06 05/03/06 EPA3IGIM
Chioride 326 5.00 " 10 EE6OIT6  0SH01/06 05/01/06 EPA 300.0
Total Dissolved Solids 1190 5.00 " 1 EEG60IIS 04/27/06 0428706 EPA 160.]
167 5.00 : 10 EEGOLEG  05/01/06 05/01/06 LA 300.0

Sulfate

Environmental Lab of Texas

The results i this report apply 1 the samples analvzed in aecordance with the sumples

recerved in the luboratory. This analviical report must be reproduced in it entirety,

with writien approval of Environnienial Lab of Texas.

12600 Wesi [-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432

}
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Rice Operating, Co
122 W, Taylor
Hobbs NM, 88240

Project B Zachary Hinton
Project Number: None Given

Project Manuger:  Kristin Farris-Pope

Fax: (505)397-1471

Reported;

05/04/06 14:09

Total Metals by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Anaivie Result Limit Units Ditution Baich Prepared Anidyvzed Methiod Notes
Monitor Well #1 (6D27011-01) Water
Caleium 85.0 0100 melL 10 BDOTIO 04127706 042706 EPABOIOB
Magnesinm 43.4 0.0100 i " " " w "
Potassium 9,70 0.500 " " B B " “
Sodinm 238 0.500 ! 50 " " "

Environmenial Lab of Texas

The resuis in thus report apply 1o the sampies analyzed u: accordance swith the samples

recerved o the laboratory, Tins analviical report must be reproduced in ity entirety,

with writien approval of Rivironmentad Lab of Texus

12600 West 1-20 East - Odessa, Texas 79705 - (4327 563-1800 - Fay (432) 363-171

[o¥}
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Rice Operating Co,
122 W Tavlor

Flobbs NM, 88240

Project: BD Zachary Hinton
Project Number:  None Given

Project Manager:  Kristin Farris-Pope

Fax: (305) 397-1471

Reporied:

05/04/06 14:09

Organics by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Sowrce YuREC RPD
Analvie Result Limit Unity Level Resuh YoREC Limis RPD Limit Notes
Bateh EDGO2807 - EPA S030C (GC)
Blank (ED62807-BLK1) Prepared: 04/28/06 Analyzed: 04/30/06
Vl‘)cny,:;FA_"—m__ e AI;)iliRi 0.00100 my/l ‘ T T -
Tolitene ND 0.00100
Ehvibenzene ND 0.00100 "
Xylene (pim) ND 0.00100 "
Xvlene (o} ND 6.00100 "
Stavogate: a.aa-Triflugraioinene ) 027 g T 107 so-200 - o
Surrogate: 4-Bromafluarabenzene 42.2 " 40.0 106 80-120
LCS (ED62Z8O7-BS ) Prepared: 04/28/06 Analyzed: 04/30/06
Bewzene ) ) 0.0599 0.00100  mg/L. 0.0500 e seeo - T “
Tolucne 0.0580 0.00100 " 0.0500 116 80-120
Ethylbenzene 0.055} 0.00100 " 0,0500 110 §0-120
Xylene (pim) 0.120 6.00100 " 0.100 120 80-120
Xylene (o) 0.0596 0.00100 " 0.0500 119 80-120
g’zu-mgaw: ua, LI—Y)'(/jl:r))‘(il1)[“(:[’1(’ 430 wugl 400 108 §0-120 o o
Surrogmie: 4-Bromofluorobenzene 42.2 " 0.0 106 &§0-120
Calibration Cheek (EDG2807-CCVY) Prepared: 04/28/06 Analyzed: 05/01/06
iicnzenc o 55.0 ug/l 500 ! 1()‘»*&78()—!20
Toluene 53.0 " 50.0 106 80-120
Gthvlbenzene 539 " 50.0 112 80-120
Xylene (p/im) 11y ! 100 110 80-120
Xvlene (0) 559 " 50.0 112 80-120
Surrogate: u,a,;-—;./_'/fﬁlu/'ululnum‘ ) 5“),(/ v 40.0 973 Vﬁ—b’A(l»/.?{) - -
Suprogaie: 4-Bromofluorvbenzene 39.1 " 4.0 978 80-120
Matrix Spike (EDG62807-MS1) Source: 6D27008-01 Prepared: 04/28/06 Anulyzed: 05/01/06
Bensene T T Goss 000100 mgll 0.0500 ND 5 800120 B
Toliene 0.05068 000500 " 0.0300 ND 114 80-120
Ethytbenzene 0.0587 0.00100 0.0300 ND 117 R0-120
Nvlene (pim) 0.120 0.00100 " 0.100 ND 120 80-120
Kylene (0) 0.0600 0.00100 " 0.0500 ND 120 80-120
Swrogate: aao-lrifiuoroiomene gLy T gl o I Y R
Surrogaie: 4-Bromofluorobenzene 475 " 0.0 119 80-120

Environmental Lab of Texas

12600 West 1220 East - Odessa,

The results in tins report apply 1o the samples unolyzed 1 occordunce with 1he semples

recerved o tie luboratory. This unalviical report must be reproduced in its cniirety,

wrtiwritien approval of Environmental Lab of 1 exas

I'exas 79705 - (432) 563-1800 - Fax (432} 363-1713

Page S0l 10




Rice Operating Co
122 W, Tavlor

Flobbs NM, 88240

Project; BD Zachary Hinton
Project Number: None Given

Project Manager: Kristin Farris-Pope

Fux: (303) 397-1471

Reporied:

03/04/06 14:09

Organics by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Source YeREC RPD

Analvie Result Limit Units Level Result YoREC Limits RPD Limit Notes
Batch EDG2807 - EPA S030C (GC)
Matrix Spike Dup (EDG2807-MSDI) Source: 6D27008-01 Prepared: 04/28/06 Analvzed: 05/01/06
Bensenc T o 0.0597 COVI0D  mpll 0.0500 ND 119 80-120 342 20
Tohene 0.0579 0.00100 " 0.0500 ND 1o §0-120 174 2
Ethvlbenzene 0.05%5 0.00100 . 0.0500 ND 117 80-120 0.00 20
Nvlene {pim) 0.120 0.00100 . 0.100 ND 120 80-120 0.00 20
Xykene (0) 0.0598 0.00100 . 0.0500 ND 120 80-120 0.00 20
Surrogate” a.a,o-Trifluoroioluene 43.5 g J00 109 80-120

6.4 " 40.0 116 80-120

Surrogaie: 4-Bromofluorobenzene

Environmental Lab of Texas

The resudis iz this report apply 1o the sampics anaivzed in accordance with the samples

recerved i the laboratory. This analvical report must be reproduced in ins entirely,

wiivwrnien approval of Environmenial Lab of Tesas

12600 West 1-20 East - Odessa, Texas 79705 - {(432) 563-1800 - Fax (432) 363-171

L

Page 6 of 10



Rice Operating Co.
122 W. Tavior

Hobbs NM, 88240

Project
Project Number

Project Manager:

BD Zachary Hinon Fux: (505) 397-1471

None Given Reported:

Kristin Farris-Pope (15/04/06 14:09

General Chemistry Parameters by EPA / Standard Methods - Quadity Control

Environmental Lab of Texas

Reponing Spike Source GuRIEC RPD
Analyte Result Linnt Units Level Result YaREC Limits RPD Limnit Notes
Batch EEGOTTS - General Preparation (WetChem)
Blank (ELGO1I5-BLKI Prepared; 04/27/06° Analyzed: 04/28/06
Totud I)ki;;u—h/ccl Solids ND 5,00 mp/l o o
Duplicate (EE6H115-DUPT) Source: 6D27015-01 Prepared: 04/27/06 Analyzed: 04/28/06
l_uml Dissolved Sulid; ’ 3020 5.00 mp/L 3040 0.660 5
Batch EE60116 - General Preparation (WetChem)
Blank (EEG60116-BLKT) Prepared & Analyzed: 03/01/06
Chloride ND 0.500  mygll
Sulfute ND 0.500 "
LCS (EE60T16-BST) Prepared & Analyzed: 05/01/06
Sulfate 947 0,500 my/L 10.0 94.7 80-120
Chloride 9.71 0.500 " 10.0 97.1 80-120
Calibration Checek (EE60116-CCV) Prepared & Analvzed: 05/01/06
Chioride 9.86 my/L 10.0 98.6 80-120
Sulfate 8.11 " 10.0 81.1 80-320
Duplicate (EEG0116-DUPT) Source: 6D27008-01 Prepared & Analvzed: 05/01/06
Sulfate 80.0 2.50 my/L 79.2 1.01 20
Chioride 493 2.50 " 49.0 0.610 20
Batch EEGO301 - General Preparation (WetChem)
Blank (EEGUIG-BLKI) Prepared & Analyzed: (05/03/06
Total Atkalinny ND 2,00 myg/L

Environmental Lub of Texas

Phe pesudts finths report apply 1o the sanipics anadvzed in accordance with the scompies
recerved in the laboratory. This analytical report must be reproduced in s ennrety,

with written approval of Environmemal Lab of Texas.

Page 7 of 10

12600 West 1220 East - Odessa, Texas 79705 - (432) 363-1800 - Fax {432) 363-1713




Fax: (505) 397-1471

Rice Opurating Co Project: BD Zachary Hinton
122 W Tavlor Project Number; None Given Reported:
Hobbs NM, 8240 Project Manager: Kristin Farris-Pope 05/04/06 14:09

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Envirenmental Lab of Texas

Reporting Spike Source YoREC RPD

Analyte Result Limit Units Level Result YaREC Limits RPD Limit Notes
Batch EEG60301 - General Preparation (WetChem)
LCS (EEGU30I-BST) Prepared & Analveed: 05/03/06
‘I‘%;;:::rl»(;lnl;Axrlrcer?kul;ni{):"ﬁii 214 mg/l 200 107 85-115
Duplicate (EE60301-DUPT) Source: 6D26006-01 Prepared & Analyzed: 05/03/06
Total Alkalinity 290 200 mgl 280 350 20
Reference (EEGO301-SRMIT) Prepared & Analyzed: 05/03/06
Total Alkalinity T 96.0 /L 100 96.0 90-110

Environmental Lub of Texas The resudts o tius report apply 1o the samples analvzed ur accordance with the samples

recerved i the laborawory. This analyncal report must be reproduced i its enurety,

withheritien approval of Environmenial Lab of Texas. Page $ of 10

12600 West [-20 East - Odessa, Texas 79705 - {4327 503-1800 - Fax (432) $65-1713




Rice Operating Co Project- B Zachary Thnton
122 W. Tavlos Project Number: None Given

[obhs NM, 88240 Project Manager:  Kristin Farris-Pope

Fax: (503) 397-1471

Reparied:

05/04/06 14:09

Total Mctals by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source YoREC RPD
Aunulvie Resnht Limit Units Level Result YaREC _imns RID Limit Notes
Bateh EDG2719 - 60 10B/No Digestion
Blunk (ED62719-BLK1) Prepared & Anatvzed: 04/27/06
E;l};}um ND ’ 0.0100 my/L - -
Magnesium ND 0.00]00 "
Potassium ND 0.0500 "
Sodium ND 0.0100 "
Calibration Check (ED62719-CCV1) Prepared & Analyzed: 04/27/06
ET;ICth 2.08 mg/L 85-113
Magnesium 2.10 ! 85-115
Potassium 1.94 " 85-115
Sodium 1.96 ! §5-115
Duplicate (ED62719-DUPT) Source: 6D260B6-01 Prepared & Analyzed: 04/27/06
Calcium 0.0366 0.0100 mg/L 0.0367 0.273 ) 20
Magnesium ND 0.00100 ! ND 20
Potasstum 0275 0.0500 " 0.275 0.00 20
Sodium 13.0 0.100 ! 12.1 7.17 20
Environmental Lab of Texas The resuliy in this report apply 1o the samples analvzed in accordance with the samples

recaved in the laboratory. This analviical report must be veproduced in it entirety,

with writien approval of Enviconmemal Lab of Texas.

bl

193

12600 West 1-20 East - Odessa, Texas 79705 - (4329 363-1800 - Fax (432) 363-171
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Rice Operating Co
122 W Tavior
Hobbs NM. §8240

Project. B Zachary Hinton Fax: (505) 397-1471

Project Number: None Given Reported:

Project Manager: Kristin Farris-Pope 05/04/06 14:09

DET

NID

NR

Dup

Report Approved By:

Analyte DETECTED

Anatyte NOT DETECTED at or above the reporting limit
Not Reported

Sample results 1eported on a dry weight basis

Relative Percent Difference

Laboratory Controt Spike

Malrix Spike

Duphicate

/ , .
L{Of’] amd K §BN

Notes and Definitions

Date: 5/4/2006

Raland K. Tutle, Lab Manager
Celey D. Keene, Lab Director, Org. Tech Director
Pepgy Allen, QA Officer

Jeanne Mc Murrey, Inorg. Tech Director
LaTasha Cornish, Chemist
Sandra Sanchez, Lab Tech.

This material is infended only for the use of the individual (s) or entity to whom 1t is addressed, and may contain

information that is privileged and confidential.

Hyou have received this material in crror. please notify us immediately at 432-563-1800.

Environmental Lab of Texas

12600 West 1-20 East - Odes

The results b tins repori apply 1o the samples analyzed in accordance with the sompies
received in the fuborarory. This analviical report musi be reproduced i entirety,

with writien approval of Environmemal Lab of Texas .
; ’ Page 10 of 10

a, Texas 79705 - {432) 363-1800 - Fax (432) 563-1713
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Environmentzl Lab of Texas
Veriance | Corrective Action Report — Sample Log-l

. ?2{(10 =)

Szmple Receipt Checklist
crrature of container/coaler? | Yes | Mo | e C o
cinc contzirzrconler in gocd condition”? | ¥es | no | !I
‘ady Seals intac on shlpoir.g container/coclhzr? ‘Eﬁés ll ta | ;
«ccy Sasle intact on samgele tottles? ¢z 1 Mo f_ [
in of cusicdy prasent? Yes | No | ) !
D|C Insiruciions __‘r”)f‘le”‘ cn r‘f\mll’"l of Cuzicey? ] Le | Mo i i
of Cusicdy sioned when re mcurhed and reczived? ‘, F=3 | Mo [ |
inoef custnCy aGress wlts‘l quuple !abE[[:,\ ‘x'xa 5 Mo |
taing: lzbels leaicle and inlact? D | Mo |
wole Mzirix end prooerties same 8s on ¢hain of cusicdy? ] Yo | Mo | 1
1cles in procer contginer/oottle? | ¥ | Mo |
scies procedy preserved? I Y } Mo ;
qciz bottles inect? [ %= | Mo | |
SEC/EUNNS c'cc:r“ aed on Cinain rf 3 e ﬁ | Fes | bo |
C, Y 12 0EX i a ie} | ér.c 1
| 7= | MNa | |
| 2 | Mo | |
| 25 | Mo | ;
P YEs | dlo | Net Aceiicsnle )
“Er cnsenvaions:
Variance Documentzation:
anizst Person Detz/Time: Contzciad by
2zarding:
sriezive Acuon Taken:




(UL TracEANALYSTS, Tne il
6701 Aberdeen Avenue, Suite 8 Lubbock, Texas 79424 80003?801296 806279401286  FAX 80679421288

155 MeCuteheon, Suie H Fl Paso, Texaz 78832 BBU5B8B03443 810058500443 FAY 815050504044
E-hali lah@uaceanalysis com :

Ll

Analytical and Quality Control Report

Kristen Farris-Pope
Rice Operaring Company
122 W Taylor Street Work Order: 6072143

Hobbs, N, §8240 e

Project Location: Lea County,NM
Project Name: BD Zachary Hinton
Project Number:  BD Zachary Hinton

Report Date:  August 9, 2006

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

Date Time Date
Sample Description Matrix Taken Taken Received
96140 Monitor Well #1 water 2006-07-19 12:55 - 2006-07-21

These results represent only the samples received in the laboratory. The Quality Control Report 1s generated on a batch basis. All
information contuined in this report is for the analytical batch(es) in which your sample(s) were analyzed.

This report consists of a total of 10 pages and shall not be reproduced except in its entirety, without written approval of TraceAnalysis,
Inc.

ke g3/

Dr. Blair Lefrwich, Director




Report Date: August 9, 2006
BD Zachary Hinton

Work Order: 6072143
BD Zachary Hinton

Page Number: 2 of 10
Lea County,NM

Sample: 96140 - Monitor Well #1

Analytical Report

Analysis: Alkalinity Analytical Method:  SM 2320B Prep Method:  N/A
QC Batch: 28340 Date Analyzed: 2006-07-26 Analyzed By: LIJ
Prep Batch: 24777 Sample Preparation:  2006-07-25 Prepared By: LI
RL
Parameter Flag Result Units Dilution RL
Hydroxide Alkalinity <1.00 mg/L as CaCo3 1 1.00
Carbonate Alkalinity <1.00 mg/L as CaCo3 I 1.00
Bicarbonate Alkalinity 188 mg/L as CaCo3 ] 4.00
Total Alkalinity 188 mg/L as CaCo3 1 4.00

Sample: 96140 - Monitor Well #1

Analysis: BTEX
QC Batch: 28277
Prep Batch: 24759

Analytical Method: S 8021B
Date Analyzed: 2006-07-24
Sample Preparation:  2006-07-24

Prep Method: S 5030B

Analyzed By: MT
Prepared By:  MT

RL
Parameter Flag Result Units Dilution RL
Benzene <0.00100 mg/L 1 0.00100
Toluene <0.00100 mg/L ] 0.00100
Ethylbenzene <0.00100 mg/L I 0.00100
Xylene <0.00100 mg/L 1 0.00100

Percent Recovery

Surrogate Flag Result Units Dilution Amount Recovery Limits
Trifluorotoluene (TFT) 0.0961 mg/L 1 96 66.2 - 1277
4-Bromofluorobenzene (4-BFB) ' 0.0585 mg/L 1 58 70.6-129.2
Sample: 96140 - Monitor Well #1
Analysis: Cations Analytical Method: S 6010B Prep Method: S 3005A
QC Baich: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP

Prep Batch: 24749

Sample Preparation:  2006-07-24

Prepared By: TS

RL

Parameter Flag Result Units Dilution RL
Dissolved Calcium 98.2 mg/L ] 0.500
Dissolved Potassium 12.8 mg/L 1 1.00
Dissolved Magnesium 49.3 mg/L 1 1.00
Dissolved Sodium 230 mg/L 10 1.00
Sample: 96140 - Monitor Well #1
Analysis: lon Chromatography Analytical Method:  E 300.0 Prep Method:  N/A
QC Batch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB

Sample Preparation:  2006-08-02 Prepared By:  WB

Prep Batch: 25167

YBFB surrogate recovery outside normal limits. JCV/CCV and TFT surrogate recovery show the method 1o be in cantrol.,



Report Date: August 9, 2006
BD Zachary Hinton

Work Order: 6072143
BD Zachary Hinton

Page Number: 3 of 10
Lea County,NM

RL
Parameter Flag Result Units Dilution RL
Chlonde 375 mg/L 50 0.500
Sulfate 234 mg/L 50 0.500

Sample: 96140 - Monitor Well #1

Analysis: TDS
QC Batch: 28406
Prep Batch: 24850

Analytical Method:  SM 2540C
Date Analyzed: 2000-07-27
Sample Preparation:  2009-07-26

Prep Method:  N/A
Analyzed By: SM
Prepared By:  SM

RL
Parameter Flag Result Units Dilution RL
Total Dissolved Solids 1318 mg/L 2 10.00

Method Blank (1) QC Batch: 28277

QC Batch: 28277
Prep Batch: 24759

Date Analyzed:  2006-07-24
QC Preparation:  2006-07-24

Analyzed By: MT
Prepared By: MT

MDL

Parameter Flag Result Units RL
Benzene <0.000255 mg/L 0.001
Toluene <0.000210 mg/L 0.001
Ethylbenzene <0.000317 mg/L 0.001
Xylene <(0.000603 mg/L 0.001

Spike Percent Recovery
Surrogate Flag Result Units Dilution Amount Recovery Limits
Trifluorotoluene (TFT) (.0949 mg/L 1 0.100 95 76.1-117
4-Bromofluorobenzene (4-BFB) 0.0633 mg/L I 0.100 63 58.5-118

Method Blank (1) QC Batch: 28340

QC Batch: 28340
Prep Batch: 24777

Date Analyzed:  2006-07-20
QC Preparation:  2006-07-25

Analyzed By: LJ
Prepared By: LI

MDL
Parameter Flag Result Units RL
Hvdroxide Alkalinity <1.00 mg/L. as CaCo3 1
Carbonate Alkalinity <1.00 mg/LL as CaCo3 ]
Bicarbonate Atkalinity <4.00 mg/L as CaCo3 4
Total Alkalinity <4.00 mg/L as CaCo3 4

Method Blank (1) QC Batch: 28356

QC Batch: 28356
Prep Bawch: 24749

Date Analyzed:  2006-07-26
QC Preparation:  2006-07-24

Analyzed By: TP
Prepared By: TS



Report Date: August 9, 2000
BD Zachary Hinton

Work Order: 6072143
BD Zachary Hinton

Page Number: 4 of 10
Lea County,NM

MDL
Parameter Flag Result Units RL
Dissolved Calcium 0.132 mg/L 0.5
Dissolved Potassium 1.08 mg/L I
Dissolved Magnesium <0.704 me/L 1
Dissolved Sodium 0.836 mg/L 1
Method Blank (1) QC Batch: 28406
QC Barch: 28406 Date Analyzed:  2006-07-27 Analyzed By: SM
Prep Batch: 24850 QC Preparation:  2006-07-26 Prepared By:  SM
MDL
Purameter Flag Result Units RL
Total Dissolved Solids <5.000 mg/L 10
Mcthod Blank (1) QC Bartch: 28782
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB
MDL

Parameter Flag Result Units RL
Chloride <0.0181 mg/L 0.5
Sulfate <0.0485 mg/L 0.5
Duplicates (1)
QC Batch: 28340 Date Analyzed:  2000-07-26 Analyzed By: LI
Prep Batch: 24777 QC Preparation:  2006-07-25 Prepared By: LI

Duplicate Sample RPD
Param Result Result Units Dilution RPD Limit
Hydroxide Alkalinity <1.00 <1.00 mg/L as CaCo3 1 0 20
Carbonate Alkalinity <1.00 <1.00 mg/L as CaCo3 1 0 20
Bicarbonate Alkalinity 110 108 mg/L as CaCo3 1 2 12.6
Total Alkalinity 110 108 mg/L as CaCo3 1 2 11.5
Duplicates (1)
QC Batch: 28406 Date Analyzed:  2006-07-27 Analvzed By:  SM
Prep Baich: 24850 QC Preparation:  2006-07-26 Prepared By:  SM

Duplicate Sample RPD

Param Result Result Units Dilution RPD Limit
Total Dissolved Solids 768.0 928.0 mg/L 2 19 17.2




Report Date: August 9, 2006
BD Zachary Hmton

Work Order: 6072143
BD Zachary Hinton

Page Number: S of 10
Lea County. NM

Laboratory Control Spike (LCS-1)

QC Batch: 28277 Date Analyzed:  20006-07-24 Analyzed By: MT
Prep Batch: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
LCS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Benzene 0.109 mg/L | 0.1 0 109
Toluene 0.108 mg/L ] 0.1 0 108
Ethylbenzene 0.109 mg/L | 0.1 0 109
Xylene 0.322 mg/L 1 0.3 0 107.333
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Benzene 0.104 me/L 1 0.1 0 109 47 20
Toluene 0.103 mg/L 1 0.1 0 108 4.7 20
Ethylbenzene 0.101 mg/L 1 0.1 0 109 7.6 20
Xylene 0.306 mg/L 1 0.3 0 107.333 5.1 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCS LCSD Spike LCS LCSD Rec.
Surrogate Result Result Units Dil. Amount Rec. Rec. Limit
Trifluorotoluene (TFT) 0.101 0.101 mg/L 1 0.100 101 101 §1.8-114
4-Bromofluorobenzene (4-BFB) 0.112 0.111 mg/L 1 0.100 112 111 72.7-116
Laboratory Control Spike (LCS-1)
QC Batch: 28356 Daie Analyzed: 2006-07-26 Analyzed By: TP
Prep Batch: 24749 QC Preparation:  2006-07-24 Prepared By: TS
LCS Spike Matrix . Rec.

Param Result Units Dil. Amount Result Rec. Limit
Dissolved Calcium 51.7 mg/L 1 50 0 103.4
Dissolved Potassium 50.8 mg/L 1 50 0 101.6
Dissolved Magnesium 51.5 mg/L 1 50 0 103
Dissolved Sodium 50.5 mg/L 1 - 50 0 101
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec, RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limt
Dissolved Calcium 51.7 mg/L 1 50 0 103.4 0 20
Dissolved Polassium 493 mg/L ] 50 0 101.6 3 20
Dissolved Magnesium 49.8 mg/L i 50 0 103 34 20
Dissolved Sodium 48.6 mg/ ! 50 0 101 3.8 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Laboratory Control Spike (LCS-T)
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By:  WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WRB



Work Order: 6072143
BD Zachary Hinton

Report Date: August 9, 2006
BD Zachary Hinton

Page Number: 6 of 10
Lea County,NM

LCS Spike Matrix Rec.
Param Result Units Dil. Amount Result Rec. Limit
Chloride 12.2 mg/L 1 12.5 0 97.6
Sulfute 12.5 mg/L 1 12.5 0 100
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Chloride 12.3 mg/L 1 12.5 0 97.6 0.8 20
Sulfate 12.5 mg/L 1 12.5 0 100 0 20
Percent recovery s based on the spike result. RPD is based on the spike and spike duplicate result.
Matrix Spike (MS-1)  Spiked Sample: 96149
QC Barch: 28277 Date Analyzed:  2006-07-24 Analyzed By: MT
Prep Batch: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
MS Spike Matrix Rec.
Param Result Units Dil. Amount Result Rec. Limit
Benzene 0.107 mg/L 1 0.100 <0.000255 107 70.9 - 126
Toluene 0.105 mg/L 1 0.100 <0.000210 105 70.8 - 125
Ethylbenzene 0.106 mg/L 1 0.100 <0.000317 106 74.8 - 125
Xylene 0.311 mg/L 1 0.300 <0.000603 104 75.7-126
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
MSD Spike Matrix Rec. RPD
Param Result  Units  Dil.  Amount Result Rec. Limit RPD Limit
Benzene ? NA mg/L 1 0.100 <0.000255 0 70.9-126 200 20
Toluene 3 NA mg/L 1 0.100 <0.000210 0 70.8 - 125 200 20
Ethylbenzene 4 NA mg/L ] 0.100 <0.000317 0 74.8-125 200 20
Xylene 3 NA mg/L 1 0.300 <0.000603 0 75.7-126 200 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
MS MSD Spike MS MSD Rec.
Surrogate Result Result Units Dil. Amount Rec. Rec. Limit
Trifluorotoluene (TFT) E 0.101 NA - mg/L i 0.1 101 0 73.6-121
4-Bromofivorobenzene (4-BFB) 7 0.110 NA mg/L 1 0.1 110 0 81.8-114
Matrix Spike (MS-1)  Spiked Sample: 96124
QC Batch: 28356 Date Analyzed:  2006-07-26 Analyzed By: TP
Prep Batch: 24749 QC Preparation:  2006-07-24 Prepared By: TS

IRPD s out of range because a matrix spike duplicate was not prepared,
ARPD is out of range because a matrix spike duplicate was not prepared.
“RPD is out of range because a matrix spike duplicate was not prepared.
SRPD is owt of range because a matrix spike duplicate was nos prepared.
ORPD is out of range because a matrix spike duplicale was no prepared.
TRPD is out of range because a matrix spike duplicate was not prepared.



Report Date: August 9, 2006
BD Zachary Hinton

Work Order: 6072143
BD Zachary Hinton

Page Number: 7 of 10
Lea County,NM

MS Spike Matrix Rec.

Puram Result Units Dil. Amount Result Rec. Limit
Dissolved Calcium 416 mg/L ] 50.0 361 110 68.4 - 138
Dissolved Potassium 73.8 mg/L ] 50.0 22 104 82-129
Dissolved Magnesium 208 mg/L ! 50.0 147 122 61.2-135
Dissolved Sodium 633 mg/L | 50.0 578 110 81.8-125
Percent recovery is based on the spike result. RPD is bused on the spike and spike duplicate result.

MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Digsolved Calcium 406 mg/L 1 50.0 361 90 684 - 138 2 20
Dissolved Potassium 813 mg/L ] 50.0 22 119 82-129 10 20
Dissolved Magnesium 194 mg/L ] 50.0 147 94 61.2-135 7 20
Dissolved Sodium 637 mg/L 1 50.0 ST8 118 §1.8-125 | 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Matrix Spike (MS-1)  Spiked Sample: 96141
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB

MS Spike Matrix Rec.

Param Resul Units Dil. Amount Result Rec. Limit
Chioride 2210 mg/L 100 12.5 988 98 254 -171
Sulfate 1580 mg/L 100 12.5 298 102 0-677
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Chloride 2200 mg/L 100 12.5 988 97 254 - 171 0 20
Sulfate 1550 mg/L 100 12.5 298 100 0-677 2 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Standard (1CV-1)
QC Batch; 28277 Date Analyzed: 2006-07-24 Analyzed By: MT

ICVs 1CVs ICVs Percent
True Found Percent Recovery Date

Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene mg/L 0.100 0.104 104 §5-115 2006-07-24
Toluene mg/L 0.100 0.104 104 85-115 2006-07-24
Ethylbenzene mg/L 0.100 0.104 104 85~ 115 20006-07-24
Xylene mg/L 0.300 0314 105 85 - 115 2006-07-24

Standard (CCV-1)

QC Batch: 28277

Date Analyzed:  2006-07-24

Analyzed By: MT
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CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene meg/l 0.100 0.107 107 85-115 2006-07-24
Toluene mg/L 0.100 0.105 105 85- 115 2006-07-24
Ethylbenzene mg/L 0.100 0.106 106 85 - 115 2006-07-24
Xylene mg/lL 0.300 03N 104 85-115 2006-07-24
Standard (ICV-1)
QC Batch: 28340 Date Analyzed:  2006-07-26 Analyzed By: L]
ICVs 1CVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Alkalinity mg/L as CaCo3 250 240 96 90-110 2006-07-26
Standard (CCV-1)
QC Batch: 28340 Date Analyzed: 2006-07-26 Analyzed By: LJ
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Alkahinity mg/L as CaCo3 250 240 96 90-110 2006-07-26
Standard (ICV-1)
QC Batch: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP
ICVs ICVs 1CVs Percent
True Found Percent Recovery Date
Param Flag Units Conc, Conc. Recovery Limits Analyzed
Dissolved Calcium meg/L 50.0 50.7 101 90 - 110 2006-07-26
Dissolved Potassium mg/lL 50.0 52.0 104 90-110 2006-07-26
Dissolved Magnesium mg/L 50.0 49.6 99 90-110 2006-07-26
Dissolved Sodium mg/L 50.0 50.9 102 90 -110 2006-07-26
Standard (CCV-1)
QC Batch: 28356 Date Analyzed:  2006-07-26 Analyzed By: TP
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Cone. Cone. Recovery Limits Analyzed
Dissolved Calcium mg/L 50.0 51.2 102 90-110 20006-07-26
Dissolved Potassium mg/L 50.0 54.6 109 90-110 2006-07-26
Dissolved Magnesium mg/L 50.0 50.0 100 90 - 110 2006-07-26
Dissolved Sodium mg/lL 50.0 53.2 106 90 - 110 2000-07-26
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Standard (ICV-1)

QC Batch: 28406 Date Analyzed: 2006-07-27 Analyzed By: SM
ICVs ICVs 1CVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 1056 106 90-110 2006-07-27
Standard (CCV-1)
QC Batch: 28406 Date Analyzed: 2006-07-27 Analyzed By: SM
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Lamits Analyzed
Total Dissolved Solids mg/L 1000 1075 108 90 - 110 2006-07-27
Standard (ICV-1)
QC Bawch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB
ICVs ICVs 1CVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Chloride mg/L 12.5 124 99 90 -110 2006-08-02
Sulfate mg/L 12.5 12.7 102 90- 110 2006-08-02
Standard (CCV-1)
QC Batch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Chloride me/L 12.5 i2.2 98 90-110 2006-08-02
Sulfate mg/L 12.5 12.4 99 90-110 20006-08-02
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1.0 EXECUTIVE SUMMARY

This report presents the results of the characterization activities
performed by R.T. Hicks Consultants (Iicks Consultants) and Rice
Operating Company (ROC) at the Zachary Hinton EOL Junction Box
site. Based on field data, laboratory results, and predictive modeling, the
selected remedy for the site involves placing clean fill within the
excavation and placing about 3-feet of topsoil and over the site installed
with a slight crown to promote surface runoff, then seeding the site with
native vegetation. Using highly conservative input data, HYDRUS-1D
modeling of this scenario predicts that resulting ground water chloride
concentrations due to migration of residual chloride to ground water are
less than 70 ppm above background concentrations (assumed as 100
ppm) after five years.

Ground water monitoring data confirm that the HYDRUS-1D
predictions are conservative in that they over estimate the impact of
residual chloride transport to ground water. After two years of ground
water monitoring, chloride concentrations in ground water beneath the
site have returned to ambient conditions (300-400 ppm).

We propose to employ MODFLOW and its contaminant transport
module to predict the fate and transport of the historic impact to ground
water quality evidenced by the first sample analysis. We hypothesize
that the simulation modeling will show that natural dilution and disper-
sion has effectively mitigated any past impact to ground water quality.

This remedy is protective of ground water quality, human health, and
the environment. We recommend that NMOCD close the regulatory file
after completion of surface restoration and proposed modeling and
forego regulation of this site under Rule 19.

SULTARNTS, LTD.




2.0

DATA SUMMARY &
CONCLUSIONS

2.1 DATASUMMARY

1.

N

w

In early 2002, ROC upgraded the junction box, characterized
the upper vadose zone, and installed a monitoring

well about 20 feet down gradient from the former box.
Chloride concentrations in the vadose zone exceed 1,000 ppm
from 5 feet below ground surface to ground water.

The first ground water sample from the monitoring well
exhibited a chloride concentration of 1,000 ppm.

Sampling of nearby supply wells demonstrates that the ambi
ent chloride concentration in ground water is 300-400 ppm at
the site.

Nine months of quarterly monitoring after installation of the
monitoring well, chloride concentrations in samples from the
monitoring well returned to the regional background concen-
tration, 300-400 ppm.

2.2 CONCLUSIONS

1.

!\)

The chemical data, the sandy lithology of the vadose zone, the
lack of hydrocarbons in soil, and the water production history
of the site support a conclusion that periodic small releases of
produced water moved vertically from the junction box to
ground water without horizontal dispersion.

The nature of the release and the site investigation results
support a conclusion that the magnitude and extent of the
release is sufficiently defined to permit design of a remedy.

In the past, leakage from the site caused a highly localized
zone of ground water impairment.

Due to the nature of the release, the cross-gradient (east-west)
extent of the historic impairment of ground water is probably
less than 40 feet.

Although a single monitoring well cannot define the down
gradient (north-south) extent of chloride in ground water
caused by past releases, the Second Law of Thermodynamics
supports a conclusion that natural dispersion and dilution will
cause chloride to reach background concentrations after a
relatively short down gradient transport distance.

Ground water data from nearby wells and data from the
Zachary Hinton EOL site monitoring wells support the conclu-
sion that 2004-2005 ground water samples from the Zachary
Hinton EOL monitoring well are at background concentrations




and therefore do not now exceed the state ground water
standards for chloride and TDS.

7. Other than TDS and chloride, no other constituents of concern
exceed the New Mexico numerical ground water standards in
the area near the site.

8. The HYDRUS-1D simulation that considers re-vegetation of
the site provides an accurate representation of the current
condition and agrees with site ground water data.

2.3 PROPOSED REMEDY

We recommend restoring the ground surface in the excavation using soil
that will permit re-vegetation. Because the water quality at the site has
returned to background conditions, we recommend plugging and aban-
donment of the existing monitoring well and closure of the regulatory file
for this site, pending documentation of appropriate surface reclamation
and presentation of the proposed saturated zone modeling experiment.




3.0 STAGE 1 ABATEMENT PLAN

ROC characterized the uppermost vadose zone during the junction box
upgrade program. The results of this characterization are included in
the disclosure report (Appendix A). ROC obtained samples of the deep
vadose zone using an air-rotary technique and split spoon sampling.
This delineation program adequately defines site conditions, and provide
the data necessary to select and design an effective abatement option for
the vadose zone (see Rule 19.15.1.19.E.3).

ROC characterized the saturated zone through more than three years of
ground water monitoring. Hicks Consultants and ROC augmented this
ground water quality database by collecting samples from nearby wells
and by researching historic ground water quality data. The ground
water delineation program adequately defines site conditions, and
provides the data necessary to select and design an effective abatement
option for the saturated zone (see Rule 19.15.1.19.E.3).

The following sections of this report present the results of the character-
ization programs.

3.1 CHRONOLOGY OF EVENTS

The disclosure report prepared by Rice Operating Company (ROC) in
January 21, 2003 (Appendix A) summarizes the initial activities at the
site. NMOCD approved the Hicks Consultants July 2, 2003 work plan
for the site on August 21, 2003 (see Appendix B). Since the initial
upgrade of the end-of-line box and installation of the monitoring well in
2002, ROC has overseen nearly four years of ground water sampling,.
Table 1 summarizes the chronology of events.

3.2 SITE LOCATION AND LAND USE

The Zachary Hinton EOL Junction Box is located about 2.5 miles south-
east of the intersection of State Routes 18 and 8/176, near Eunice, New
Mexico. Plate 1 shows the location of the site relative to Eunice, New
Mexico. The general area of the site is employed for grazing and oil
production. Plate 2 is a 2004 image showing the site, nearby oil wells
and other development on this rangeland.

3.3 GEOLOGY & HYDROGEOLOGY

3.3.1 Regional & Site Hydrogeology

Plate 3 presents a geologic map of southern Lea County. This map
shows the Ogallala Formation is present throughout much of the area
and is underlain by the Dockum Group redbeds (the Dockum Group is
mapped as T (r) cu on Plate 3). Along Monument Draw, erosion has




Table1. Chronology of Events al the Zachary Hinton EOL Box

February 6, 2002

ROC upgrades EOL junction box and characterizes upper
vadose zone

February 28, 2002

ROC installs monitoring well adjacent to EOL junction box

March 12, 2002

ROC notifies NMOCD of groundwater impact

April 2002 to June
2003

ROC conducts four quarters of ground water monitoring to
confirm initial result and collect data in preparation for a
corrective action plan

July 2, 2003

Hicks Consultants submits a corrective action workplan to
NMOCD for review

August 21, 2003

NMOCD approves the workplan, which includes collection of
ground water quality data from nearby supply wells and
HYDRUS-1D simulation modeling

January 30, 2004

Hicks Consultants submits a Corrective Action Plan for
NMOCD Review

December 3, 2004

NMOCD requests additional information

December 8, 2004

Hicks Consultants provides requested information

May 5, 2005

NMOCD orders ROC to submit an Abatement Plan pursuant
to Rule 19

June 29, 2005

Hicks Consultants requests reconsideration of Abatement Plan
Requirement

July 13, 2005

NMOCD re-iterates Abatement Plan Requirement

stripped the Ogallala and deposition of alluvium over the redbeds has
- created a separate aquifer that is hydraulically connected to the Ogallala
in many locations (see Nicholsen and Clebsch, 1961).

Plate 4 displays the portion of the geologic map of southern Lea County
southeast of Eunice, New Mexico (Nicholsen and Clebsch, 1961). The
Ogallala Formation underlies the City of Eunice and the eastern bound-
ary of Plate 4. Quaternary erosion and deposition removed the Ogallala
and deposited alluvium within the central part of Plate 4, which effec-
tively outlines the active channel of Monument Draw. The Zachary
Hinton EOL junction box is plotted on Plate 4 and is in the middle of the
alluvium within Monument Draw.

Plate 4 also shows the elevation of the top of the red-bed surface. The
Dockum Group red beds are an aquiclude below the Ogallala and allu-




vial aquifers. In the area of the Zachary Hinton EOL junction box, the
red bed elevation contours define a paleo-valley just west of and sub-
parallel to Monument Draw. The elevation of the red-bed surface exerts
controls on ground water flow. Where this surface is higher than the
water table elevation, it obviously creates a barrier to flow. Where the
red-bed surface is an expression of a paleo-valley, such as our area of
interest, ground water may be directed toward the axis of this subsurface
feature and the saturated thickness of the aquifer can increase as a
result.

Plate 5 is the ground water map of southern Lea County (Nicholsen and
Clebsch, 1961) covering the same area as Plate 4. This plate shows that
the water table elevation mimics the red-bed elevation. At the Zachary
Hinton EOL junction box site, ground water flows south, parallel to
Monument Draw. Nicholsen and Clebsch (1961) conclude that “The
bulk of the water [in the sediments along Monument Draw and under
the Eunice Plain] is derived by underground flow from the Laguna
Valley [Monument] area.” The red-bed surface map and the water table
map support this hypothesis.

Although the quality of the City of Eunice water supply wells is about
100 mg/L chloride (see Nicholson and Clebsch, 1961), a more detailed
investigation of the area near the Zachary Hinton EOL site shows higher
background levels. Plate 6 shows the locations of wells with past and
present water quality data and Table 2 (attached) presents the results for
chloride. A later section of this report discusses the local ground water
chemistry.

By comparing the data from Nicholsen and Clebsch (1961) presented in
Plates 4 and 5 of this report, one can estimate the saturated thickness of
the alluvium in our area of interest is approximately 25-75 feet (2.6-22
meters). As shown on Plate 5, the hydraulic gradient in our area of
interest is about 0.004.

Freeze and Cherry (1979) present a chart that compares hydraulic
conductivity values to grain size and employing this chart for the uncon-
solidated sand in the uppermost saturated zone (50-60 feet below
ground surface) yeilds a hydraulic conductivity value of 10* m/s. The
resultant transmissivity of the unit is 1.5 x 10®* m/s.  The storativity
(specific yield or porosity for this unconsolidated water table aquifer) of
this sand should be about 0.25. From these data we calculate the rate of
ground water flow as 0.14 m/d.

Surface water in the area is ephemeral and flows in Monument Draw
occur only after large precipitation events. We found no evidence to
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suggest that the release from the junction box affected Monument Draw
in any manner. Therefore, this document does not provide information
on surface water hydrogeology.

3.4 WATER WELL INVENTORY

Appendix D presents the locations and other data of wells within the
Office of the State Engineer database for the area within 1-mile of the
Zachary Hinton EOL junction box site and the adjacent area. To this
table we have added several wells discovered by field reconnaissance.

A later section of this report presents data to show that no existing
supply wells are threatened by the release from the Zachary Hinton EOL
junction box.

3.5 SUBSURFACE SOILS MONITORING PROGRAM

3.5.1 Results :

The soil boring (Plate 7 and Appendix E) and backhoe excavation data
(Appendix A) demonstrate that the vadose zone is sand and does not
contain the caliche horizons that are common to the Ogallala Formation.
This vadose zone profile is typical of the Quaternary Alluvium and is
consistent with the geologic mapping presented in Plate 4.

The investigations did not detect evi-

dence of regulated petroleum hydrocar- Chioride ppm

bons in the vadose zone. Because ‘ 0 2000 4000 6000 8000 10000
regulated hydrocarbons were not 0 ’ ' ‘

present, further inquiry with respect to 10 \\

hydrocarbons is not warrented. In \\

borehole samples, chemical data show 20

concentrations of chloride greater than B 4 -

200 ppm from 11 feet below ground i

surface to 50 feet below ground surface é‘ 40

(Figure 1). The chloride concentrations

greater than 1,000 ppm prompted ROC 50 //'
to complete a monitoring well at this 680

site.

70 -
3.5.2 Nature of the Release
Appendix C presents our conceptual —
Fnode.l of produced water releases frqm Figure 1. Borehole Chloride
junction boxes, such as the Zachary Hinton EOL site. In the absence of vs. Depth

crude within the pores of the vadose zone at the release site, the vertical
flow of produced water is less restricted. At this site, we believe that
episodic releases of produced water entered the vadose zone and mi-
grated vertically.




Chloride concentrations in excess of 1,000 ppm from below the junction
box to ground water suggest that past releases from the junction box
created saturated conditions in the vadose zone. Additionally, the
geometry of the chloride v. depth profile of the boring may cause one to
hypothesize that chloride concentration peaks at 20, 35 and 50 feet
below ground surface represent three separate release events. However,
without definitive grain size or moisture content analyses, these types of
hypotheses are not always correct. A fine-grained horizon (such as a
caliche) will have materially higher chloride concentrations than a sand
horizon that immediately overlies the fine-grained horizon due to the
higher moisture content.

We believe that the large difference between chloride values from 0-30
feet versus the higher values observed below 30 feet suggest that releases
from the Zachary Hinton EOL junction box decreased significantly about
15-20 years ago. We base this hypothesis on measurements of chloride
migration in the vadose zone of 1 to 3 feet per year at a site near
Lovington, New Mexico. We also believe that the chloride concentra-
tions from 0-30 feet suggest that some leakage continued at the site until
ROC replaced the box in 2003.

3.5.3 Extent & Magnitude of Brine in the Vadose Zone

The chemical data, the sandy lithology of the vadose zone and the lack
of hydrocarbons in the release allow us to conclude that produced water
moved vertically from the junction box to ground water. Therefore the
vertical extent of the release in the vadose zone is the entire 50-60 foot
thick column. The horizontal extent of the release to the vadose zone is
defined by the footprint of the former junction box. We believe that
produced water moved vertically without the horizontal dispersion
because the absence of fine-grained caliche horizons or clay layers in the
vadose zone permits one-dimensional vertical flow. We also conclude
that the chloride concentration data of the borehole adequately define
the magnitude of the release to the vadose zone.

3.6 GROUND WATER QUALITY MONITORING PROGRAM

3.6.1 Results
As stated above, ROC found no hydrocarbons in soil and have not
detected hydrocarbons in ground water.

Figure 2 presents ground water quality data from the monitoring well
that is located within 20 feet of the former Zachary Hinton EOL junction
box.  Chloride concentrations were about 1,000 mg/L in early 2002,
soon after replacement of the junction box. The concentration of chlo-
ride declined significantly after the first sampling event then continued
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to decline until june 2003. Since mid

BD jct. 0-12 (Zachary Hinton) Monitor Well

summer of 2003, chloride concentrations [ ——iCiorde]  =—={Total Dissolved Solda
remained stable (less than 500 mg/L). With 1600

the exception of an anomalous analysis tied 1400 1 N B I \

to documented laboratory errors in Decem- /\/\ J \

ber 2004, TDS concentrations have fol- [ — N YT A
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current ground water quality of nearby

|

water supply wells. Plate 6 shows the
locations of nearby wells that have historical water quality data and
presents the chloride concentration in ground water for each of these

wells.

West of Monument Draw, the data show the chloride concentration in
the City of Eunice wells and the Peters West well are below Water Qual-
ity Control Cominission numerical standards for ground water. Wells
within or near Monument Draw, however, generally exceed the numeri-
cal standards. The difference between the water quality west of Monu-
ment Draw and the water quality within and near the Draw has been
evident since the 1950s when Nicholson and Clebsch sampled the water
of the area (Table 2).

Up gradient (north) from the Zachary Hinton EOL site, chloride concen-
tration in the Active Windmill of Section 36 is 460 ppm. Like the
Zachary Hinton EOL site, this well lies within Monument Draw. The
chloride in this active windmill is consistent with the chloride concentra-
tions observed in wells 22.37.1.440 and 22.37.24.133b (average of 422
and 675 ppm respectively) in the 1950s, both of which are located within
Monument Draw. The Peters East well, which lies within Monument
Draw and is down gradient of the Zachary Hinton EOL site, exhibits a
chloride concentration of 438 ppm. As stated above the recent chloride
concentrations in the Zachary Hinton EOL monitoring well are less than
400 ppm. This measurable difference in chemistry between the Zachary
Hinton Site and the Peters East well could be due to the effect of higher
quality ground water flowing into the Monument Draw area from the
west (e.g. 200 ppm chloride in the Peters West well), or the difference
may be due to normal variance associated with sampling and analysis.
From these data we can conclude that 2004-2005 ground water samples

Zank
AEIEEELSE

Figure2. Chloride and
TDS in site monitor well
over tiine.
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from the Zachary Hinton EOL monitoring well are at background con-
centrations and therefore do not now exceed the state ground water
standards for chloride and TDS.

3.6.2 Other Constituents of Concern

The laboratory did not detect any regulated petroleum hydrocarbons in
ground water. Sulfate concentrations in ground water are below New
Mexico numerical standards. The evidence allows us to conclude that
only chloride and total dissolved solids exceed the numerical ground
water standards.

3.6.3 Extent and Magnitude of TDS and Chloride in Ground Water

As suggested above, we conclude that the horizontal extent of the near
surface release was confined to the size of the junction box itself and
produced water flowed vertically through the vadose zone without
material lateral dispersion to ground water.. Therefore, the monitoring
well, which is Jocated about 20 feet down gradient from the former
junction box, provides representative ground water chemistry data for
the aquifer immediately below the release. These data show chloride
concentrations of 1,000 mg/L several months after replacement of the
junction box and a 6-month decline in chloride concentrations after the
source of leakage ceased (i.e. replacement of the junction box).

Earlier sections of this report also provide evidence that saturated flow
existed from the base of the junction box to ground water until the box
was replaced in 2002. Because saturated flow continued until 2002 and
the highest chloride concentrations are deep in the vadose zone, we can
also conclude that the 1,000 mg/L chloride concentration of the initial
ground water sample represents a reasonable estimate of the maximum
chloride concentration in ground water caused by the release. A later
section of this report suggests a maximum chloride concentration in
ground water of less than 2,000 mg/L may have occurred in the past.
Today concentrations of chloride in down gradient ground water are
unlikely to be greater than 1,000 mg/L because of dispersion and dilu-
tion with transport would reduce chloride concentration.

Although we can definitively state that the water quality at the site
currently meets state standards (i.e. background or existing water qual-
ity), one well cannot define the full extent of any impairment caused by
the past leakage from the site. We can conclude, however, that the
cross-gradient (east-west) extent of chloride concentrations exceeding
background levels may be about twice the cross-gradient dimension of
the junction box, or about 40 feet. We propose to test this hypothesis
with the ground water modeling exercise proposed as part of the Stage 2
Abatement Plan: Saturated Zone.

i pHig
GCD Case #



A single monitoring well cannot define the down gradient (north-south)
extent of chloride in ground water caused by past releases. We believe
that natural dispersion and dilution will cause chloride to reach back-
ground concentrations after a relatively short down gradient transport
distance. We propose to test this hypothesis with the ground water
modeling proposed as part of the Stage 2 Abatement Plan: Saturated

Zone.




4.0 STAGE 2ABATEMENT
PLAN: VADOSE ZONE

We used the numerical model HYDRUS-1D to simulate the transport of
residual chloride from the surface through the vadose zone to ground
water. We used the predicted flux of chloride to ground water from
HYDRUS-1D as input into a simple ground water mixing-model to
evaluate the impact on ground water quality. As Hendickx and others
(2005) describe in Modeling Study of Prodiced Water Release Scenarios, this
modeling effort requires 10 input parameters. Section 3.0 of Hendrickx
and others describes the modeling approach.

4.1 DATA EMPLOYED FOR THE ZACHARY HINTON SITE

For some input param-
eters we employed
regional data or values
based upon professional
judgment (see Table 3).
For most of the input
data to our simulations,
we relied upon site data
collected by Rice Operat-
ing Company. Our field
inspection of the site and
our evaluation of the
data allow us to conclude
that the site data used in
our simulations reflect
the conditions at the site.

Plate 7 shows the soil
profile texture and
thickness of the vadose
zone at the site (input
parameters # 1 and #2 of
Table 3). We input the
soi] texture into
HYDRUS-1D and al-
lowed the model’s library
to generate the hydraulic
properties.. We then used
these hydraulic proper-
ties in sitnulations of

these scenarios.

5 A 0 RN R, 2 e A——
LT Flicks Consurrants, Lrp,

Tuble 3. Input parawmcters in

HYDRUS niodel
Parameter Values Source of Data
(1f.e(li)ep’d1 to Ground Water 56 Site Data
2. Vadose Zone Texture (see Attached well log |Site Data

Plate 7)

3. Dispersion Length (cm) 100 Professional Judgment
4. Water Content 6g (%) High 6g
Layer 1: 10%  |Estimated from
Layer 2:30%  (HYDRUS simulations
Laver 3: 25%
5. Vadose Zone Chloride ROC data from

Distribution (gr/kg)

Soil boring, Plate 7

Disclosure Report

6. Length of release

perpendicular to ground 20 Field measurements
water flow (feet)
. Pear], NM station |.

7. Climate Index (Hobbs area) NOAA data

8. Background Ground Water 100 Samples from nearby

Chloride (mg/L) wells

9. Ground Water Flux Calculated from regional
0.014 . ©

(cm/day) hydrological data

10. Aquifer Thickness (feet) 35 Nicholson & Clebsh

(1961) and OSE data
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Based upon our experience, we employed a dispersion length of 100 cm
(input #3). The selected dispersion length is 7% of the total length of the
HYDRUS-1D mode] (55 feet). Many researchers suggest that a disper-
sion length that is 7-10% of the total model length provides reasonable
results for simulation experiments.

We used the soil moisture content (input # 4) presented in Table 3 from
HYDRUS-1D simulations. Because we did not have site-specific soil
moisture data, we assumed a “dry” soil profile then used the climate
data to add moisture to the profile via precipitation over 100 years. We
found that initial soil moisture in the profile changed over this 100-year
period, responding to the climatic conditions. Therefore, we ran the
simulations under both “wet” and “dry” conditions as determined by
the 100-year simulation experiment. As Table 3 shows, we elected to"
employ the “wet” conditions in our simulations because leakage from the
junction box over the past years has created “wet” conditions within the
profile.

Plate 7 shows the measured soil chloride concentration per unit weight
of soil. We converted these values to concentrations per liter of soil
water (input #5) by using the equations in Hendrickx and others (2005).
The length of the release (input #6) was measured in the field.

The daily climate data available from the Pear]l weather station near the
Hobbs Airport served as input for all climate indices required by
HYDRUS-1D (input #7). We simulated 10 years after the release with
average precipitation 36 cm/year.

For the input parameter #8, background ground water chloride concen-
tration, we used 100 mg/L based upon data from the City of Eunice. We
used data for the Ogallala Aquifer as described in Nicholsen and
Clebsch, (1961) as input to the mixing model (input #9, ground water
flux; input #10, aquifer thickness).

We also used data from the BD Zachary Hinton site monitor well to
verify the predictions of the HYDRUS-1D model and the mixing model.

4.2 SETUP OF SIMULATIONS

Scenario 1: Current Conditions

The current condition scenario evaluates the potential of the chloride
mass in the vadose zone to materially impair ground water quality at the
site in the absence of any action by Rice Operating Company and in the
absence of any natural restoration (e.g. re-establishing vegetation). As
described in Hendickx and others (2003), the distribution of the mass of
chloride in the vadose zone (input #5) is the most important input pa-




rameter for prediction of chloride concentrations in ground water. For
this and all simulations, we assumed the chloride concentrations shown
in Plate 7 existed in the profile at time zero. At time zero, we also as-
sume that man-made leakage of produced water has ceased and the
chloride concentration in the monitoring well is equal to background
(100 mg/L). While the first and second assumptions are acceptable, the
assumption that the chloride concentration in the monitoring well is
equal to background is false. We make this last assumption as a matter
of convenience to simplify our model and we explain the effect of this
simplification in our discussion of the results of the simulations.

The chloride concentration of soil water Cl*"®#" (;mg /liter) depends on
the gravimetric chloride content of moist soil Cl most=! (mg/kg of moist
soil), the bulk density of the soil D% (kg/m?), and the.volumetric water
content of the soil & (m?/m?) input #4 . To convert the chloride concen-
tration in the soil to chloride concentration in soil water (see Hendrickx
and others, 2005), we used a soil density of 1,858 kg/cubic meter and the
soil moisture content in Table 3.

We entered the chloride concentration of soil water in the soil profile in
HYDRUS and ran the simulation for 10 years with total precipitation
and evaporation from the soil. Vegetation was assumed to not be
present to enhance water transfer from soil to the atmosphere. We
calibrated the results from the model with the chloride data from a
monitoring well Jocated 20 feet down gradient from the center of the
spill.

Scenario 2: Reduce Infiltration

To minimize the potential for any leaching of residual chloride from the
vadose zone, we assumed a surface remedy that would reduce infiltra-
tion of precipitation. To simulate such a remedy, we simply reduced the
precipitation by assuming that heavy rains (that cause the majority of
the infiltration) ran off after 1.5 cm fell. This simulation predicts the
effect of (a) sloping the site to cause runoff of the larger precipitation
events and/or (b) placement of a graded compacted layer at the surface
to minimize infiltration, facilitate runoff and prevent ponding of precipi-
tation. All other input parameters are the same as Scenario 1.

Scenario 3: Vegetation

This scenario consists of placing 30 cm of silt Joam and reseeding with
pasture. The transpiration is zero during the winter months but soil
evaporation takes place. During the growing season, evapotranspiration
is greatest. All other input parameters are the same as Scenario 1.




Scenario 4: A Silt Clay Below the Top Soijl

In this scenario we placed 60 cm of a silt clay below the topsoil under
the same conditions of Scenario 3. Placing the clay below the top soil
minimizes infiltration into the deeper profile and provides a place for the
infiltration of winter precipitation to reside until the plants take it up in
the following spring and summer. All other input parameters are the
same as Scenario 1.

4.3 SIMULATION RESULTS AND DISCUSSION
Figure 3 shows the response of Scenario 1 in a monitoring well located
20 feet from the center of the spill at the

L.

release site. The simulation shows chloride

concentration increasing to a maximumm of

1,652 ppm in year 1.7. As stated in the

previous section, in this and other simula-

tions, when man-made leakage ceased, the

chloride concentrations in the vadose zone

are equal to that represented in Plate 7 and

Figure 1. To simplify our modeling experi-

ment, we assumed that the chloride con-

centration in the monitoring well at time

el Deneetibation [pae)

zero in Figure 3 is equal to background
(100 mg/L). Therefore, the initial increase # i 2

in chloride concentration from background Thme fynag)

(100 mg/L) to a maximum (1,652 in this
simulation) is the model’s response to the
downward movement of the initial distribution of chloride in the profile.
Because the well was installed after replacement of the junction box and
cessation of periodic leakage, we cannot know the chloride concentra-
tion at the monitoring well during past man-made leakage events. We
hypothesize, however, that chloride concentration in ground water
would be 1,652 mg/L or more dui‘ing the time that the junction box
periodically released produced water. Chloride concentrations in the
monitoring well might remain at or above the 1,652 mg/L during the
years of periodic discharges from the former junction box, as chloride
migrated from the ground surface to ground water via saturated flow.
After replacement of the junction box, water additions to the soil profile
cease and the soil profile would drain. During the drainage of the soil
profile, chloride concentrations in the monitoring well would decrease as
saturated flow ceased and slower, unsaturated flow conditions occurred
in the profile.

Figure 4 modifies the HYDRUS-1D output to better represent the condi-
tions described above. In this Figure, time X represents background
conditions, before any leakage from the junction box. As periodic leak-

Figure 3. Chloride concentra-
tion in the monitoring well for
the current conditions
sccnario. {Scenario 1)




age occurs, chloride concentration in
ground water rises and chloride is distrib-
uted throughout the unsaturated zone.
We believe that the maximum chloride
concentration in ground water in Figure 4
(1,652 mg/L) is approximately what we
would have observed during the period of
leakage from the junction box if the moni-
toring well had been installed. After
upgrade of the junction box (here noted as
approximately time zero), chloride concen-
trations decline as discussed above and as
shown in Figure 4. About five years after
upgrade of the junction box under the
Current Condition Scenario, ground water
chloride approaches the background

i
|
|
{

Tarree [ysar)

concentration assumed in the model (100 mg/L).

Figure 5 shows the results of our simulations of Scenario 2 with the same
modified time line as in Figure 3. Reducing infiltration of precipitation
creates a maximum concentration 1,048 mg/L marked approximately as
year 0 to show when junction box upgrade occured. Reducing infiltra-

tion slows the drainage of vadose zone
water relative to the current condition
scenario. Therefore, water and chloride
enter the ground water more slowly in this
scenario as compared to the no action
scenario. In other words, the chloride flux
(mass/time) into ground water is lower in
scenario 2 than in scenario 1. The ground
water flux and aquifer thickness, however,
remain the same in both scenarios. The
lower chloride flux into ground water
results in a lower maximum concentration
observed in the monitoring well. This
lower flux also results in a longer time of
predicted non-compliance at the monitor-
ing well.

About six years after upgrade of the junction box, the majority of the
chloride has drained from the vadose zone and concentrations in the
well declines to the standard of 250 mg/L. We did not simulate the
length of time necessary for ground water to reach background condi-

tions under this scenario.

Figure 4. Modification of
HYDRUS-1D simulation
results 1o illustrate a more
realistic time scale for
Scenario 1.
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Figure 5. Modification of
HYDRUS-1D simulation
results 1o show a more
realistic time scale for
chloride concentration in
the monitoring well for the
scenario reducing the
infiltration.  (Scenario 2)




Figure 6 shows the results of the Scenario

3, which assumes further reduction of

infiltration due to evapotranspiration as a

result of plant cover. The maximum
chloride concentration in the well is 693

mg/L (or about 600 mg/L above the

assumed background concentration of

100 mg/L) at approximately zero time on

the modified scale. As discussed previ-

ously, the time of maximum chloride

concentration is the time when the junc-
tion box is upgraded. The chloride con-
centration declines to the standard of 250

mg/L in year 2.11. However, we predict
an increase in ground water chloride
concentrations to 323 mg/L in year 6.5 followed by a decrease to the
standard by year 7.5. This increase at year 6.5 is probably due to in-
creased infiltration associated with the El Nifio weather pattern. Be-
cause most the chloride has drained from the profile by year 6.5, we
conclude that any additional increase in ground water chloride concen-
tration (perhaps at year 14) would not exceed the ground water stan-
dard of 250 mg/L.

Figure 6. Modification of
HYDRUS-1D simulation
results to illustrate a more
realistic time scale,
chloride concentration in
the well for the vegetation
scenario. (Scenario 3)

The concentrations in the root zone in
Scenario 3 are quite high as result of

capillary rise that accumulates the salts

at the top of the profile. Concentrations

of 4,000 mg/L will prevent the grass of

developing unless chloride moves deeper -

into the subsurface due to a soil flushing

program or natural rainfall.

Wl Caneadrafian (ppea}

Figure 7 shows the result of Scenario 4
with the modified time scale. The maxi-
mum concentration in the well is 604 -
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mg/L in year 0. It declines to 250 ppm
in year 1.75. The concentrations in the
root zone are about 1,300 mg/L, suitable for vegetation. By year 8,
background conditions exist in the monitoring well.

Figure 2 of this report is reproduced in Plate 8 with the HYDRUS-1D
simulation for Scenario 3 to permit comparison. The monitoring well
data show chloride concentrations declining from 1,000 mg/L to 400
mg/L over a nine-month period. Obviously, these data do not correlate
with the model predictions of Scenario 1, current conditions. Instead,

Figure 7. Modification of
HYDRUS-1D simulation
results showing a more
realistic time scale of
chioride concentration in
the well for the scenario
with vegetation and a silt
clay laver below the
topsoil. (Scenario 4).




R.T. Hicks ConsurTants, L.

the field data are more similar to the predictions of Scenario 3, where
infiltration into the vadose zone is relatively low due to evapotranspira-
tion associated with vegetation. What is most striking about the field
data and the predictions of Scenario 3 is that both show a maximum
chloride concentration of 600 mg/L above background at time zero. The
field data and the HYDRUS-1D prediction also show relatively good
agreement with respect to the time required for ground water to re-
equilibrate with background water quality conditions. The simulation
predicts that chloride will be less than 200 mg/L after about 2.5 years.
The ground water data show that the monitoring well is at background
chloride concentrations (between 350 and
400 mg/L) after about 1.5 years from cessa-
tion of saturated or “wet” conditions.

The similarity shown in Plate 10 should not
be surprising if one visits the site. Vegetation
does exist around the area of the suspected
release (Figure 8). We believe the current flux
of chloride from the vadose zone to ground
water is approximately the same as that
simulated in Scenario 3. We can also con-
clude from Figure 8 that the chloride concen-
tration in the root zone is low enough to
support vegetation. The current condition
scenario, which does not provide for evapo-
transpiration or any reduced infiltration,
obviously overestimates the impact of the
chloride load to ground water quality.

4.4 CONCLUSION AND RECOMMENDED ACTION: VADOSE
ZONE

The HYDRUS-1D simulations for the Zachary Hinton site provide rea-
sonably good, albeit conservative, predictions of chloride concentrations
in ground water for the various scenarios. The simulation showed that
about two years after the upgrade of the junction box and cessation of
accidental and periodic water leakage, HYDRUS-1D predicts that chlo-
ride concentrations in the ground water monitoring well are at back-
ground correlations. The field data correlate well with early time pre-
dictions of Scenario 3, reduced flux due to vegetation. We conclude
Scenario 3 predicts higher chloride concentrations than observed.

We conclude that the background chloride concentration in ground
water at the Zachary Hinton EOL site is about 350-400 mg/L. We base
this conclusion on historical and recent water quality analyses from the
area. Natural restoration has mitigated the transient impact of past

Figure 8. Vegetation ar the
site,




leakage from the site.

We recommend restoring the ground surface in the excavation using soil
that will permit re-vegetation. Because the water quality at the site has
returned to background conditions, we recommend plugging and aban-
donment of the existing monitoring well and closure of the regulatory file
for this site, pending documentation of appropriate surface reclamation.




5.0 STAGE 2 ABATEMENT
PLAN: SATURATED ZONE

The monitoring well at the Zachary Hinton EOL Junction Box site does
not exceed New Mexico ground water standards because ambient (back-
ground) concentrations are equal or greater than those currently ob-
served. Therefore, there exists no zone of ground water impairment to
define. Additional monitoring wells at the site are not warranted.

We propose to employ MODFLOW and its contaminant transport mod-
ule to predict the fate and transport of the historic impact to ground
water quality evidenced by the first sample analysis. We hypothesize
that the simulation modeling will show that natural dilution and disper-
sion has effectively mitigated any past impact to ground water quality.
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R.T. Hicks ConsuLrants, Liap.

1.0 PURPOSE AND
BACKGROUND

The Zachary Hinton EOL Junction Box is located about 2.5 miles south-
east of the intersection of State Routes 18 and 8/176, near Eunice, New
Mexico. Plate 1 of the NMOCD-approved work plan (Appendix A)
shows the location of the site relative to Eunice. The work plan identi-
fied the following tasks:

1. Collection and Evaluation of Data for Simulation Modeling

2. Evaluate Migration of Chloride Flux from the Vadose Zone to
Ground Water

3. Design Remedy and Submit Report

The goal of our work is to identify the surface and subsurface remedy for
the site that creates the greatest environmental benefit while causing the
least environmental damage.

The disclosure report
prepared by Rice Operat-
ing Company (ROC) in

BD Zachary Hinton Jct. Monitor Well

January 21, 2003 (Ap- | —— Chlorides —e— Total Dissolved Solids (TDS)
pendix B) summarizes

the initial activities at the 3000

site. The soil boring and 2500

backhoe excavation data 2000

show relatlvely' CONsis- T_:l, 1500

tent concentrations of E

chloride from 11 feet 1000

below ground surface 500

(2000 ppm chloride) to 0

50 feet below ground 030502 051502 081302 110602 030603 060503 082203 112003
surface (6410 ppm | Sample Date

chloride). The consis-

tency of these chloride
concentrations suggests that a release from the junction box may have ,

created saturated conditions in the vadose zone. Hydrocarbons, often ;L’[‘SZ{I’“L/ fiﬂf{?]’i;}{]ﬂg{;g/[%z
associated with releases from produced water pipelines, were not Hinton EOLjuncfiou lm:\{‘
present in concentrations that warrant further inquiry (see ROC Disclo-
sure Report.)

Figure 1 presents ground water quality data from the monitoring well
that is located within 20 feet of the former Zachary Hinton EOL junction

LORBECTIVE BETION PLAN - Page t
innamy 2%, 2084



box (Table T). Chloride concentrations were about 1000 mg/L in early
2002, soon after replacement of the junction box. Throughout 2003,
chloride concentrations remained stable (less than 500 mg/L).

As stated in the work plan, R.T. Hicks Consultants, Ltd. used HYDRUS-
1D to simulate chloride fate and transport to ground water and to
develop a surface remedy for the site. This report presents the results of
our study and proposes a final remedy for the site to permit closure of
the regulatory file.




2.0 APPROACH

We used the numerical model HYDRUS-1D to simulate the transport of
chloride from the surface through the vadose zone to ground water. We
used the predicted flux of chloride to ground water from HYDRUS-1D
as input into a simple ground water mixing-model to evaluate the impact
on ground water quality. As Appendix C describes, this modeling effort
requires 11 input parameters. Appendix C also describes the modeling
approach used in this effort. '

In our previous work with HYDRUS-1D, we found that some input
parameters had little effect on the prediction of chloride concentration in
ground water while other factors had a profound effect. The Sensitivity
Analysis presented in Appendix C describes the relative importance of
each of the eleven input paramerters. Two of these eleven factors (release
volume and height of the spill) are not relevant in our simulations, since
we evaluated the movement of the chloride load already in the soil
profile. Site specific data exist for the most important input factors (e.g.
chloride load, depth of ground water, soil texture, etc.).

.




3.0 DATAEMPLOYED FOR THE
ZACHARY HINTON SITE

For some input parameters we employed regional data or values based
upon professional judgment (see Table 2). For most of the input data to
our simulations, we relyed upon site data collected by Rice Operating
Company. Our field inspection of the site and our evaluation of the data
allow us to conclude that the site data used in our simulations reflect the
conditions at the site.

Plate 2 shows the soil profile texture and thickness of the vadose zone at
the site (input parameters # 1 and #2 of Table 2). We input the soil
texture into HYDRUS-1D and allowed the model’s library to generate
the hydraulic properties. We then used these hydraulic properties in
simulations of these scenarios.

Based upon our experience, we employed a dispersion length of 100 cm
(input #3). The selected dispersion length is 7% of the total length of the
HYDRUS-1D model (55 feet). Many researchers suggest that a disper-
sion length thatis 7-10% of the total model length provides reasonable
results for simulation experiments.

We used the soil moisture content (input # 4) presented in Table 2 from
HYDRUS-1D simulations. Because we did not have site-specific soil
moisture data, we assumed a “dry” soil profile then used the climate
data to add moisture to the profile via precipitation over 100 years. We
found that initial soil moisture in the profile changed over this 100-year
period, responding to the climatic conditions. Therefore, we ran the
simulations under both “wet” and “dry” conditions as determined by
the 100-year simulation experiment. As Table 2 shows, we elected to
employ the “wet” conditions in our simulations because leakage from the
junction box over the past years has created “wet” conditions within the
profile.

Plate 2 shows the measured soil chloride concentration per unit weight
of soil. We converted these values to concentrations per liter of soil
water (input #5) by using the equations in Appendix D . The length of
the release (input #6) was measured in the field.

The daily climate data available from the Pear] weather station near the
Hobbs Airport served as input for all climate indices required by
HYDRUS-1D (input #7). We simulated 10 years after the release with




average precipitation 36 cm/year.

For the input parameter #8, background ground water chloride concen-
tration, we used 100 mg/L based upon data from the City of Eunice. We
used data for the Ogallala Aquifer as described in Nicholsen and
Clebsch, (1961) as input to the mixing model ( input #9, ground water
flux; input#10, aquifer thickness).

We also used data from the BD Zachary Hinton Jct monitor well to
verify the predictions of the HYDRUS-1D model and the mixing model.




4.0 SET-UP OF SIMULATIONS

SCENARIO 1: NO ACTION

The no action alternative evaluates the potential of the chloride mass in
the vadose zone to materially impair ground water quality at the site in
the absence of any action by Rice Operating Company and in the ab-
sence of any natural restoration (e.g. re-establishing vegetation). As
described in Appendix C, the distribution of the mass of chloride in the
vadose zone (input #5) is the most important input parameter for predic-
tion of chloride concentrations in ground water. For this and all simula-
tions, we assumed the chloride concentrations shown in Plate 1 existed
in the profile at time zero. At time zero, we also assume that man-made
leakage of produced water has ceased and the chloride concentration in
the monitoring well is equal to background (100 mg/L). While the first
and second assumptions are acceptable, the assumption that the chloride
concentration in the monitoring well is equal to background is false. We
make this last assumption as a matter of convenience to simplify our
model and we explain the effect of this simplification in our discussion of
the results of the simulations.

The chloride concentration of soil water CI*' ™" (mg/liter) depends on
the gravimetric chloride content of moist soil Clg™™ *" (ing /kg of moist
soil), the bulk density of the soil Dsoil®™ (kg/m?), and the volumetric
water content of the soil ev (m*/m?®) input #4 . To convert the chloride
concentration in the soil to chloride concentration in soil water ( see
Appendix D), we used a soil density of 1,858 kg/cubic meter and the soil
moisture content in Table 2.

We entered the chloride concentration of soil water in the soil profile in
HYDRUS and ran the simulation for 10 years with total precipitation
and evaporatjon from the soil. Vegetation was assumed to not be
present to enhance water transfer from soil to the atmosphere. We
calibrated the results from the model with the chloride data from a
monitoring well located 20 feet downgradient from the center of the
spill.

SCENARIO 2: REDUCE INFILTRATION

To minimize the potential for any leaching of residual chloride from the
vadose zone, we assumed a surface remedy that would reduce infiltra-
tion of precipitation. To simulate such a remedy, we simply reduced the
precipitation by assuming that heavy rains (that cause the majority of




the infiltration) run off after 1.5 cm fell. This simulation predicts the
effect of (a) sloping the site to cause runoff of the larger precipitation
events and/or (b) placement of a graded compacted layer at the surface
to minimize infiltration, facilitate runoff and prevent ponding of precipi-
tation. All other input parameters are the same as Scenario 1.

SCENARIO 3: VEGETATION

This scenario consists of placing 30 cm of silt loam and reseeding with
pasture, The transpiration is zero during the winter months but soil
evaporation takes place. During the growing season, evapotranspiration
is greatest. All other input parameters are the same as Scenario 1.

SCENARIO 4: A SILT CLAY BELOW THE TOP SOIL

In this scenario we placed 60 cm of a silt clay below the top soil under
the same conditions of Scenario 3. Placing the clay below the top soil
minimizes infiltration into the deeper profile and provides a place for the
infiltration of winter precipitation to reside until the plants take it up in
the following spring and summer. All other input parameters are the
same as Scenario 1.




5.0 SIMULATION RESULTS AND
DISCUSSION

Figure 2 shows the response

of Scenario T in a monitoring

well located 20 feet from the

center of the spill at the

release site. The simulation

shows chloride concentration

increasing to a maximuin of

1,652 ppm in year 1.7. As
stated in the previous section,

in this and other simulations,
when man-made leakage

Well Concentration (ppm)

ceased, the chloride concen-
trations in the vadose zone
are equal to that represented

Time (year)

in Plate 1. To simplify our
modeling experiment, we
assumed that the chloride concentration in the monitoring well at time
zero in Figure 2 is equal to background (100 mg/L). Therefore, the initial
increase in chloride concentration from background (100 mg/L) to a
maximum (1,652 in this simulation) is the model’s response to the down-
ward movement of the initial distribution of chloride in the profile.
Because the well was installed after replacement of the junction box and
cessation of periodic leakage, we cannot know the chloride concentra-
tion at the monitoring well during past man-made leakage events. We
hypothesize, however, that chloride concentration in ground water
would be 1,652 mg/L or more during the time that the juction box
periodically released produced water. Chloride concentrations in the
monitoring well might remain at or above the 1,652 mg/L during the
years of periodic discharges from the former junction box, as chloride
migrated from the ground surface to ground water via saturated flow.
After replacement of the junction box, water additions to the soil profile
cease and the soil profile would drain. During the drainage of the soil
profile, chloride concentrations in the monitoring well would decrease as
saturated flow ceased and slower, unsaturated flow conditions occurred
in the profile.

Figure 3 modifies the HYDRUS-1D output to better represent the condi-
tions described above. In this Figure, time X represents background

conditions, before any leakage from the junction box. As periodic leak-
age occurs, chloride concentration in ground water rises and chloride is

Figure 2. Chloride concentra-
tion ist the monitoring well for
the no action scenario.
(Scenario 1)




distributed throughouit the
unsaturated zone, as
shown in Plate 1. We
believe that the maximum
chioride concentration in
ground water in Figure 3
(1,652 mg/L) is approxi-
mately what we would
have observed during the
period of leakage from the
junction box if the monitor-
ing well had been installed.
After repair of the junction
box (here noted as approxi-
mately time zero), chloride

;
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concentrations decline as discussed above and as shown in Figure 3.
About five years after repair of the junction box un der the No Action
Scenario, ground water chloride approaches background concentrations.

Figure 4 shows the
results of our simulations
of Scenario 2 with the
same modified time line
as in Figure 3. Reducing
infiltration of precipita-
tion creates a maximum
concentration 1,048 mg/
L marked approximately
as year 0 to show when
junction box repair
occured. Reducing
infiltration slows the
drainage of vadose zone
water relative to the no
action scenario. There-
fore, water and chloride

Figure 3. Modification of
HYDRUS-1D simulation
results to illustrate a more
realistic time scale for
Scenario 1.

Timee: dyags)

enter the ground water more slowly in this scenario as compared to the
no action scenario. In other words, the chloride flux (mass/time) into
ground water is Jower in Scenario 2 than in scenario 1. The ground
water flux and aquifer thickness, however, remain the same in both
scenarios. The lower chloride flux into ground water results in a lower
maximum concentration observed in the monitoring well. This lower
flux also results in a longer time of predicted non-compliance at the

monitoring well.

Figure 4. Modification of
HYDRUS-1D simulation
results to show a more
realistic time scale for
chloride concentration in
the monitoring well for the
scenario reducing the
infiltration. (Scenario 2)




About six vears after repair of the junction box, the majority of the
chloride has drained from the vadose zone and concentrations in the
well declines to the standard of 250 mg/L. We did not simulate the
length of time neces-
sary for ground water

to reach background
conditions under this

scenario.

Figure 5 shows the

results of the Scenario

3, which assumes
further reduction of

infiltration due to

Wia
.

&
&
. vy

evapotranspiration as

a result of plant cover. v
The maximum chloride
concentration in the

well is 693 mg/L at

approximately zero time on the modified scale. As discussed previously,
the time of maximum chloride concentration is the time when the junc-
tion box is repaired. The chloride concentration declines to the standard
of 250 mg/L in year 2.11. However, we predict an increase in ground
water chloride concentrations to 323 ppm in year 6.5 followed by a
decrease to the standard by year 7.5. This increase at year 6.5 is prob-
ably due to increased infiltration associated with the El Nifio weather
pattern. Because most the chloride has drained from the profile by year
6.5, we conclude that any additional increase in ground water chloride
concentration (perhaps at year 14) would not exceed the ground water
standard of 250 mg/L.

The concentrations in the root zone in Scenario 3 are quite high as result
of capillary rise that accumulates the salts at the top of the profile. Con-
centrations of 4,000 ppm will prevent the grass of developing unless
chloride moves deeper into the subsurface due to a soil flushing program
or natural rainfall.

Figure 6 shows the result of Scenario 4 with the modified time scale. The
maximum concentration in the well is 604 ppm in year 0. It declines to
250 ppm in year 1.75. The concentrations in the root zone are about
1300 ppm, suitable for vegetation. By year 8, background conditions
exist in the monitoring well.

Figure 1 shows the chloride concentration in the monitoring well at the
Zachary Hinton site. This well was installed after replacement of the

Figure 5. Modification of
HYDRUS-1D simulation
results to illustrate a more
realistic time scale,
chloride concentration in
the well for the vegetation
scenario. (Scenario 3)
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mg/L over a two-month period. The concentration then declines to
about 400 mg/L after one year. Obviously, these data do not correlate
with the model predictions of Scenario 1, no action. Instead, the field
data are more similar to the predictions of Scenario 3, where infiltration
into the vadose zone is relatively low due to evapotranspiration associ-
ated with vegetation.

The similarity between Figures 1 and 5 should not be surprising if one
visits the site. Vegetation does exist around the area of the suspected
release (Figure 7). We believe the current flux of chloride from the
vadose zone to ground water is approximately the same as that simu-
lated in Scenario 3. We can also conclude from Figure 7 that the chlo-
ride concentration in the root zone is low enough to support vegetation.
The no action scenario, which does not provide for evapotranspiration or
any
reduced
infiltra-
tion,
obviously
overesti-
mates the
impact of
the chlo-
ride load
to ground
water
quality.

Figure 7. Vegetation near
the release site.




6.0 GROUND WATER QUALITY
AND FLOW

Although the quality of the City of Eunice water supply wells is about
100 mg/L chloride (see Nicholson and Clebsch, 1961), a more detailed
investigation of the area near the Zachary Hinton EOL site shows higher
background levels. Plate 2 shows the locations of wells with past and
present water quality data and Table 3 presents the results for chloride.

The chloride concentration in the City of Eunice wells and the Peters
West well are below Water Quality Control Comission standards for
ground water. Wells within or near Monument Draw, however, gener-
ally exceed the standards. The difference between the water quality
west of Monument Draw and the water quality within and near the
Draw has been evident since the 1950s when Nicholson and Clebsch
sampled the water of the area (Table 3).

Today, as in the 1950s, ground water flows from the west toward Monu-
ment Draw. Ground water then flows south within the draw as shown
in Plate 3 from Nicholson and Clebsch (1961). Up gradient from the
Zachary Hinton EOL site, chloride concentrations in the Active Windmill
of Section 36 (see Plate 2) is 460 ppm. The chloride in this active wind-
mill is consistent with the chloride concentrations observed in wells
22.37.1.440 and 22.37.24.133b ( average of 422 and 675 ppm respec-
tively) in the 1950s. The Peters East well, which lies within Monument
Draw, exhibits a chloride concentration of 438 ppm while the chloride
concentration in the Zachary Hinton EOL monitoring well is 354 ppm.
This measuable difference in chemistry between the Zachary Hinton Site
and the Peters East well could be due to the effect of higher quality
ground water flowing into the Monument Draw area from the west (e.g.
200 ppm chloride in the Peters West well), or the difference may be due
to normal variance associated with sampling and analysis.




7.0 CONCLUSIONAND
RECOMMENDED ACTION

The HYDRUS-1D simulations for the Zachary Hinton site provide rea-
sonably good, albeit conservative, predictions of chloride concentrations
in ground water for the various scenarios. Currently, about two years
after the repair of the pipeline and cessation of water leakage, chloride
concentrations in the ground water monitoring well are 354 ppm, back-
ground correlations.  The field data correlate well with early time pre-
dictions of Scenario 3, reduced flux due to vegetation. We conclude
Scenario 3 predicts higher chloride concentrations than observed.

We conclude that the background chloride concentration in ground
water at the Zachary Hinton EOL site is about 350 ppm. We base this
conclusion on historical and recent water quality analyses from the area.
Natural restoration has mitigated the transient impact of past leakage
from the site. Data from the Peters East well suggest that past leakage
from the Zachary Hinton EOL Junction box have not caused measurable
degradation of ground water quality.

We recommend restoring the ground surface in the excavation using soil
that will permit re-vegetation. Because the water quality at the site has
returned to background conditions, we recommend plugging and aban-
donment of the existing monitoring well and closure of the regulatory file
for this site, pending documentation of appropriate surface reclamation.
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7.0 CONCLUSION AND
RECOMMENDED ACTION

The HYDRUS-1D simulations for the Zachary Hinton site provide rea-
sonably good, albeit conservative, predictions of chloride concentrations
in ground water for the various scenarios. Currently, about two years
after the repair of the pipeline and cessation of water Jeakage, chloride
concentrations in the ground water monitoring well are 354 ppm, back-
ground correlations. The field data correlate well with early time pre-
dictions of Scenario 3, reduced flux due to vegetation. We conclude
Scenario 3 predicts higher chloride concentrations than observed.

We conclude that the background chloride concentration in ground
water at the Zachary Hinton EOL site is about 350 ppm. We base this
conclusion on historical and recent water quality analyses from the area.
Natural restoration has mitigated the transient impact of past leakage
from the site. Data from the Peters East well suggest that past leakage
from the Zachary Hinton EOL Junction box have not caused measurable
degradation of ground water quality.

We recommend restoring the ground surface in the excavation using soil
that will permit re-vegetation. Because the water quality at the site has
returned to background conditions, we recommend plugging and aban-
donment of the existing monitoring well and closure of the regulatory file
for this site, pending documentation of appropriate surface reclamation.
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1.0 PURPOSE

The Zachary Hinton EOL Junction Box is loacated about 2.5 miles southeast of
the intersection of State Routes 18 and 8/176, near Eunice, New Mexico. The
digclosure report prepared by Rice Operating Company (ROC) in January 21,
2003 summarizes activities to date. The soil boring and backhoe excavation
data show relatively consistent concentrations of chloride from 11 feet below
ground surface (2000 ppm chloride) to 50 feet below ground surface (6410
ppm chloride). The consistency of these chloride concentrations suggests that
a release from the junction box may have created saturated conditions in the
vadose zone. Hydrocarbons, often associated with releases from produced
water pipelines, were not present in concentrations that warrant further
inquiry (see ROC Disclosure Report).

R.T. Hicks Consultants, Ltd. used HYDRUS1D to simulate chloride fate to
address potential environmental concerns at the site. This report presents the
results of our study and proposes a final remedy for the site to permit closure
of the regulatory file.




2.0 APPROACH

We used the numerical model HYDRUS1D to simulate the transport of chloride
from the surface through the vadose zone to ground water. We used the
predicted flux of chloride to ground water from HYDRUS1D as input into a
simple ground water mixing-model to evaluate the impact on ground water
quality. As Appendix A describes, this modeling effort requires 11 input
parameters. Appendix A also describes our modeling approach used in this
effort.

In our previous work with HYDRUS1D, we found that some input parameters
had little effect on the prediction of chloride concentration in ground water
while other factors had a profound effect. The Sensitivity Analysis presented
in Appendix A describes the relative importance of each of the eleven input
paramerters. Two of these eleven factors (release volume and height of the
spill) are not relevant in our simulations, since we will evaluate the movement
of the chloride load already in the soil profile. Site specific data exist for the
most important input factors (e.g. chloride load, depth ot ground water). For
some input parameters we employed regional data or values based upon
professional judgment (see Table 1).
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3.0 DATAEMPLOYED FOR THE
ZACHARY HINTON SITE

We present four scenarios to describe possible chloride migration at the site.
Plate 1 shows a typical soil profile texture and thickness of the vadose zone at
the site (input parameters # 1 and #2). We input the soil texture into
HYDRUS1D and allowed the model's library to generate the hydraulic proper-
ties . We then used these hydraulic properties in simulations of these sce-
narios.

Based upon our experience, we emploved a dispersion length of 100 cm (input
#3). The selected dispersion length is 7% of the total length of the HYDRUS1D
model (55 feet). Many researchers suggest that a dispersion length that is 7-
10% of the total model length provides reasonable results for simulation
experimernts. We used the soil moisture content (input # 4) presented in Table
1 from hydrus simulations.

Plate 1 shows the measured soil chloride concentration per unit weight of soil.
We convert these values to concentrations per liter of soil water (input #5) by
using the equations in Appendix B . The length of the release (input #6) was
measured in the field.

The daily climate data available from the Pearl weather station near the Hobbs
Airport served as input for all climate indices required by HYDRUS1D (input
#7). We simulated 10 years with average precipitation 36 cni/year.

For the input parameter #8, background ground water chloride concentra-
tion, we used 100 m g/L based upon site data. We used data for the Ogallala
Aquifer as described in Nicholsen and Clebsch, (1961) as input to the mixing
model ( input #9, ground water flux; input#10, aquifer thickness).

We also used data from the BD Zachary Hinton Jet monitor well to verify the
predictions of the HYDRUS1D mode] and the mixing model.

3.1 SCENARIO 1: NOACTION

The no action alternative evaluates the potential of the chloride mass in the
vadose zone to materially impair ground water quality at the site. As described
in Appendix A, the distribution of the mass of chloride in the vadose zone
(input 5) is the most important input parameter for prediction of chloride
concentrations in ground water. The chloride concentration of soil water Clo#
water (mg/liter) depends on the gravimetric chloride content of moist soil Clgmst
i (mg/kg of moist soil), the bulk density of the soil Dsoil™™ (kg/m?), and the
volumetric water content of the soil év (m?/m?®) input #4 . To convert the
chloride concentration in the soil to chloride concentration in soil water
(Appendix B), we used a soil density of 1858 kg/cubic meter and the soil
moisture content in table 1.




We enter the chloride concentration of soil water in the soil profile in HYDRUS
and run the simulation for 10 years with total precipitation and evaporation
from the soil.

We calibrate the results from the model with the chloride data from a monitor-
ing well located 20 feet downgradient from the center of the spill.

3.2 SCENARIO 2: REDUCE INFILTRATION

To minimize the potential for any leaching of residual chloride from the vadose
zone, we assumed a surface remedy that would reduce infiltration of precipita-
tion. To simulate such a remedy, we simply reduced the precipitation by
assuming that heavy rains (that cause the majority of the infiltration) run off
after 1.5 em fell. This simulation predicts the effect of (&) sloping the site to
cause runoff of the larger precipitation events (b) placement of a graded
compacted layer at the surface to minimize infiltration, facilitate runoff and
prevent ponding of precipitation. All other input parameters are the same as
Scenario 1.

3.3 SCENARIO 3: VEGETATION

This scenario consists of placing 30 ¢cm of silt loam and reseeding with pasture.
The transpiration is zero during the winter months but soil evaporation takes
place. All other input parameters are the same as Scenario 1.

3.4 SCENARIO 4: A SILT CLAY BELOW THE TOP SOIL

In this scenario we place a 60 cm of a silt clay below the top soil under the
same conditions of Scenario 3. Placing the clay below the top soil minimizes
infiltration into the deeper profile and provides a place for the infiltration of
winter to reside until the plants take it up in the following spring and summer.
All other input parameters are the same as Scenario 1.




4.0 RESULTS

Figure 1 shows the response of Scenario 1 in a monitoring well located 20 feet
from the center of the spill at the release site. The simulation shows chloride
concentration increasing to a maximum of 1652 ppm in year 1.7. In this and
other simulations, this early-time increase in chloride concentration from
background (100 mg/L) to a maximum is due to the initial conditions assumed
in the model - it does not represent our prediction of ground water chloride
concentration. Because we assume a background chloride concentration in
ground water of 100 mg/L, the chloride concentration in ground water re-
turned by our simulation at time zero is 100 mg/L. After time zero, chloride-
rich pore water in the vadose zone begins to drain into the aquifer. Examina-
tion of Plate 1 shows that the bottom of the vadose zone (50-56 feet below land
surface) exhibits 500 ppm chloride in-soil samples while the sampling interval
from 45-50 feet shows 6410 ppm. Therefore, the calculated mass of chloride
per unit time (the flux of chloride) that enters the aquifer during the early time
of the simulation considers the drainage of relatively low chloride concentra-
tions in pore water from the 50-56 foot depth interval. As the chloride-rich
water from the 45-50 foot depth interval drains into the aquifer, the chloride
~ concentration in the well begins to rise. At time 1.7 years, we believe the
chloride mass associated with the depth interval 30-35 feet (8160 ppm in soil
samples) is draining into the aquifer. After 1.7 years, the concentration in the
well declines and increases repeatedly as the model responds to weather
changes (e.g. monsoon cycles) and differences in the chloride load of the depth
intervals. After year 8.3, most of the chioride is leached from the profile and
the concentration in the observation well meets the ground water standard of
250 mg/L.

Figure 2 shows the results of our simulations of Scenario 2. Reduction of
infiltration of precipitation creates a maximum concentration 1048 mg/L in
year 1.7. Reducing infiltration slows the drainage of vadose zone water rela-
tive to the no action scenario. Therefore, water and chloride enter the ground
water more slowly in this scenario as compared to the no action scenario. In
other words, the chloride flux (mass/time) into ground water is lower in
scenario 2 than in scenario 1. The ground water flux and aquifer thickness,
however, remain the same in both scenarios. The lower chloride flux into
ground water results in a lower maximum concentration observed in the
monitoring well. This lower flux also results in a longer time of predicted non-
compliance at the monitoring well. Nine and one half years pass before the
majority of the chloride has drained from the vadose zone and concentrations
in the well decline 1o the standard of 250 mg/L.

Figure 3 shows the results of the Scenario 3, which assumes further reduction
of infiltration due to evapotranspiration of a plant cover. The maximum
concentration in the well is 693 mg/L in year 1.08, which declines to the
standard of 250 mg/L in vear 4.11. However we predict an increase in ground
water chloride concentrations to 323 ppm in year 8.5 followed by a decreas to
the standard by vear 9.5. This increase at year 8.5 is probably due to in-




creased infiltration associated with the El Nifio weather pattern. Because most
the chloride has drained from the profile by year 8.5, we conclude that any
additional increase in ground water chloride concentration (perhaps at year
16) would not exceed the ground water standard of 250 mg/L.

However, the concentrations in the root zone in scenario 3 are quite high as
result of capillary rise that accumulates the salts at the top of the profile.
Concentrations 4000 ppm will prevent the grass of developing unless chloride
moves deeper into the subsurface due to a soil flushing program.

Figure 4 shows the result of Scenario 4. The maximum concentration in the
well is 604 ppm in year 1.28. It declines to 250 ppm in year 3.75. The concen-
frations in the root zone are about 1300 ppm, suitable for vegetation.

Figure 5 shows the chloride concentration in the monitoring well at the
Zachary Hinton site. This well was installed after replacement of the produced
water pipeline junction that we believe caused the release of chloride to the
subsurface. The data show chloride concentraton declining from 1000 mg/L
to 500 mg/L over a two-month period. The concentration then declines to
about 300 mg/L after one year. Obviously, these data do not correlate with
the model predictions of Scenario 1, no action. Instead, the field data appear
to agree with the predictions of Scenario 3, where infiltration into the vadose
zone 1s relatively low due to evapotranspiration associated with vegetation. In
fact, the correlation between the field data of Figure 5 and the predictions of
Figure 3 are striking.

The similarity between Figures 3 and 5 should not be surprising if one visits the
site. Vegetation does exist around the area of the suspected release (Figure 6 —
to be inserted after the field program). We believe the current flux of chloride
from the vadose zone to ground water is approximately the same as that
simulated in Figure 3. We can also conclude from Figure 6 that the chloride
concentration in the root zone is low enough to support vegetation. The no
action scenario, which does not provide for evapotranspiration or any re-
duced infiltration, obviously overestimates the impact of the chloride load to
ground water quality.




5.0 CONCLUSION AND
RECOMMENDED ACTION

The HYDRUS1D simulations for the Zachary Hinton site provide reasonably
good predictions of chloride concentrations in ground water for the various
scenarios. Currently, about two years after the repair of the pipeline and
cessation of water leakage, chloride concentrations in the ground water
monitoring well are 345 ppm. The field data correlate very well with Scenario
3, reduced flux do to vegetation. We conclude that future chloride concentra-
tions in the existing monitoring well will continue to follow the pattern pre-

dicted by Scenario 3.

What is most encouraging is that all scenarios, even the most conservative “no
action” scenario, lead to chloride concentrations less than 250 ppm within ten

years.

We recommend restoring the ground surface near the excavation using soil
that will permit revegetation. Because the industry has little long-term ground
water data on such sites with excellent characterization of the chloride load,
we recominend semi-annual sampling of the existing monitoring well and
analysis of TDS and chloride for two vears. If the data continues to correlate
with the predictions expressed in Figure 3, as we suspect, this ground water
data will provide comfort to the State and landowners that the predictions of
the HYDRUS and mixing model can be employed for other sites throughout the
Permian Basin.
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Figure 1. Chloride concentration in the monitoring well for the no action scenario.
(Scenario 1).
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Figure 2. Chloride concentration in the monitoring well for the scenario reducing
the infiltration. (Scenario 2).
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Figure 3. Chloride concentration in the well for the vegetation scenario. (Scenario3).
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Figure 4. Chloride concentration in the well for the scenario with vegetation and a
silt clay layer below the topsoil.(Scenario 4).
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Figure 5. Chloride concentration in the monitoring well at Zachary Hinton

BD Zachary Hinton Jct. Monitor Well
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Table 1. Input parameters for the simulations
Parameter Values Source of Data
1. Depth to Ground Water 56 Site Data
(feet)
2. Vadose Zone Texture (see Attached well log Site Data
Plate 1)
3. Dispersion Length (meters) | 1 Professional Judgment
4. Water Content 8y (%) High 0,4 Estimated from hydrus

Layer 1:10%
Layer 2:30%

Layer 3:25%

simulations

5. Vadose Zone Chloride
Distribution (gr/kg)

Attached well log

ROC data from Disclosure
Report

6. Length of release

perpendicular to ground water

flow (feet)

20

Field measurements

7. Cimate Index Pear], NM station NOAA data

(Hobbs)
8. Background Ground Water | 100 Samples from nearby wells
Chloride (mg/L)
9. Ground Water Flux 14 Calculated from regional
{cm/ day) hydrological data
10. Aquifer Thickness (feet) 35 Nicholson and Clebsh (1960)

and SEO data
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Relevant Correspondence

R.T. Hicks Consul

301 Rio Gran




R. T. HICKS CONSULTANTS, LLTD.

901 Rio Grande Blvd NW & Suite F-142 A Albuguerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745

October 13, 2005

Mr, Daniel Sanchez

Enforcernent & Compliance Manager

New Mexico Qil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE: Zachary Hinton EOL Junction Box {0-12) Sec 12, T22S, R37E
NMOCD Case #1R0426-36

Dear Mr. Sanchez:

R.T. Hicks Consultants, Ltd. is pleased to submit the attached Stage I & II Abatement Plan
for the above referenced site. If you have any questions or concerns, please don't hesitate
to contact us.

Sincerely,
R.T. Hicks Consultants, Ltd.

Katie Lee
Staff Scientist

Copy:

Wayne Price, NMOCD; OCD Hobbs Office;
& Kristin Pope, Rice Operating Company



R. T. Hicks CONSULTANTS, LTD.

901 Rio Grande Blvd NW A Suite F-142 A Albuguerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745

June 29, 2005

Mr. Daniel Sanchez

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE:  Zachary Hinton EOL UL O Sec 12, T22S, R37E  1R0426-36

Dear Mr. Sanchez:

In your letter of May 5, 2005, NMOCD required Rice Operating Company (ROC) to submit an
abatement plan for the above-referenced site on or before July 15, 2005. We respectfully
request that NMOCD re-consider this request based upon the information presented in our
January 2004 Corrective Action Plan (2004 CAP), our response to NMOCD comments
(December 2004), and the ground water data presented below. All of these submissions
are included in the attached disc.

As the recent data (figure)

show, ground water chloride BD jct. 0-12 (Zachary Hinton) Monitor Well
!

concentrations decreased 550
from over 500 ppm in 2002
to the regional background 500

concentration of 300-400
ppm by 2003. Data

450 i\
\

—d
presented on page 12 of the E’
2004 CAP discuss the 3 400 =N A Py
regional water quality. 5 \ f/ \ By /

ﬁ 350 oo f \ | E—

Eleven quarters of ground ‘ \//
water monitoring allow us to | 300 | S
conclude that natural
attenuation has effectively ( 250 : —
restored ground water j U S I SRS ARSI SRS
quality at the site. I SR VI RGP N S QN P g

Alternatively, one could also
conclude from these data
that the first sample taken in 2002 was unusually high, perhaps due to disequilibrium in the
ground water caused by the drilling process.

We believe that the HYDRUS-1D modeling within the CAP demonstrates that:

1. Water contaminants in the vadose zone will not with reasonable probability contaminate
ground water or surface water, in excess of the standards in Paragraphs (2) and (3)
below, through leaching, percolation, or other transport mechanisms, or as the water
table elevation fluctuates.
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We believe the 11 quarters of ground water monitoring and the research on regional ground water
quality presented within the CAP show:

2. Ground-water pollution at any place of withdrawal for present or reasonably foreseeable
future use (e.g. the Zachary Hinton monitoring well or future down gradient wells),
where the TDS concentration is 10,000 mg/L or less, conforms to the following
standards:

a. Toxic poliutant(s) as defined in 20.6.2.7 NMAC are not present; and
b. The standards of 20.6.2.3103 NMAC are met.

Due to the location of the site, we believe it is obvious that:
3. Surface-water is not affected by the site and surface water conforms to the Water
Quality Standards for Interstate and Intrastate Surface Waters in New Mexico 20.6.4
NMAC,

Therefore, we respectfully request NMOCD:
o withdraw their request for an Abatement Plan for this site,
» carefully review our previous submissions, and
o evaluate the site for closure of the regulatory file.

Thank you for consideration of this request.

Sincerely,
R.T. Hicks Consultants, Ltd.

7
g T,

Randall Hicks
Principal

Copy:

Kristin Pope, Rice Operating Company
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January 30, 2004

Mr. Wayne Price

New Mexico Qil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE:  Zachary Hinton EOL Final Report

Dear Mr. Price

On behalf of Rice Operating Company, we are pleased to submit the final Corrective
Action Plan for the above-referenced site. We are pleased to report that the
chioride concentration in samples from the on-site monitoring well has returned to
background levels. We conclude that the residual chloride in the vadose zone poses
no threat to human health or the environment. We recommend filling the
excavation with soil capable of sustaining vegetation and plugging the monitoring
well,

Please contact us with any comments or questions regarding our recommended
closure protocol for this site.

Sincerely,
R.T. Hicks Consultants, Ltd.

/,;;M/k ’

Randall Hicks
Principal
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July 2, 2003

Mr. Wayne Price

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE:  Zachary Hinton EOL Junction Box, Section 12, 225, 37E Unit O
Dear Mr. Price

Rice Operating Company retained R.T. Hicks Consultants, Ltd. to address potential
environmental concerns at the above referenced site. This submission proposes a
scope of work that we believe will best mitigate any threat to human health and the
environment and lead to closure of the regulatory file for this site.

Background

The Zachary Hinton EOL Junction Box is located about 2.5 miles southeast of the
intersection of State Routes 18 and 8/176, near Eunice, New Mexico. Plate 1 shows
the location of the site.

Rice Operating Company (ROC) prepared a disclosure report dated January 21, 2003
that summarizes activities to date. This report is part of the annual submission to
NMOCD, due in April of each year. For your convenience, we have attached a copy
of this ROC report and a copy of recent ground water data from the adjacent
monitoring well.  The soil boring and backhoe excavation data show relatively
consistent concentrations of chloride from 11 feet below ground surface (5200 ppm
chloride) to 50 feet below ground surface (6410 ppm chloride). The consistency of
these concentrations suggests that a release from the junction box may have created
saturated conditions in the vadose zone.

ROC installed a monitoring well adjacent to the junction box. Four quarters of
ground water data show chloride concentrations in ground water are currently
between 400 and 500 mg/L. The most recent analysis of total dissolved solids
(11/6/02) from this well shows a result of 1290 mg/L. Because these values exceed
the New Mexico Water Quality Commission Standards, we propose the work
outlined below.
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1

. Evaluate Migration of Chloride Flux from the Vadose Zone to

Ground Water

We propose to employ HYDRUSID and a simple ground water mixing model to
evaluate the potential of residual chloride mass in the vadose zone to materially
impair ground water quality at the site. We will emiploy predictions of the migration
of chloride ion from the vadose zone to ground water in our selection of an
appropriate remedy for the land surface and underlying vadose zone. This
simulation is the 'no action” alternative, which predicts chloride flux to ground water
in the absence of any action by ROC.

We might provide simulations of two “no action” scenarios. For both simulations,
we will employ the input parameters to HYDRUS and the mixing model outlined in
Table 1. In the first simulation, we will assume that vegetation is not present over the
release site (no evapotranspiration) and a minimum aquifer thickness of 10 feet. This
will simulate restricion of any released chloride to a portion of the underlying
aquifer. If this first simulation does not return results that are consistent with the
existing ground water monitoring data, we will increase the aquifer thickness in the
mixing model to the maximum value allowed by data (a bout 35 feet). At other sites,
we have found that chloride can be distributed throughout the thickness of the
aquifer. Employing the entire thickness of the aquifer in the mixing model
calculations may be appropriate for the Zachary Hinton site.

Table 1: Input Parameters for Simulation Modeling

ﬁInput Parameter Source

Vadose Zone Thickness

Attached well log

Vadose Zone Texture

Attached well log

Dispersion Length

Professional judgment

Soil Moisture

Nearby Field Measurements

Vadose Zone Chloride Load

ROC Data from Disclosure Report

Length of release perpendicular to ground
water flow

Field Measurements

Climate

Pearl, NM station (Hobbs)

Background Chloride in Ground Water

Samples from nearby wells

Ground Water Flux

Calculated from regional hydraulic
data

Aquifer Thickness

Nicholson and Clebsch (1960) and
SEO data
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2.

Collection and Evaluation of Data for Simulation Modeling

The HYDRUSID and mixing model simulation requires input of 10 parameters. As
Table 1 shows, we must collect site specific data for several of these parameters,
some data are available from previous ROC work at the site, and other data are
available from public sources. Our previous work with the American Petroleum
Institute showed that soil moisture values did not strongly influence the ability of the
model to predict chloride migration from the vadose zone to ground water. We plan
to use soil moisture data from nearby sites for model input.

We propose a field program to collect important site-specific data for model input.
First we will measure the depth to ground water at five nearby windmills and the
adjacent monitoring well to determine the hydraulic gradient (Plate 1). We have
examined these abandoned and active windmills; we can measure these water levels.
To establish background chloride concentrations in ground water, we propose to
sample the active windmill located in Section 13 (Plate 1) and, if possible, two
additional up gradient wells in Sections 2 and 11 (identified as “Field Check
Required” on Plate 1).

3. Design Remedy and Submit Report

ROC has completed the repair of the pipeline junction at the Zachary Hinton EOL.
We do not anticipate additional releases of produced water at this site. Our
modeling of the "no action alternative" (Task 1) may show that the residual chloride
mass in the vadose zone poses a threat to ground water quality. If such a threat does
exist, we will use the HYDRUS-1D model predictions to develop a remedy for the
vadose zone. If necessary, we will simulate:

1. excavation, disposal and replacement of clean soil to remove the chloride
mass,

o

installation of a low permeability barrier to minimize natural infiltration,

3. surface grading and seeding to eliminate any ponding of precipitation and
promole evapotranspiration, thereby minimizing natural infiltration, and

4. acombination of the above potential remedies.

We will select the vadose zone remedy that offers the greatest environmental benefit
while causing the least environmental damage.
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We will use the ground water mixing model or a suitable alternative to assist in the
design of a ground water remedy. It is possible, however, that the background
chloride concentrations in ground water measured in the nearby windmills are equal
to or higher than the chloride concentration in the adjacent monitoring well. Such
data would strongly suggest that the Zachary Hinton EOL Junction Box has not
caused any material impairment of ground water quality. If we find no evidence of
impairment of water quality due to past activities at Zachary Hinton EOL Junction
Box, we will not prepare a ground water remedy. If data suggest that the Zachary
Hinton EOL Junction Box has contributed chloride to ground water and caused
ground water impairment, we will examine the following alternatives:

1. Natural restoration due to dilution and dispersion,

)

Pump and dispose to remove the chloride mass in the saturated zone,
3. Pump and treat to remove the chloride mass in the saturated zone,

4. Because of the location of the site, institutional controls negotiated with the
landowner may provide an effective remedy. Such controls may be
restriction of water use to livestock until natural restoration returns the water
quality to state standards, a provision for alternative supply well design, or a
provision for well head treatment to mitigate any damage to the water .
resource.

We plan to commence data collection for the HYDRUSID simulations described
above in mid July. Your approval to move forward with this workplan will facilitate
our access to nearby windmills and speed the implementation of a surface remedy.

Sincerely,
R.T. Hicks Consultants, Ltd.

Randall T. Hicks

Principal
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MODFLOW SIMULATION
Mode!l Input

Plate C-1 presents the model grid and shows the location of the former EOL
junction box as two recharge cells lying side-by-side, each 4m by 6m in size,
up-gradient from MW-1. Although the EOL junction box is about 4 meters by 4
meters (12 feet by 12 feet), the model assumes that recharge of brine leakage from
the site disperses as it infiltrates the sub-surface, impacting an area wider than the
size of the junction box. Because saturated and unsaturated flow in the vadose
zone 18 generally vertical with small lateral spreading in sandy vadose zone
profiles, the size of the recharge cells is a conservative assumption in this model.

The model assumes that the chloride concentration in the released brine is 100,000
mg/L and employs this concentration for the quality of recharge to the aquifer. The
recharge rate emploved by the model is 150 mm/year. Published reports

suggest that recharge 1o ground water in the arid southwest ranges from 0.01 to
more than 130 mm/year (Table 1. from Scanlon, 1991. and Table 2, from Keese

et. al., 2005; both are included at the end of this appendix). In their model, Mush-
arrarieh and Chudnoff (1999) employ a value of 9.6 mm/year for the area near
FEunice. Using 150 mm/year as a recharge rate appears appropriate for this site
where periodic releases of brine would cause a higher moisture content than the
sites described in the referenced publications.

These two input parameters vield the chloride flux to the aquifer at the recharge
cells and we adjusted these two factors to create the observed 1000 mg/L in
ground water at MW-1 (about 650 mg/L above background). For example.

if the produced water chemistry from the Zachary Hinton battery exhibited an
average chloride concentration of only 50,000 mg/L. model calibration would
demand increasing the recharge rate to about 300 mm/year. We tested a recharge
rate of 600 mm/year in the model and found no perturbation of the water table
elevation; therefore. higher recharge rates for the simulation experiment would
be acceptable for model calibration. The full text of the publications that describe

recharge is included at the end of this appendix.

Table C-1 (below) shows the other input data and the source of the data.

The model assumes that the background chloride concentration of the aquifer is
0.0 mg/L. The down-gradient and up-gradient boundary conditions are constant
head. forcing a uniform hydraulic gradient across the model that is consistent with

site observations.

R.T. Hicks Consultants, Ltd. March 13, 2007 page C?
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Table C-1: MODFLOW and MT3D input Data

Modfiow and MT3D Input Parameters

Description Value Unit Source of Data
Model X Extent 2000 meters
Model Y Extent 3000 meters
Number of Layers 1 --
Hydraulic Conductivity (Kx, Ky, Ki 1.6E-04 m/sec Musharrafieh and Chudnoff, 1999
Layer Thickness 19 meters Site Data
Depth to Water 16 meters Site Data
Transmissivity 4 8E-04 | m"2/sec Musharrafieh and Chudnoff, 1999
Saturated Thickness 3 meters Nicholson and Ciebsch, 1960 and Site Data
Total Porosity 0.3 - Professional Judgement
Effecitive Porosity 0.15 -- Professional Judgement
Specific Yeild (Sy) 0.2 -- Musharrafieh and Chudnoff, 1999
Recharge (0 to 20 years) 150 mm/year Professional Judgement
Recharge Concentration (0 to 20 100,000 mg/L Professional Judgement
Specific Storage (Ss) 1.00E-05 1/m Musharrafieh and Chudnoff, 1999
Long. Dispersitvity 10 m Professional Judgement
Horiz/Long Dispersivity 0.1 -= Professional Judgement
Vert/Long Dispersivity 0.01 -- Professional Judgement
Diffusion Coeff 0 m”2/day Professional Judgement

Results of Simulations

Plate C-2 shows the chloride concentration in the aquifer five years afler recharge
begins. This simulation suggests that five vears of periodic brine releases at the
Zachary Hinton EOL Junction Box would cause a chloride concentration of 780
mg/L above background in an observation well 10 meters down-gradient from

the release site and a chloride concentration 900 mg/L above background at the
release site itself. After 10 vears of periodic brine releases that result in an aver-
age flux of brine to the aquifer of 130 mm/vear, ground water at the simulated

observation well is about 780 mg/L above background chloride concentration.

The resultant ground water plume (defined by the 100 mg/L contour line) is 1,018

meters long and 33 meters wide, as Plate C-3 shows.

Twenty years of periodic releases do not materially change the extent or magni-

tude of the simulated ground water plume. As illustrated in Plate C-4. after 20

years. the chloride concentration in the monitoring well is 760 mg/L above back

ground chloride concentration. the plume is 1,060 meters long and 33 meters

wide. This simulation suggests a dynamic equilibrium between the input of

chloride at the recharge (release) site and the dispersion/dilution effects of

ground water transport.

R.T. Hicks Consultants, Ltd.

March 13, 2007

page g:z
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At year 20. the recharge rate in the model 1s 0.0 mm/year, which simulates
cessation of periodic brine releases after upgrade of the line. One year after
cessation of recharge, the chloride concentration in the monitoring well returns

1o background level as the chloride migrates down-gradient, difutes, and disperses.
The magnitude and extent of the plume decreases. as shown in Plate C-4. Plate
C-3 of the main report shows the simulation two years afler cessation of intermit-
tent brine releases. Three vears afier cessation of recharge, the area of interest
returns to background ground water quality.

Simulation Conclusions

This simple simulation experiment predicts that periodic releases of brine

from the Zachary Hinton site will cause ground water chloride to rise above
background quality by about 900 mg/L near the source area (the recharge cells).
Because background chloride in the aquifer is about 300400 mg/L. the model
predicts a chloride concentration of about 1,100-1,200 mg/L at the source. This
prediction is consistent with the initial chloride concentration at MW-1 because
we manipulated the chloride flux to ground water (within reasonable limits)

to create this result. This adjustment is part of model calibration.

The model predicts that natural dilution and dispersion rapidly reduce chloride
concentrations in ground water after the cessation of recharge (i.e. intermittent
brine releases from the EOL Junction Box). Although the model is simple and
assumes that the recharge stops immediately, the predictions conform with the
data from this site and to observed ground water impairment at other junction box
sites: therefore, additional adjustment of input data (e.g.: hydraulic conductivity)
is not required to calibrate the model to observed conditions.

R.T. Hicks Consultants, Ltd. March 13, 2007 page CS
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EVALUATION OF MOISTURE FLUX FROM CHLORIDE
DATA IN DESERT SOILS*

Bridget R. Scanlon
Bureau of Economic Geology, The University of Texas at Austin, Austin, Texas78713, U.S.A.
(Recicved 19 November 1990; revised and accepted 23 January 1991)

ABSTRACT
Scanlon, B.R., 1991. Evaluation of moisture flux from chloride data in desert soils. ). Hydrol., 128: 137-156.

Chloride-concentration data from 10 soil profiles in a 40 km? area of the Chihuahuan Desert of
Texas were used 1o assess chloride mass balance methods of evaluating moisture flux. The relative
importance of advective and diffusive transport mechanisms was determined. Moisture fluxes
were calculated from measured chloride concentrations on the basis of a stcady-state flow model.
To evaluate controls on unsaturated flow, moisture fluxes from this study were compared with
those from other regions.

The chloride profiles displayed large variations in concentrations and had (a) low chloride
concentrations (< 100 g 111‘3) near land surface, (b) maximum chloride concentrations (1,900 to
9,300 g m”}) at depths of 1.3 to 4.6 m, and (c) gradually decreasing chloride concentrations with
depth below the peak. Steep concentration gradients (up to 12,000 g 3 m_]), characteristic of
chloride profiles in these desert soils, indicate a potential for molecular diffusion; however, low
moisture contents (£ 0.1) in the zone of steep concentration gradients resulted in diffusive fluxes
that were 2 to 3 orders of magnitude lower than the advective fluxes; therefore, diffusive fluxes
were neglected in flux calculations. Because the chloride accession rate was assumed to be constant
throughout the study area, calculated moisture {luxes are inversely proportional to chloride
concentrations in the soil water. Highest moisture {luxes (up to 6 mm yr™') were calculated near
land surface and are related to chloride leaching as a result of precipitation. Within the upper meter
of the unsaturated zonc, soil moisture [luxes decrcased sharply to 0.1 mm yr‘l as most of the water
evapotranspired in this zone. Soil motsture fluxes decreased 1o a minimum at the chloride peak
and then inereased gradually as chloride concentrations decreased with depth below the peak.
Reductions in chloride concentrations below the peak are attributed to differences in moisture
fluxes as a result of paleoclimatic variations. Comparisons of chloride profiles from different
regions indicate that geomorphic setting plays a major role in controlling moisture flux in the

unsaturated zone.

INTRODUCTION

Chloride profiles have been used in a variety of settings to evaluate moisture
fluxes in the unsaturated zone (Allison et al., 1985; Phillips et al., 1988). In arid

*Publication authorized by the Director, Burcau of Economic Geology., The University of Texas at Austin,

0022-1694/91/%03.50 © 1991 — Elsevier Science Pubhishers B. V. All rights reserved.
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systems, downward water flux is very difficult to quantify because it represents a
small percentage of the total water balance. The chloride mass balance approach,
which provides estimates of moisture flux during long time periods, has many
advantages over conventional physical approaches in partly vegetated, arid systems
because meteorologic data from these systems indicate large interannual variations
in precipitation that would necessitate monitoring physical parameters over a long
time to obtain reliable estimates of moisture flux. The water balance approach, in
which downward water flux is computed from the difference between precipitation,
evapotranspiration, and runoff, is generally inaccurate in arid systems because
evapotranspiration constitutes most of the total water budget and estimates of
evapotranspiration from micrometeorologic techniques are not sufficiently accurate
in partly vegetated desert regions. The use of Darcy’s Law to estimate moisture
fluxes is also problematic because of the complexity of flow in desert soils where
liquid and vapor transport may occur 1n response to water potential and temperature
gradients. Highly nonlinear relationships between moisture content, water
potential, and hydraulic conductivity result in large uncertainties in these flux
calculations.

In contrast to physical methods that provide moisture flux data for the duration
of the monitoring period, profiles of chloride concentrations yield information on
moisture fluxes over long periods (up to 50,000 yr; Allison et al., 1985). In addition,
unlike many of the physical methods in which the accuracy of moisture flux
calculations decreases as the flux decreases, the accuracy of flux estimates from
the chloride mass balance approach does not necessarily decrease because chloride-
concentrations increase as the moisture flux decreases. This increase in chloride
concentrations results from evapotranspiration because chloride 1s nonvolatile
and because plant uptake is minimal. Chloride data also provide information on
spatial variability in downward water movement because each profile represents
a point estimate of moisture flux. Good agreement has been found between
estimates of moisture flux based on the chloride approach and those based on
tritium data in a humid region (Allison etal., 1985). Results from chloride profiles
have also been corroborated with data from stable isotope profiles (Sharma and
Hughes, 1985; Fontes et al., 1986). .

Thick unsaturated zones in arid regions are being considered as potential sites
for radioactive waste disposal facilities because Jow precipitation and high
evapotranspiration rates result in low recharge potentials and because the low
permeability of a thick unsaturated zone may provide a natural barrier to
radionuclide migration to the water table. The unsaturated zone in a 40 km? area
of the Chihuahuan Desert in Texas (Fig. 1) 1s being considered as a potential
repository of low-level radioactive waste. The objective of this study was to
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Figure 1. Location of sampled boreholes. Inset shows location of study area within the
Chihuahuan Descrt of Texas.

evaluate the moisture flux and its spatial variability in the upper 15 m of the
unsaturated zone of this system. This paper focuses on chemical methods of
analyzing water movement based on the distribution of environmental chloride.
Key components of the research include evaluation of (1) the chloride mass balance
method for determination of moisture fluxes, (2) the relative importance of
advective and diffusive fluxes, (3) the spatial variability in moisture fluxes, and
(4) controls on chloride profiles and moisture fluxes based on comparisons with
other regions.

Chloride Mass Balance

Chloride concentrations in soil water have been used to evaluate moisture fluxes
in semiarid systems (Bresler, 1973; Peck et al., 1981; Sharma and Hughes, 1985;
Johnston, 1987). Chloride 1s an 1deal tracer because it is chemically conservative.
According to the theory of chloride transport (Bresler, 1973; Peck et al.,, 1981),
the solute flux (Jg), under steady-state conditions, can be described by:

d
-]S:—Dh(Q;V)'a_;"JFCC]w (1)
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where Dy is the hydrodynamic dispersion coefficient, a function of 6 (the
volumetric moisture content) and v (the average soil moisture velocity); z is the
vertical space coordinate; ¢ is the concentration; and qy 1s the volumetric
soil-moisture flux. Jg was approximated by the mean annual precipitation rate
(P: 280 mm yr_1 [1. Griffiths, pers. comm., 1990]), times the chloride concentration
in precipitation and in dry fallout (Clp) for this study area (Sharma and Hughes,
1985; Mattick et al., 1987). The mean chloride concentration (Clp: 0.29 g m™3)
was calculated from the prebomb 36C1/CI ratio (0.46 x 10“]2) measured in soil
water from borehole 51, and the natural 36C1 fallout at the site estimated as
20 atoms S0CI m—2 ¢~ (Bentley et al., 1986; Scanlon et al., 1990). The resultant
Jg value was 0.08 ¢ m2 yr 1.

Rearranging equation (1) yields the soil-moisture flux:

Jc/
QW:JC_ JS+Dh(9>V) 5—2— @

)

The first term in the outer parentheses represents the flux that results from advection
and the second term represents the flux from dispersion. The mechanical dispersion
coefficient (Dy,) and the effective molecular diffusion coefficient (De) comprise
the hydrodynamic dispersion coefficient. Dy, 1s assumed to be negligible because
flow velocities are less than 7 m yr~!, which Olsen and Kemper (1968) specify
as the water velocity below which mechanical dispersion can be ignored.
De includes the effects of tortuosity and water content. Recent studies of Deg
values of silts, sands, and gravels indicate that D 1s primarily a function of moisture
content and only secondarily dependent on soil type (Conca, in press; Conca and
Wright, 1990). At low-moisture fluxes, the diffusive flux may be dominant. The
diffusive flux was estimated from the first derivative of c(z) times De. Cubic
splines were fitted to the observed chloride profiles to smooth the data and to
calculate the first derivative in equation (2). Moisture content data from the profiles
were used to calculate De based on the relationship between moisture content
and De from Conca (pers. comm., 1990). The moisture flux is divided by the
volumetric moisture content to obtain the moisture velocity (qw/6), which
represents the actual rate of solute transport.

In many arid systems the hydrodynamic dispersion coefficient was assumed
to be negligible (Allison et al., 1985; Stone, 1990) and equation (2) was simplified
to:

qw=Js/c (3)

The travel time (1) represented by chloride at depth z can be evaluated by
dividing the total mass of chloride from the surface to that depth by the
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chloride flux:

20l Xz

sw

J (4)

S
where ¢ is approximated by Clgyw (chloride concentration n soil water).
Chloride profiles provide a qualitative estimate of moisture flux because there
are many assumptions associated with the chloride mass balance approach. These

t

assumptions are:

(1) one-dimensional, vertical, downward, piston-type flow; (2) precipitation
as the only source of chloride; (3) mean annual precipitation and chloride
concentration of precipitation constant through time; and (4) steady-state chloride
flux equal to the chloride accession rate in rainfall. The accuracy of the flux
estimates from chloride data depends on the reliability of the physical flow model
used to interpret the data. Although this model of chloride movement predicts
that chloride concentrations should increase through the root zone and remain
constant below the root zone, many previously published chloride profiles show
that chloride concentration decreases below the peak; therefore, some of the
assumptions associated with the model may not be valid for different systems.
The reduction in chloride concentration below the peak was attributed to
groundwater dilution (Phillips et al., 1988), nonpiston-type flow (Sharma
and Hughes, 1985), or failure of the steady-state flow assumption as a result
of paleoclimatic variations (Allison et al., 1985; Phillips and Stone, 1985). An
alternative method was used to analyze some chloride profiles in Western Australia
that did not assume a downward moisture flux (Peck et al., 1981). This analysis
showed that steep concentration gradients below the chloride peak resulted 1n the
flux being dominated by diffusion rather than advection and that the calculated
moisture flux was upward, in contrast to the downward flux assumed by the
chloride mass balance theory. These studies underline the importance of evaluating
the conceptual flow model that is used to analyze the chloride data and the
applicability of the assumptions to cach study area.

Anion exclusion may also affect the accuracy of flux estimates based on chloride
data. Most studies of anion exclusion are restricted to laboratory column
experiments in which ionic Cl or 36C] mi grated faster than 3H (Biggar and Nielsen,
1962; Krupp et al., 1972; Wierenga and van Genuchten, 1989). Faster migration
of Clrelative to that of SH was also recorded in field tracer experiments (Gvirtzman
et al., 1986; van de Pol et al., 1977). Calculated anion velocities were as much as
twice the estimated water velocities in clay-rich soils (Gvirtzman et al., 1986;
James and Rubin, 1986). In desert soils, such as in New Mexico and the present
study area, deeper penetration of 3H relative to that of 20CI was attributed to
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downward movement of H in the vapor phase (Phillips et al., 1988; Scanlon, in
press). These data suggest that although Cl may be excluded from the liquid
phase, flux estimates based on Cl data should not overestimate the water (liquid +
vapor) flux in desert soils.

Study Area Description

This study area (31° 25'N, 105° 40" E) 1s located in the Hueco Bolson, which
is a 200-m- thick sediment-filled basin within the Chihuahuan Desert of Texas
(Fig. 1). The Hueco Bolson is part of the Rio Grande Rift and formed as a result
of Basin and Range deformation during the Tertiary (Henry and Price, 1986). The
unsaturated zone consists of 0 to 15 m of silty to gravelly loam of the Tertiary and
Quaternary Camp Rice Formation, underlain by approximately 140 m of clay
with interbedded silt and sand of the upper Tertiary Fort Hancock Formation.
Shallow coarse-grained material was deposited in alluvial and eolian environments,
whereas the deeper clay sediments were deposited in a predominantly lacustrine
environment. A discontinuous layer of caliche occurs at a depth of 1 to 2 m.

Regional climate is subtropical arid (Larkin and Bomar, 1983); mean annual
precipitation is 280 mm and has large interannual variations that range from 110
to 440 mm 1n El Paso, located 65 km northwest of the study area. Approximately
60% of the precipitation falls between June 1 and September 30 as convective
storms. Mean annual potential evapotranspiration (Class A pan) is approximately
seven times mean annual precipitation.

The present surface of the Hueco Bolson is an alluvial plain that slopes 1 to
1.5% toward the Rio Grande. Modern ephemeral streams that drain the alluvial
plain lack well-defined channels (maximum relief 0.6 m). The upper reaches of
the ephemeral streams drain into incised channels (arroyos) southwest of the study
area (Fig. 1). Streams are generally dry except after precipitation events. Shrubs,
such as creosote (Larrea tridentata) and mesquite (Prosopis glandulosa), are
common and root to depths of 1 to 5 m. The topography is relatively flat with
slopes of less than 1%. Because of the low topography, precipitation events
predominantly result in sheet flow across the area (S. Akhter, pers. comm., 1989).

METHODS

To determine ambient moisture and chloride contents, approximately 230 soil
samples were collected from 10 boreholes drilled during 1988 and 1989 (Fig. 1).
These boreholes were rotary drilled with hollow-stem augers without drilling fluids.
Samples were collected in Shelby tubes, and the sampling interval varied from
approximately 0.3 to 1 m. Many of the boreholes were drilled to the top of the
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clay-rich Fort Hancock Formation at a depth of 10 to 15 m, which the auger could
not penetrate.

Gravimetric-moisture content was determined by drying at least 80 g of soil at
105°C for 48 hr. Although volumetric-moisture content could not be directly
determined 1in 90% of the samples because the material was not sufficiently
cohesive, volumetric-moisture content of these samples was calculated from
gravimetric-moisture content using a bulk density of 1.4 (average bulk density
measured in 27 samples). To determine chloride content, double-deionized water
was added to the oven-dried soil sample ina 1:1 or 2:1 ratio. Samples were agitated
on a reciprocal shaker table for 8 hr, then centrifuged for 10 min at 5,000 rpm.
The supernatant was filtered through 0.45 pm filters. Chloride was then analyzed
by ion chromatography or by potentiometric titration. To test if oven drying had
any effect on chloride concentration, four samples at field moisture were split and
one half of each was oven dried. Soil texture of these samples was not determined.
Comparison of the chloride concentrations of the splits showed that oven drying
had no effect on chloride concentrations.

Textures of approximately 100 soil samples were measured. The samples were
ground to disaggregate calichified materials. The greater-than-2-mm fraction was
determined by dry sieving, and the percent of sand, silt, and clay was evaluated
by hydrometer analysis following Bouyoucos (1962). Sediment samples that
contained gravel were classified according to Folk (1974) and those that did not
contain gravel were classified gecording to the U.S. Department of Agriculture
(1975).

RESULTS AND DISCUSSION

In the following sections, 6 of the 10 measured chloride profiles are described
in detail; descriptions of the other profiles can be found in Scanlon (in press).
The chloride profiles are plotted at different scales in figure 2. All measured
chloride profiles are bulge shaped and consist of low chloride concentrations near
the surface, at depths of generally less than 0.3 m, and maximum chloride
concentrations at depths of 1.3 to 4.6 m that decrease to low concentrations with
depth (Fig. 2). Chloride profiles display a wide variability in their maximum
chloride concentrations, which range from 1,900 g m— (Figs. 2¢ and 2h) to
9,300 ¢ m™ (Fig. 2aa).

The chloride profile from borehole 15 is characterized by low concentrations
(<100¢g m3) in the upper meter of the unsaturated zone (Fig. 2¢). This zone of
low concentration corresponds to high moisture content (0.11 to 0.19 m3 111‘3)
that reflects infiltration of a recent precipitation event. Below this surficial leached
zone, chloride concentrations increase sharply to 1,900 ¢ m3 as a result of
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Figure 2(a-ac). Data from six boreholes on soil texture, moisture content, chloride concentration,
and fitted cubic spline, and calculated moisture flux based on cquation (3) plotted against depth,
and cumulative chloride plotted against cumulative water content. Note the different scales used
for various profiles. Soil textures: g, gravel; s, sand; 1, loam; ¢, clay; msg, muddy sandy gravel;
gms, gravelly muddy sand; 1s, Joamy sand; sl, sandy loam; scl, sandy clay loam; cl, clay loam; gm,
gravelly mud; and sc, sandy clay.

evapotranspirative enrichment. Chloride concentration gradients increased with
depth at rates of up to 900 g m=3 m~1. The peak chloride concentration was
recorded at a depth of 3.2 m. Chloride concentrations decrease gradually to
340 ¢ m™ below the peak, and chloride concentration gradients range from
500 gm=m1tol10g m™ m~! in this zone. Chloride concentrations in samples
from the shallow zone of borehole 18 are much higher (350 to 400 g m™=3)
(Fig. 2h) and the moisture contents much lower (0.06 to 0.13 m3 m™3) (Fig. 2¢)
than those from borehole 15 because borehole 18 was sampled after a long dry
period. The chloride concentration gradients, peak concentrations, and depth of
the chloride peak are similar in the profiles from boreholes 15 and 18. Both
profiles sample the ephemeral stream setting.
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Figure 2. (continued)

Boreholes 27 and 30 were located in interstream settings (Fig. 1) and their
chloride profiles are similar (Figs. 21 and 2q). Both profiles have a leached section
of approximately 0.5 m. Chloride concentration gradients are very steep above
the peak (= —6,000 g m—3 m’]), whereas these gradients are much lower
(2,000t0 10 g m—3 m_]) below the peak.

Borehole 50 was sampled in an ephemeral stream after a rainfall event. The
shallow zone 1s characterized by low chloride concentrations (2 to 7 g 111'3) and
high. moisture contents (0.14 to 0.26 m3 m_3) (Figs. 2u and 2v). Below
the surficial leached zone, moisture content shows no systematic relationship
with depth. Chloride concentration gradients above the chloride peak are
> 2,000 g m™3 m~!, whereas those below the peak range from 1,200 to
5g¢m™ m~!. Comparisons of chloride concentrations in samples from nearby
(10 m away) borehole 51 (Fig. 1) give an indication of local variability. Peak
chloride concentrations (2,000 g m“3) are similar in the two profiles;
however, the depth of the peak 1s approximately 1 m deeper in the profile from
borehole 50.
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Chloride concentrations in samples from borehole 74 (Fig. 2aa), also located
in an ephemeral stream setting (Fig. 1), are higher than those recorded in all other
profiles. The chloride profile is multipeaked and not as smooth as other
measured profiles. Chloride concentration gradients are steepest in this profile
(up to 12,000 g m—3 m_]') and vary markedly with depth. The soil texture above
8 m depth (gravelly muddy sand to sand; Fig. 2y) i1s much coarser grained than
that in the other profiles (predominantly sandy clay loam). The transition from
shallow coarse material to deeper clay corresponds to a marked increase in moisture
content of 0.3 m3 w3 (Fig. 2z). The clay-rich Fort Hancock Formation is found
at a shallower depth (8 m) in this borehole than in the other boreholes to the
northeast (13 to 15 m in boreholes 23, 30, and 50).

Chloride concentrations in the surficial sediments vary depending on the
relationship between the sampling time and precipitation events. At depths greater
than approximately 0.5 m, chloride concentrations represent longer time periods
and are not affected by individual precipitation events. No systematic relationship
was found between the chloride profiles and the present geomorphic setting. The
lack of a relationship may result from these two geomorphic systems being
hydrologically similar because most of the runoff occurs as sheet flow (S. Akhter,
pers. comm., 1989), and the topographic difference between the two settings 1s
small (0.6 m). Alternative hypotheses are that the geomorphic systems are not
stable over the long time periods reflected in these chloride profiles, or that soil
textural variations are more important in controlling moisture flux, as shown by
the profile from borehole 74.

Transport Mechanisms

The general advection-dispersion equation (equation 2) was fitted to the chloride
concentration data to evaluate the relative importance of advection and diffusion.
Smooth chloride profiles are generally thought to reflect redistribution of
chloride as a result of diffusion. Chloride concentration gradients were up to
12,000 g m™3 (borehole 74). These large concentration gradients should yield
high diffusive fluxes. Effective diffusion coefficients (Dg) estimated from the
moisture content data in the profiles and the relationship between moisture
content and De developed by Conca (pers. comm., 1990) was approximately
1071 m? 571 in most profiles. The range in Deg (]0_]O to 10—12) was higher
in samples from borehole 74 because the range of moisture content was
greater with lower moisture contents in the coarser grained material and higher
moisture contents in the clay section (Fig. 2z).
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Above the chloride peak, increasing chloride concentrations with depth
gave rise to upward diffusive fluxes that ranged from 1073 t0 1074 mm yr L.
Below the chloride peak, downward diffusive fluxes ranged from 1073 1o
107> mm yf]. Although the multipeaked chloride profile from borehole 74
could be expected to reflect lower diffusive fluxes in this profile relative to those
in other profiles, the diffusive fluxes are actually similar because the effect of
steeper concentration gradients cancels the lower De values in samples
from borehole 74. The low calculated diffusive fluxes for all profiles (1 03 to
107> mm yr']) are attributed in part to low moisture contents (< 0.1 m3 111‘3)
in the zone of high concentration gradients. D, gradually decreases with moisture
content, from a value of 1079 m?2 s~! at a moisture content of 0.5 m3 m—3 to a
value of 1010 m2 571 at a moisture content of 0.1 m3 m=3 (Conca, in press).
Below a moisture content of 0.1 m3 m'3, De decreases sharply to 10713 m2 -1
at a moisture content 0f 0.01 to 0.005 m3 m—3. Another factor that contributes to
the low diffusive fluxes is that the effects of absolute concentrations and steep
concentration gradients on the diffusive flux cancel each other (equation 2) as the
zones of high chloride concentrations and steep concentration gradients coincide.

In contrast to the diffusive flux, which varies in direction according to the
chloride concentration gradients, the calculated advective flux must always be
downward because the chloride approach assumes a constant downward chloride
flux. The calculated advective flux ranges from 1072 to 107! mm yr“] in most
profiles and is approximately 2 to 3 orders of magnitude higher than the diffusive
flux. These data suggest that the diffusive flux can be neglected and soil moisture
flux can be approximated by the advective flux, as seen in equation (3).

Because the chloride flux is assumed to be constant throughout the study area,
variations in the soil moisture chloride concentrations reflect differences in
moisture flux. Therefore, the chloride concentration in soil water increases to the
peak value as the moisture flux decreases, and chloride concentrations decrease
below the peak as moisture flux increases (Fig. 2). The highest moisture fluxes
were recorded in samples from the shallow zone of borehole 50 (Fig. 2w) where
chloride had been leached (£ 10 g nr3) by a recent precipitation event. The
advective fluxes in all profiles decrease sharply to 0.1 mm yr_] within the top
meter of the unsaturated zone because almost 100% of the soil water is
evapotranspired in this zone. Calculated moisture fluxes are at a minimum where
soil moisture chloride concentrations peak, and they increase gradually with depth
below the peak as chloride concentrations decrease. Soil moisture velocities
(qy/0) generally parallel soil moisture flux profiles and are approximately 2 orders
of magnitude greater than soil moisture fluxes.
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In addition to diffusion, chloride concentration gradients also give rise to
osmotic potential gradients that cause advective flux in the direction of higher
chloride concentrations. Osmotic potentials (Wy; units mega Pascals, MPa) were
calculated from soil water chloride concentrations according to the Vant Hoff
equation (Campbell, 1985):

vy = (vCy RT)/1000

where v is the number of osmotically active particles (2 for NaCl), C is the
concentration (moles kg™ 1), v 1is the osmotic coefficient (Robinson and Stokes,
1959), R 1s the gas constant

(8.3142°J mole~! OK_]), and T 1s temperature (°K). Osmotic coefficients
decrease with increasing chloride concentration. Maximum osmotic potential
gradients of 2 MPa m~! were calculated for the chloride profile from borehole 74
(Scanlon et al., in press). The remaining profiles were characterized by osmotic
potential gradients generally less than 0.4 MPa m~!. These osmotic potential
gradients are negligible compared with the measured water potential gradients
(< 15 MPa m™! in borehole 74 [Scanlon et al.; in press]), and fluxes resulting
from the osmotic potential gradients should have a minimal effect on flow.

Validity of Assumptions of Chloride Approach

Asoutlined in the introduction, many assumptions are used to estimate moisture
fluxes from chloride data, and the validity of these assumptions in this study area
needs to be examined. The one-dimensional vertical flow assumption is considered
valid because, except at borehole 74 where topographic slopes are up to 2%, all
chloride profiles are from topographically flat areas having slopes of less than
1%. In sloping topography, the chloride method underestimates moisture fluxes
because lateral flow is neglected (Mattick et al., 1987). The direction of moisture
flux is assumed to be downward. If the moisture flux were in fact upward, the
highest chloride concen-trations would occur at the land surface, as seen in chloride
profiles from the Sahara (Fontes et al., 1986). Maximum chloride concentrations
observed at depths of 1.3 to 4.6 m in the Hueco Bolson indicate that the net
moisture flux 1s downward in this depth interval of the unsaturated zone.
Precipitation is assumed to be the only source of chloride; there are no chloride
sources or sinks below the root zone. The sediments in this study area are terrestrial
and do not contain any chloride of marine origin. The low observed chloride
concentrations in soil water indicate that chloride is not in equilibnum with chloride
mincrals. The bases of some of the profiles are characterized by chloride
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Figure 3. Chloride mass balance age calculated according to equation (4). Borchole numbers
shown adjacent to each line.

concentrations as low as 100 g m™3, which further indicates that any in situ chloride
source is negligible.

The piston-flow assumption is more difficult to assess. The applicability of
piston flow depends on the temporal and spatial scales being considered. Near
the soil surface where desiccation cracks develop, nonpiston flow may be dominant.
Higher moisture fluxes based on groundwater chloride relative to those based on
chloride concentration in the unsaturated zone in many areas have been attributed
to nonpiston flow or bypass of the matrix with low-chloride water (Peck et al.,
19871; Sharma and Hughes, 1985; Johnston, 1987). Chloride profiles in these
areas are generally smooth, which indicates that the smoothness of the profiles
does not help discriminate between piston and nonpiston flow. Flow along
preferential pathways that bypasses the matrix 1s used to explain the reduction in
chloride concentrations below the peak in some profiles (Sharma and Hughes,
1985). Many profiles characterized by a large amount of preferential flow are
from wetter regions (precipitation 8§00 to 1,200 mm yr*1 [Sharma and Hughes,
1985; Johnston, 1987]) than the Hueco Bolson (precipitation 280 mm yr"1 ). The
water potentials (matric and osmotic potentials) in the Hueco Bolson are very low -
(-2 to—16 MPa [Scanlon et al., in press]); therefore, most of the water is adsorbed
onto grain surfaces and 1s unlikely to move along larger openings or root channels.

The long time period represented by chloride profiles in this study (10,000 to
30,000 yr; Fig. 3) spans paleoclimatic variations and may invalidate the steady-
state subsurface flow assumption. The decrease in soil water chloride
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concentrations below the peak may represent temporally varying precipitation,
chloride input, moisture flux, or other environmental conditions (Allison et al,,
1985). To examine the possibility of changing environmental conditions,
cumulative chloride concentration was plotted against cumulative water content
for each borehole. Cumulative water content was used instead of depth to factor
out variations in water content (Allison et al., 1985). Moisture fluxes were
calculated from the straight-line portions of these plots, which signify uniform
environmental conditions. In these flux calculations, Clgyy 1s the weighted mean
soil water chloride concentration in a depth interval that has a constant ratio of
cumulative chloride to water content; the constant ratio indicates uniform
environmental conditions during a period of recharge. Profiles have either multiple
line segments or curved lines, both of which suggest varying environmental
conditions (Figs. 2e, 2, 2n, 2s, 2x, and 2ac). An increase in slope of the cumulative-
chloride-versus-water-content profiles with depth reflects past conditions with
greater water and/or chloride flux than present rates of flux. If a constant chloride
flux 1s assumed, calculated moisture fluxes range from 0.03 to 0.7 mm yr—l.
Many of the profiles indicate a change in the moisture flux from 9,000 to
6,000 yr, higher moisture fluxes having occurred before this period and lower
moisture fluxes from this period to the present. This is consistent with paleoclimatic
data that suggest that the climate during the late Wisconsinan and early Holocene
(22,000 to 8,000 yr) was much wetter than middle to late Holocene (8,000 yr to
present) (Van Devender and Spaulding, 1979). In addition to higher precipitation
rates in the past, the seasonality of the precipitation is also thought to differ, winter
frontal storms being dominant before 8,000 yr, summer convective storms being
more typical of the climate since then (Van Devender and Spaulding, 1979),
which would further reduce the moisture flux from 8,000 yr to the present.

Controls on Chloride Profiles and Moisture Fluxes

Chloride profiles and moisture fluxes from the Hueco Bolson were compared
with those from other regions to evaluate controls on unsaturated flow and solute
transport processes. Possible controls on these processes include climate and
paleoclimate, geomorphic and hydrologic settings, and soil texture.

Moisture fluxes from chloride profiles in sand dunes in a humid region in
Western Australia ranged from 50 to 115 mm yr‘], which 1s much higher than
those estimated for sand dunes in an arid region (flux 0.06 mm yr_]) in South
Australia (Table 1). The wetter region was characterized by up to 50% flow
along preferential pathways that bypassed the matrix (Sharma and Hughes, 1985).
Moisture flux differences between these two regions are much greater than flux
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differences attributed to paleoclimatic variations in the Hueco Bolson (0.01 to
0.26 mm yr"]) and in South Australia (0.01 to 0.17 mm )/1"]) (Allison et al.,
1985). Calculated moisture fluxes are directly affected by uncertainty in the
estimated chloride accession rate. Estimated moisture fluxes for chloride profiles
in eastern New Mexico ranged from 1 to 12 mm yr“] (Stone, 1990) based on
measured chloride concentrations in precipitationof 2.4 ¢ 111_3; however, moisture
fluxes for the same chloride profiles were four times less when a value of chloride
concentration of precipitation from a nearby area of 0.6 g m~3 was used
(Phillips and Stone, 1985).

Chloride profiles were measured in a variety of geomorphic settings in New
Mexico and South Australia. Geomorphic settings that varied from sand hills to
playas (depressions that are frequently ponded) were sampled in eastern
New Mexico, and moisture fluxes ranged from 1 to 4 mm yr‘] in the sandy areas
to 12 mm yr_1 in the playas (Stone, 1990). The moisture-flux estimate for the
playas represents the lower limit of the actual moisture flux because runoff into
the playa was not included in the calculations. Undisturbed calcrete, primary and
secondary sinkholes, and vegetated and unvegetated sand dunes were sampled
for chloride in South Australia (Allison et al., 1985). Calculated moisture
fluxes in the undisturbed calcrete and primary sinkhole ranged from 0.07 to
0.17 mm yr_l, and an increase in moisture flux in the past was attributed to
paleoclimatic variations. Because runoff was not included in the chloride
calculations for secondary sinkholes, the recharge estimate of 60 mm yr_1
represents the lower limit of moisture flux in this geomorphic setting. Higher
moisture fluxes in the unvegetated dunes relative to the vegetated dunes signify
the importance of transpiration in reducing the moisture flux in these systems
(Table 1). These variations in moisture flux with geomorphic setting are much
greater than those recorded between ephemeral stream and interstream seftings in
the Hueco Bolson, probably because differences in topography between these
two geomorphic systems in the Hueco Bolson are small (0.6 m).
~ The subsurface hydrologic system may also affect the shape of the chloride
profile and calculated moisture fluxes. The unsaturated zone in the northern Sahara
is characterized by maximum chloride concentrations at the soil surface and an
exponential decrease in concentration to the water table that is at a depth of
20 m (Fontes et al., 1986). The profiles are attributed to groundwater discharge,
which is corroborated by stable isotope data. The lack of sensitivity of the chloride
profiles to subsurface hydrology is demonstrated by two closely spaced
(2 km apart) chloride profiles in New Mexico. The water table in the Pleistocene
alluvium site near Socorro is 5 m deep, and measured water potentials are high
(z 0.8 MPa) (Stephens and Knowlton, 1986). The water table is much deeper in
the Holocene terrace (Table 1), and under steady-state flow equilibrium water
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potentials should be approximately 1 order of magnitude lower than those in the
Pleistocene alluvium. Soil texture in both systems ranges from sandy loam
to sand. Moisture fluxes based on chloride profiles are similar (1 to 3 mm yr=1)
and suggest that long-term moisture fluxes are insensitive to variations in water
potential in the unsaturated zone or i water-table depth.

The effect of soil texture on calculated moisture fluxes was examined by
comparing chloride profiles and moisture fluxes in Holocene terrace environments
near Socorro and in another site near Las Cruces (Phillips et al., 1988). Water-
table depth and geomorphic setting are similar in both areas (Table 1). Lower
moisture fluxes calculated from chloride profiles near Las Cruces relative to
those recorded in the Holocene terrace area were attributed to finer grained
sediments near Las Cruces compared with those measured in the Holocene terrace
(Table 1). Large porosities associated with finer grained sediments retain
water for longer periods of time in the shallow zone where it is more readily
evapotranspired.

The combined effects of grain size and climatic factors also affect transport
mechanisms in the unsaturated zone. Soil texture in profiles from an area in
Western Australia ranges from gravel in the shallow zone (1 to 5 m) to clay at a
depth of 5 to 30 m (Peck et al., 1981; Johnston, 1987). Precipitation rates are
high in this area (600 to 1,300 mm yr_l) and result in high moisture contents of
0.4 m3 m™3 in the clay section. The chloride profiles are bulge shaped and are
characterized by steep concentration gradients. The combination of high moisture
contents in the clay and steep chloride concentration gradients results in downward
diffusive fluxes being dominant below the chloride peak and net upward advective
fluxes of 0.05 to 0.5 mm yr—1 below the chloride peak in some profiles.

Implications for Waste Disposal

Data from chloride profiles have direct implications for evaluation of waste-
disposal sites. One of the primary uncertainties associated with waste disposal is
the prediction of long-term climatic variations and their effect on moisture flux.
Chloride profiles in the Hueco Bolson represent up to 30,000 yr of moisture flux
and probably span paleoclimatic variations. The range in moisture fluxes,
represented by the chloride profiles, can be used to evaluate sensitivity of
contaminant migration from proposed sites to variations in flux. Moisture fluxes
1 wetter regions may approximate the flux beneath leaking waste-disposal facilities
in more arid systems. Flow along preferential pathways appears to be more
prevalent in wetter climates (Sharma and Hughes, 1985; Johnston, 1987).
If unsaturated flow bypasses the matrix, contaminant transport rates would be
much greater than those estimated on the basis of piston flow.
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Comparison of chloride profiles in several regions showed that calculated
recharge rates are much more sensitive to geomorphic settings than to paleoclimatic
variations. Because of the strong dependence of moisture flux on geomorphic
setting it is important to characterize geomorphic variations within an area and to
measure chloride profiles in each setting to adequately quantify recharge at a site.
The variability in moisture fluxes gives some indication of the number of chloride
profiles required to obtain an estimate of the areal moisture flux.

CONCLUSIONS

Chloride profiles were quite variable in the study area, and maximum
concentrations ranged from 1,900 to 9,300 g m=3 m~1. Although chloride-
concentration gradients were steep (up to 12,000 g m=3 m~! ), diffusive moisture
fluxes were negligible (10_3 to 107> mm yr‘l) because of the low observed
moisture contents (< 0.1 m? m_3) in the zone of steep concentration
gradients. Advective moisture fluxes ranged from 1071 to 1072 mm yr_'1 In most
profiles and approximated the total moisture flux. Because the chloride flux
(0.08 g m™2 yr_l) was assumed to be constant throughout the area, the moisture
flux was inversely related to the chloride concentration in the so1l water. Reductions
in chloride concentration with depth below the peak were attributed to higher
moisture fluxes in the past, an inference that was generally consistent with
paleoclimatic reconstructions of the area.

Comparisons among chloride profiles in different regions indicated that
variations in geomorphic setting, climate, and soi1l texture are among the primary
controls of moisture fluxes in the unsaturated zone. Information on the relative
importance of different controls on unsaturated moisture flux can be used to
evaluate various parameters in site characterization studies related to waste
disposal. In addition, data on soil moisture flux variations provided by chloride
profiles can be used in sensitivity analyses related to performance assessment of
different sites.
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[1] Understanding climate, vegetation, and soil controls on recharge 1s essential for
estimating potential impacts of climate variability and land use/land cover change on
recharge. Recharge controls were evaluated by simulating drainage m S-m-thick profiles
using a one-dimensional (1-D) unsaturated flow code (UNSAT-H), climate data, and
vepetation and soil coverages from online sources. Soil hydraulic properties were
esttimated from STATSGO/SSURGO soils data using pedotransfer functions. Vegetation
parameters were obtained from the literature. Long-term (1961-1990) simulations

were conducted for 13 county-scale regions representing arid to humid climates and
different vegetation and soil types, using data for Texas. Areally averaged recharge rates
are most appropriate for water resources; therefore Geographic Information Systems were
used to determine spatial weighting of recharge results from 1-D models for the
combination of vegetation and soils in cach region. Simulated 30-year mean annual
recharge in bare sand is high (51-709 mm/yr) and represents 23—-60% (arid—humid)
of mean annual precipitation (MAP). Adding vegetation reduced recharge by factors of 2—
30 (humid—and), and soil textural variability reduced recharge by factors of 2—11 relative
{o recharge in bare sand. Vegetation and soil textural variability both resulted in a large
range of recharge rates within each region; however, spatially weighted, long-term
recharge rates were much less variable and were positively correlated with MAP (1 = 0.85
for vegetated sand; r* = 0.62 for variably textured soils). The most realistic simulations
included vegetation and variably textured soils, which resulted in recharge rates from 0.2
to 118 mm/yr (0.1-10% of MAP). Mean annual precipitation explains 80% of the
varation in recharge and can be used to map recharge.

Citation: Keese, K. E., B. R. Scanlon, and R. C. Reedy (2005), Assessing controls on diffuse groundwater recharge using unsaturated
flow modeling, Huter Resowr: Res., 47, W06010, doi:]0.1029/2004WR003841.

1. Intreduction

[2] Understanding controls on the water cyele, such as
chimate, vegetation, and soils, is important in evaluating the
potential impact of chimate variability and land use/land
cover (LU/LC) change on the water cycle. Land surface
models are currently being used on regional scales to assess
the retative importance of these influences on the waler
cycle [Bonun, 1997, Pielke et al, 1998)]. These models
focus on evapotranspiration (ET) and feedback between the
fand surface and climate and have not been applied
to estimating subsurface components of the water cycle.
Recharge (addition of water to an aquifer) is a critical
component of the water cvele for water resources and as 4
vector Tor nutrients and contaminants from the land surface
to underlying aquifers. The need to control recharge at
regional scales for environmental purposes, such as man-
agement of water resources and reduction n salinization,
underscores the importance of understanding fundumental
controls on recharge. Examples include removal of brush
and riparian vegetation in semiarid regions of the south-
western United States to increase recharge and reforestation
in areas of Australia to reduce recharge and associated

Copyright 2003 by the American Geophysical Union.
0043-1397/05/2004WR00384 1509.00

salinity problems [Allison et al., 1990; Dugas et al., 1998,
Dawes et al., 2002; Wilcox, 2002].

[3] The basic controls on diffuse groundwater recharge
include climate, vegetation, soils, and topography. Diffuse
recharge refers to areally distributed recharge derived from
precipitation or irrigation and should be distinguished from
focused or concentrated recharge in topographic depres-
sions, such as swreams, lakes, and playas. Comparison of
previous recharge estimates from various studies indicates
that recharge is higher in humid wversus arid regions;
however, most studies focus on recharge in and regions
(Lerner et al., 1990; Robins, 1998}, The presence of
vegetation markedly reduces recharge in semiarid to arid
basins [Gee er al., 1994], Vegetation type also significantly
impacts recharge rales: recharge is higher in areas of annual
crops and grasses than in arcas of trees and shrubs [Prvch.
1998]). Replacement of deep-rooted native eucalyptus trees
with shallow-rooted crops in Australia increased recharge
by about two orders of magnitude (<0.1 mm/yr for native
mallee vegetation to 5—30 mm/yr for crop/pasture rotations)
[Allison et al, 1990}, Ficld and modeling studies have
shown that recharge is greater in coarser versus finer textured
soils [Cook and Kiliy, 1992; Rockhold et al., 1993, Kearns
and Hendricky, 1998]. The influence of topography on
recharge is variuble. Catchment-scale modeling studizs indi-
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cate that subsurface lateral flow was negligible in some
catchments and flow could be treated as 1-D {Dawes et al.,
{997: Haton, 1998, Zhang et al., 1999].

[4] Previous studics have cvaluated controls on ground-
water recharge using ficld studies or numerical modeling.
Kennert-Smith et al. [1994] related variations in recharge to
precipitation and clay content using a simple water balance
model and field recharge estimates. Sophocleous [1992]
used multiple regression analysis to link variations in field-
based recharge estimates primarily to variations in preci-
pilation and also 1o variations in soil water storuge, water
table depth, and spring precipitation rale for a 3,400-km?
arca in Kansas. Petheram et al. [2002] evaluated impacts of
Jand use on recharge by reviewing previous recharge studies
in Australia and correlated recharge 1o precipitation in areas
of annual vegetation and sandy soils (? = 0.6). However,
comparison of recharge rates among the different studices
was difficult because of the wide variety of techniques used
that represented a range of space and timescales.

[5] Physical, chemical, and modeling approaches can be
nsed io estimate recharge on the basis of swface water,
unsaturated zone, and groundwater data [Scanlon et al.,
2002b]. Numerical modeling 1s the only tool that can predict
recharge. and it is also extremely useful in 1solating the
relative importance of different controls on recharge, pro-
vided that the model properly accounts for physical and
biological processes. Various types of codes can be used 1o
simulate recharge, such as land-atmosphere, watershed,
unsaturated zone, and groundwater codes. Although land-
atmosphere codes simulate all the processes required to
estimate recharge, including Richards® equation for simu-
lating unsaturated flow and a variety of approaches for
simulating evapotranspiration (ET) [Cotton et al., 2003; Dui
et al., 20037, these codes have generally not been used 1o
simulate recharge. Watershed codes have been used to
estimate groundwater recharge [Harton, 1998; Zhang ct
al., 1999]; however, the large number of parameters
required makes it difficult to obtain a unique solution.
Unsaturated zone codes range from simple bucket codes
[Hatton, 1998; Hevesi et al., 2002; Lewis and Walker, 2002]
to those based on Richards’ equation [Braud et al., 1995;
Fayer et ol., 1996], as well as some that include plant
growth modules {Dawes and Hatron, 1993; Zhang et al.,
1996]. Simulation studies of recharge using unsaturated
zone codes range from bare ground [Scanlon and Milly,
1994 Scon ¢t al.. 2000] to vegetated systems [Rockhold et
al , 1995; Kearns and Hendrickx, 1998]. One-dimensional
unsaturated zone modeling has been used with GIS cover-
ages of vegelation and soils to determine areally distributed
recharge [Faver et al., 1996]. Sensitivity analyses 1o assess
controls on recharge using unsaturated zone codes were
fairly simplistic, ranging from monolithic to simple two-
layered soil profiles, with or without vegetation and differ-
ent vegetation types (shrubs/grasses) [Rockhoid er al., 1995;
Kearns and Hendricky, 1998]. Groundwater model calibra-
fion or inversion can also be used to estimate recharge rates;
however, model inversion using hydraulic head data is
limited only to estimating the ratio of recharge to hydraulic
conductivity {Sunford, 2002]. Such recharge estimates are
generally not considercd highly reliable because hydraulic
conductivity can vary over several orders of magnitude.
More reliable recharze estimation requires information on
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water fluxes or ages in addition to hydraulic head to
calibrate the model [Sunford, 20021

[6} Primary difficultics with modeling recharge are data
requirements and model parameterization. The following
online data sources have made recharge simulations much
more feasible, Weather generators, such as GEM (Genera-
tion of weather Elements for Multiple applications), include
databases of meteorological stations and can generate data
for other regions [Hanson et al., 1994; Richardson, 2000].
Geographic Information Systems (GIS) distributions of soils
are provided by the State Soil Geographic (STATSGO)
database (1:250,000 scale) and Soil Survey Geographic
(SSURGO) database (1:24,000 scale). Pedotransfer func-
tions are available to transfer soil texture information mto
water relention and hydraulic properties required for mod-
eling [Schaap er al., 20017, Vegetation distribution and land
use (National Land Cover Data) can be obtained from
online sources [McMahon et al., 1984, Vogelmann et al.,
20011, Remote sensing also provides information on vege-
tation paramcters at different resolutions (30 m; LandSat
TM to 1.1 km; MODIS). Percent bare area can be estimated
from fractional vegetation coverage using satellite data such
as AVHRR or MODIS. Information on leaf area index is
available from normalized difference vegetation index
(NDVI) [Myneni et «l, 1997]. 1t is more difficult to obtain
information on rooting depths; however, estimates can be
obtamed from the literature [e.g., Canadell et al., 1996].

[7] The purpose of this study was to determine the
relative importance of different controls on diffuse ground-
water recharge using unsaturated, one-dimensional flow
models of recharge for regions representing a range of climate
(arid-hunud), vegetation (shrubs, grasses, forests, crops),
and soil (fine-coarse grained, monolithic and layered) con-
ditions on the basis of data from Texas. This study focuses on
long-term (30 year), areally averaged recharge rates that are
appropriate for assessing water resources and evaluating
aquifer vulnerability to nutrient loading. Unique aspects of
the study are the (1) range of climate, vegetation, and soil
conditions examined, (2) use of online and published data for
input and parameterization of models, (3) combination of 1-D
modeling and GIS coverages to develop areally averaged
recharge estimales, (4) length of simulations (1961 -1990),
and (5) comparison with field-based estimaltes.

2. Materials and Methods

2.1. Study Area Description: Climate, Soils, and
Vegetation

[s] The broad study arca is the state of Texas
(~700,000 km*) (Figure 1). Thirteen study regions, repre-
senting a variely of climate, vegetation, and soil types were
used in this study to simulate the water balance for a 30 year
period (1961 -1990). Simulated regions were also located to
represent recharge areas of major porous media aquifers in
the state (Figwre ) and Table 1), Each study region repre-
sents a one- or two-county area above an aquifer (11352~
3042 km?), with the exception of region 2 {entire outcrop
of Cenozoic Pecos Alluvium Aquifer: 14,980 km?). The
topography of the regions is gencrally Hat, with average
slopes <0.5% in the High Plains and Gulf Coast regions and
slightly higher slopes in the remaining regions (<1.3%)
(Table 1). Long-term (1961-1990) mean annual precipita-
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Figure 1. Modeled study regions (1-13), meteorological
station locations (city name), and major porous media
aquifer outcrop areas. Regions are numbered in order of
increasing precipitation; refer to Table 1 for region names.

tion (MAP) ranges from 224 mum/yr in the west to
1,184 mm/yr in the east. Annual precipitation at individual
meteorological stations ranged from 110 mm (region I,
El Paso, 1969) to 1783 mm (region 13, Houston,
1973). Summer precipitation (June—August) is dominant
throughout much of the state, particularly in western
(43%) and northern (33-48%) regions (Figure 2). Spring
precipitation is dominant in central regions (29-33%),
whereas fall precipitation is dominant in southeastern
regions (28—-39%). Precipitation is fairly uniformly distrib-
uted in the more humid regions in the east. Winter
precipitation (December—February) is generally low
throughout most of the state (8—16%), with the exception
of the humid east (21%). The coefficient of variation (CV)
in annual precipitation is greatest in semiarid regions in the
west (0.35) and less throughout the rest of the area (CV:
0.21-0.24) (Figure 3 and Table 2). Vegetation ranges from
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predominantly shrubs and grasses in the west, shrub/forest
to forest/shrub in the central area, and forest and forest/

- shrub in the east (Figure 4). Cropland areas dominate much
of the northern and southeastern regions. Variations in clay
content in the upper 1.5 to 2 m soil profile depths based
on STATSGO data generally follow the distribution of
underlying geologic units, e.g., high clay content in the
central region of the Southern High Plains (region 5),
corresponding 1o the underlying Blackwater Draw Forma-
tion, and high clay content in the northern and central parts
of the Gulf Coast (regions 12 and 13), corresponding to the
underlying Beaumont Formation (Figure 3).

2.2,

[9] Unsaturated flow modeling was used to simulate
drainage below the root zone, which is equated to ground-
water recharge and assumes that climate and land use/land
cover remain constant over timescales required for water to
move from the root zone to the water table. The UNSAT-H
code (version 3.0 [Fayer, 2000]) was chosen because
previous code comparison studies showed that water
balance simulations based on UNSAT-H compare favorably
with field data [Scanlon et al,, 2002a]. UNSAT-H is a 1-D,
finite difference code that simulates nonisothermal liquid
flow and vapor diffusion in response to meteorological
forcing. The simulations focus on the water balance:

Model Description

D=P—ET Ry —AS (1)

where D is deep drainage below the root zone, P is
precipitation, £7'is evapotranspiration, Ry is surface runoff,
and AS is change in water storage. UNSAT-H simulates
subsurface water flow using Richards” equation:

B dg D o O .
5‘75_52<K(0)79—;> ”‘S(%[)
d oh
:é([{(O)E—K(OO ~S(z,1) )

where 0 ts volumetric water content, ¢ is water flux, K is
hydraulic conductivity, A is hydraulic head, & is matric
potential head, and S is a sink term used to describe the
removal of water by plants. UNSAT-H includes multiple
analytical functions for water retention and unsaturated
hydraulic conductivity.

Table 1. General Characteristics of Modeled Regions”

Region MAP, PET, Region Topographic Slope Mcan Mcan Mecan
Number Region mm/yr mm/yr P/PET HZ Arca, km? Slope Mean, % SD, % Sand, % Silt, % Clay, %
! Ll Paso 224 2087 0.11 A 2079 0.73 1.36 09 20 11
2 CPA 380 2169 0.18 A 14980 0.38 0.42 60 21 19
3 Midland 380 2169 0.18 A 1388 0.28 0.27 56 20 24
4 Lubbock 474 2034 0.23 SA 2313 0.46 0.72 43 26 3t
5 Carson 497 2096 0.24 SA 2363 0.54 0.88 29 35 35
6 Fisher/Jones 620 2132 0.29 SA 1577 0.45 0.42 52 21 26
7 Starr 671 1788 0.38 SA 2474 0.55 0.6l 64 13 24
8 Bastrop 810 1732 0.47 SA 1197 Lol 1.04 49 2] 30
9 Parker 855 1819 0.47 SA 1404 1.31 1.17 48 23 28
10 Hopkins/Rains 855 1819 0.47 SA 1152 0.52 0.49 4] 28 31
11 Upshur/Gregg 855 1819 047 SA 1972 1.05 1.20 51 23 26
i2 Victorla 933 1651 0.57 SH 2303 0.22 0.31 41 23 360
13 Liberty 1184 1362 0.87 H 3042 0.17 0.31 27 33 40

*CPA, Cenozoic Pecos Alluvium aquifer; MAP, 30 year mean annual precipitation; PET, 30 year mean annual poteatial evapotranspiration; HZ. humidity
zone [United Nations Environment Programme, 1992], A, arid; SA, semiarid; SH, subhumid; H, humid.
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Figure 2. Mcan (30 ycar) annual precipitation and
seasonal distribution of mean annual precipitation for the
10 meteorological stations used 1n the simulations: spring
(March—May), summer {June—August), fall (September—
November), and winter (December—February).

[} The upper atmospheric boundary condition is simu-
lated as a system-dependent boundary condition that
changes from a prescribed head to a prescribed flux,
depending on climate and subsurface conditions. Il the
applicd flux (precipitation or evapotranspiration) is < the
potential flux and the matric potential head at the surface is
between O and a prespecified dry value (hyy). then the
potential flux, which is controlled by external conditions,
applies. Runoff is simulated implicitly by UNSAT-I. If the
precipitation rate exceeds the infiltration capacity of the soil,
excess water runs off (infiltration excess or Hortonian
runoff). If the matric potential head at the surface reaches
{, the soil becomes saturated, a constant head boundary
condition applies {h = 0). and cxcess waier runs off
(saturation excess or Dunne runoff). If the soil surface
becomes too dry (h < hyy). a constant head boundary
condition applies (h = hg,y) and evaporation or evapotrans-
piration is controlled by the rate at which water can be
ransmitied to the surface. Ponding is not simulated with
this code. Plant water uptake is simulated accordimg to the
approach proposed by Feddes et ul. [1978] that partitions
PET into potential evaporation (PE) and potential transpi-
ration (PT) using an cempirical cquation developed by
Ritchie and Burnerr {1971]. which distributes PT over the
ool zone on the basis of depth variations in root density and
reduces this PT to actual transpiration on the basis of matric
potential head [Faver, 20001

2.3, Maodel Application
[11] The water balance for a 30 year period (1961--1990)

was simulated for 13 study regions. Input data requirements

for the model mclude metcorologic forcing, vegetation
paramcters, hvdraulic parameters for different soil types,
and initial conditions. To assess the relative importance of
different controls on groundwater recharge, four differen
scenarios were used: (1) nonvegetated, monolithic sand,
(2) nonvegetated, texturally variable soil. (3) vegetated,
monolithic sand. and (4) vegetated. texturally vartable soil.
The simplest simutations of nonvegetaled, monolithic sand
were used to provide an upper bound on recharge rates.
Complex. texturally variabie soil profiles were simulated
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without vegetation 1o evaluate the impact of soil textural
vartability on recharge. Vegelalion was added to the mono-
hithic and texturally variable soil profiles to determine its
impact on simulated recharge. The most realistic scenario is
represented by vegetated. texturalty variable soils.

[12] A soil-profile depth of 5 m was chosen for the
simulations because it is deeper than root zone depths of
the vegetation uscd. In addition. soil textural mformation 1s
availubie only for the upper 2 m from STATSGO and
SSURGO. and texture i the 2 1o 5 m zone was assumed
equal 1o that of the lowest data available. Sensitivity of
simulated recharge to profile depth was evaluated. In
monolithic profiles, nodal spacing ranged from 2 mm at
the fop and base of the profile and mcreased by a factor of
~1.2 with depth to a maximum value of 230 mm within the
profife. In layered soil profiles, nodal spacing was also
reduced near textural interfaces o a value of ~20 mm.
Inital conditions were set arbitrarily at o matric potential
head of =3 m for higher precipitation regions (6—13) and
— 10 m for all other regions. The impact of witial conditions
on simulation results was evaluated by reinitinlizing simu-
lations multiple times with the final conditions of each run;
however, rerunning simulations once was found 1o be
sufficient for minimizing the timpact of initial condifions.

[13] Meteorological dafa for 10 stations were obtained
from the database in the GEM code [Hanson et al., 1994].
Some station data were used 1o simulate recharge m more
than one region (Midland station, regions 2 and 3; Fort
Worth station, regions 9-11). The 1961-1990 period was
chosen because of availability of solar radiation for potential
evapotranspiration calculations from the Nutional Solar
Radiation Data Base (National Renewable Energy Labora-
tory, Golden, Colorado; 1992). Melecorologic mput 1o the
model mcluded daily precipitation. daily average dew point
temperature, wind speed and cloud cover, total daily solar
radiation, and minimum and maximum daily temperatures.
Daily precipitation was applied at a prespecified default
intensity of 10 mm/hr, and ET is not simulated during this
time. Previous code comparisons showed that the approuach
used in codes to simulate precipitation and evapotranspira-
tion when daily precipitation 1s used as mput can have a
large impact on simulated recharge and that the UNSAT-H

approach adequately simulates measured data [Scanlon el
2500 ;
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Figure 3. Total unnual precipitation (solid lines) and PET
(dashed lines) for swtions that represent a range of

precipitation and PET (1, El Paso; 8. Austing 13, Houston).
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Table 2. Simulation Results for the Four Basic Scenarios®
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Nonvegetated Texturally

Vegetated Texturally
Variable Soils

MAP Nonvegetated Sand Variable Soils Vegetated Sand
Recharge Recharge Recharge Recharge
Region  Total €V Total CV R/ AE PET/AE Toal R/P AE  Rgp AS  Total R/P AET Total R/P AET Ry AS
1 224 0.35 51 022 23 173 121 19 9 205 0 0.0 2 1 222 0.2 0.1 224 0 =07
2 380 035 137 020 36 243 8.9 80 21 286 14 0.0 34 9 346 1Lt 29 356 14  -0.7
3 380 035 137 020 36 243 8.9 56 15 316 7 —0.1 11 3 369 1.5 04 375 4 —0.6
4 474 023 180 0.24 38 294 6.9 19 4 366 90 —-04 33 7 441 0.8 02 3% 8 -09
S 497 0.21 174 0.6 35 323 6.5 16 30 286 195 —1.0 29 6 468 0.4 0.1 312 186 —1.4
6 620 023 269 0.19 43 351 6.1 88 14 364 168 —-04 80 13 540 56 09 435 180 —08
7 671 024 338 0.19 50 334 5.4 191 29 454 25 0.0 115 17 556 338 5.0 610 27 0.1
8 810 0.21 406 020 50 403 43 98 12 586 125 0.0 95 12 715 101 1.3 619 181 —0.8
9 855 0.22 432 0.18 SI 423 43 193 23 587 74 0.0 106 12749 290 34 727 99 04
10 855 0.22 432 0.18 51 423 4.3 146 17 0663 46 0.0 83 10 772 4.7 0.6 792 59 04
1 855 0.22 432 0.18 51 423 4.3 193 23 639 24 0.0 111 13 744 351 41 795 25 =02
12 933 023 507 022 54 427 3.9 91 10 423 419 —0.2 285 31 0648 257 2.8 520 388 -03
13 1184 022 709 018 60 475 2.9 230 19 619 335 —-02 369 31 815 117.7 99 748 319 02
*Runoff and change in storage is 0 for nonvegetated and vegetated monolithic sand profiles. All ratios are expressed as percent. Units are mm/yr. MAP,

measured 30 ycar mean annual precipitation; CV, cocfficient of variation; R, simulated 30 ycar mean annual recharge; R/P, recharge to precipitation ratio;
AE, actual evaporation; AET, actual evapotranspiration; AS, change in water storage; Ro, runoft.

al, 2002a]. A modified Penman-Monteith equation was
used to calculate PET [Doorenbos and Pruitt, 1977].
Parameter hy, was set to —100 m. A unit gradient lower
boundary condition was used that corresponds to free
drainage or gravitational flow and is most appropriate for
simulating unimpeded recharge.

[14] Distribution of vegetation types for each of the
modeled regions was obtained from a GIS coverage
of vegetation in Texas [McMahon et al., 1984] (Figures 4
and 6). Crop vegetation types were derived from the
percentage of area harvested over the simulation period
(USDA National Agricultural Statistics Service). Vegetation
parameters required for UNSAT-H include percent bare
area, planting and harvesting dates for crops, time series
of leaf arca index (LAI) and rooting depth (RD), and root
length density (RLD). These parameters were obtained
mostly from the literature (see auxiliary material).l Addi-
tional information was obtained from discussions with
ecologists and crop specialists. Time series for LAl and
root growth were specified on particular days of the year
and linearly interpolated. Root growth was simulated for
crops only; other plant types were perennial. The RLD
function is based on the assumption that normalized total
root biomass is related directly to RLD (p) and can be
related to depth below the surface (z) by

P = aexp(—=bz) +¢ (3)
where a, b, and ¢ are coefficients that optimize fit to
normalized biomass data. Some vegetation classes contain
more than one vegetation type. For example, forests are
classified as 75% trees and 25% grasses, Recharge estimates
for these regions were obtained by simulating different
vegelation types separately and arcally weighting results.
The 1-D modeling approach used in this study does not
account for effects of neighboring plant root systems and
may overestimate recharge in areas where deeper rooted
vegetation extends into arecas with shallower rooted

’_A_l;\l_]l’ll\ material is available at fip//{tp.agu.org/apend/wr/
2004WR003841.

vegetation. Recharge would be overestimated most in arcas
where the difference in rooting depths is greatest. However,
this error is considered relatively minor considering that
information on the distribution of different vegetation types
is only approximate. Dominant vegetation types that
represented ~70-80% of the area of each region were
simulated.

[15] Soil profiles for the simulations ranged from mono-
lithic sand to texturally variable profiles. Hydraulic proper-
ties for the sand were obtained from the UNSODA database
(UNSODA 4650: K, 5.87 nvday; 6. 0.38; 6,0 0; o 5.03
1/m; n: 1.7736 [Leij et al., 1996]). SSURGO version 2 data
[U.S. Department of Agriculture (USDA), 1994] were used
to provide information for texturally variable soil profiles
for all regions but were unavailable for region 2, where
STATSGO data [USDA, 1995] were used for the entire
(multicounty) outcrop area of the aquifer. Pedotransfer
functions were used to determine soil hydraulic properties.
Rosetta software uses neural network programming and
a database of measured texture, water retention, and satu-
rated hydraulic conductivity to provide estimates of van

Ciops™
FE Forest
E5T ForestShrub
ShrublForest
Shrub
Grassland/Forest
Grassland
WatarWetland
EI5 Ucban

Figure 4. Dominant vegetation associations in Texas
[McMahon et al., 1984].
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Figure 5. Average soil profile clay content derived from
STATSGO database. Water-covered areas are shown in
blue. Simulated runoff using vegetated, texturally variable
soils are shown for each region.

Genuchten water retention parameters and saturated hy-
draulic conductivity for input to unsaturated flow models
[Schaap et al., 2001]. Only texture and bulk density
information was available from the STATSGO database
for input to Rosetta. Soil layer texture, bulk density, and
volumetric water content at —3 and —150 m head were
available from the SSURGO version 2 database for input to
Rosetta, Simulations were mun for soil profiles that repre-
sented ~80% of the area of each simulated region, which
corresponded to 629 profiles for different regions. Exam-
ination of recharge results for all profiles for a region
showed that recharge rates could be categorized into
distinct groups, resulting in a more manageable 3-7 rep-
resentative profiles for each region.

[16] Simulated recharge results are represented by a
single temporal (30 year) and spatial average recharge value
for each region, using GIS coverages to determine the area
represented by each vegetation type, soil type, or combina-
tion of vegetation and soil types to spatially weight 1-D
results. A total of 460 simulations were conducted for the
final analysis. For monolithic profile simulations, models
were developed for each of the 10 meteorological stations,
resulting in 10 representative recharge values. For vegetated
and texturally variable soil profile simulations, 13 recharge
values representative of ecach of the study regions

100 T
H

$ 80 - o
b v 1 | | m— Trees
£ 60 4 # el = Shiubs/Brush
5 mmwma Grasses/Hay
= 40
T
(o]
< 20 A

O o

: =R
123 4567 8 810111213
Region number

Figure 6. Percentages of vegetation types found in each

region.
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were delermined. Recharge rates for cach region (30 year,
spatially weighted average) were plotied versus long-term
(30 year) MAP, and equations were it to the results for each
of the four modeling scenarios (i.e., nonvegetated mono-
lithic and texturally variable soil profiles and vegetated
monolithic and texturally variable soil profiles). Power
law equations were used because they resulted in higher
correlation cocfficients and lower residual standard devia-
tions than linear or Jog linear equations. Finally, the power
law equation representing the vegetated, texturally variable
soils scenario was used to generate a continuous statewide
recharge rate map based on the distribution of MAP.
Although shown for the entire state, results should be
applied only to outcrop areas of the porous media aquifers
shown.

[17} Sensitivity of recharge to climate, vegetation, and
soils was evaluated in the four different scenarios consid-
ered, isolating the impact of each of these parameters.
Additional sensitivity analyses were conducted to evaluate
variations in vegetation parameters, initial conditions, PET,
and depth of soil profile. Vegetation parameters evaluated
included percent bare area, leaf area index, root depth, and
root length density. Each parameter was increased and
decreased by 50 percent, with the exception of percent bare
area, which is 0 for the base case and was increased to 25
and 50%, and profile depth, which was increased from 5 to
10 m in the sensitivity analysis. Sensitivity analyses were
conducted using data from region 6.

3. Results and Discussion

(18] Simulation results are represented for the four basic
scenarios to assess relative importance of climate, vegeta-
tion, and soils in controlling recharge. Final mass balance
errors were <5% of final recharge rates and <0.5 mm/yr.

3.1.

[19] Simulated mean (30 year) annual recharge for bare
sand is high and ranges from 51 mm/yr in the arid west to
709 mnV/yr in the more humid east, representing 23 (arid) to

Nonvegetated, Monolithic Sand Simulations

800

Manolithic sand P
Vegetated monolithic sand
Variably textured soils
Vegetated variably textured soils

600 -

>0 » @

400

200

Mean annual recharge (mm)

o

0 200 400 600 800 1000 1200

Mean annual precipitation (mm)

Figure 7. Relationships between long-term (30 year)
MAP and simulated mean annual arcally weighted recharge.
Power law equations were fit to the results for monolithic
sand profiles (solid lines) and variably textured soil profiles
(dashed lines).
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Table 3. Power Law Equation Coefficients and Residual Statistics 2.9 in the east (region 13) (Table 2). In arid regions most
for Estimating Long-Term (30 Yeur) Meon Annual Recharge From infiltrated water is returned 1o the atmosphere through

Precipitation” cvaporation, as shown by the tracking of precipitation and
- } evaporation i region | (Figure 9). The high correlation
Coefhicients Residual ,_‘p N ( )

— (" = 0.83) between evaporation and precipitation in this
Modeling Scenario “ b - o [ region may be attributed to evaporation rarely being cnergy
: . . hmited (high PET). Annual recharge is not directly corre-

Nopvegetated, 1956 % 107 1484 099 85 8.5 Inted Agl & : )- A " » 22003k Fere |
monofithic sand ) ated with annual precipitation (i .03) beeause there s a
Vegetated. 6130 > 1077 2855 0854 266 284 lag between clevated precipitation and recharge. In contrast,
monolithic sand ) in more humid settings empomtl(m and precipitation are

~0z : ad aun n
NLT“L:L‘IJM’{J’ fil Hoot 3450624 282 33 ot as highly correlated = 0. 66, region 13), which may
avered soll prodies )

Vepatated, 1947 5 107" 5407 0805 v2  Jo2 De related 1o ener ey limitations on ET (lower PET). There is

little lag between lugh precipitation and recharge, as shown

by the strong correlation between unnual precipitation and
D eharee ralee ool lmesed 1 N or b eanat) C o veae]ae
Recharge vmlu Ls_lmml(,d from t‘hc Pm\u Lu\\' .Lqu(mun for \Lgul(lluq, rech harge ( e 90, IL}:,l(m }1)

fexturally variable soifs are shown in Figure 10, The power faw maodel 1s

yo=ax”, where s mean anaual recharge (mmevr) and x is precipitation 32

(mméyr). Here 17, coefficient of deterpiination; o, stundard deviation; . =%

average absolute deviation.

Jayered soil profiles

Nonvegetated, Texturally Variable Soil
Simulations

217 Simulated mean (30 vcm'} annual, arcally averaged
recharge ranges from 16 mm/yr in the north to 23¢ mm/yr in
60% (humid) of MAP (Table 2. Variations in mean annual  the southeast for texturally variable soil profiles, represent-
recharge can be explained entirely by varistions in MAP, g 3 to 29% of MAP (Figure 7 and Table 2). These
using the power law relationship. Recharge increases with rcchurgc rates are 2 o 11 umes !O‘R’Uf than thosc based on
precipitation (° = 1.0: Figure 7 and Tables 2 and 3). These  monolithic S:Lmd_ pruﬁlcs, md)cut.mg the importance of soil
recharge estimates provide an upper bound on actual lextural variability in controlling I‘CCh?“"LJ@- The lower
recharge rates because vegetation and soil textural variabil- ~ recharge rates may reflect finer textured soils, or they may
ity were not included. In addition, simulated runoff from the ~ be relaied to reductions in recharge caused by profile
1-D model is zero, whereas runoff estimates based on a  layering, both fine over coarse (capillary barrier effect)
statewide water balance range from 0 mm/yr in the west to  and coarse over fine layering. Reductions in recharge in
415 mum/yr in the east {73&"17' er al., 1997]. Lack of .ﬂlC texturally variable soil simul:xtions cm'rcsp‘ond to
simulated runoff was attributed to the high saturated hy-  increased runoff, cvaporation, or both. Approximately
draulic conductivity of the sand (0.24 m/hr) relative to the  00% of the variation in xulmr“e can be explained by
prespecified precipitation intensity (0.01 m/hr). variativns in precipitation using the power law relationship

[20] Temporal variability in mean annual recharge is (' = 0.62, Table 3). Multiple linear regression using Jog-log
similar throughout the state (CV: 0.16-0.24) and is less  data shows that including clay content (profile average)
than that of precipitation (Table 2). Lower correlations ~ With pn,mpnduon e\plams §0% of the variation in recharge.

between mean annual recharge and summer precipitation Recharge varies aver 1 1o 2 orders of magnitude mh“”)’:
within each regjon, because of textural variability among

( = (0.66) relative Lo plcupmlmn during the other scasons | {
(r’ = 0.83-0.96 for spring, fall, and winter) were attributed soil profiles.

[22] Varations in simulated mean (30 year) annual runoff

to higher evaporation dunng summer (Figures 2 and 8).
generally reflect differences in climate and texture among

Potential ET is much greater than simulated actual E; the
PET/AE ratio decreased {rom 12.1 in the west (region 1) 10
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Figure 9. Mean annual water budgcet purameters for
Figure 8. Scasonal distribution of simulated recharge for 1‘1()n\fcgc1atcd monolithic sand simulations at (a) region 1
monolithic sand at each of the meteorvlogical station  and (b} region 13, P. precipitation; E, evaporation; R,

locations. rec ha: S, storage.
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Figure 10. Predicted recharge using the relationship
between precipitation and simulated recharge for vegetated,
texturally variable soils.

regions. Simulated runoff is positively correlated with mean
clay content (r* = 0.57) and negatively correlated with mean
sand content (> = —0.49). Sandy areas, particularly regions
1,2, 3, and 7, have low runoff and generally correspond to
areas of low or moderate precipitation. Most regions with
clay-rich soils have higher runoff and generally overlie fine-
grained geologic units. Simulated recharge rates in clay-rich
soils may not accurately reflect actual recharge rates if
preferential flow occurs in these settings because this
process is not included in the simulations.

3.3. Vegetated, Monolithic Sand Simulations

[23] To assess the impact of vegetation without the
influence of soil textural variability, simulations of recharge
were conducted in vegetated, monolithic sands (Table 2).
Vegetation markedly reduces simulated mean annual
recharge (2-369 mm/yr; 1-31% of MAP) by factors of 2
to 30 relative to recharge for nonvegetated simulations.
MAP explains 85% of the variance in simulated recharge
using the power law relationship (Table 3 and Figure 7).
Simulated runoff was 0 for nonvegetated and vegetated
simulations. Vegetation type also affects simulated recharge,
as seen in the 1 to 2 orders of magnitude range in simulated
recharge for different vegetation types within a study
region. In general, lower recharge rates in areas with trees
relative to grasses can be attributed to greater rooting depth
of trees (<4.3 m) relative to grasses (I m). Shrubs are
generally more effective than crops in reducing recharge
because of greater rooting depth and longer growing season.
Crops also differ in their recharge rates: c.g., factor of
4 lower recharge beneath cotton (maximum rooting depth
2.1 m) relative to sorghum (maximum rooting depth 1.5 m),
in region 4.

34.

[24] Texturally variable soils with vegetation are the most
realistic representation of actual conditions and should
provide the most reliable recharge estimates for the different
regions. Simulated mean (30 year) annual, areally averaged
recharge is lowest in the arid west (0.2 mm/yr) and highest
in the humid east (118 mm/yr), representing 0.1 to 10% of
MAP (Figure 7 and Table 2). Variability of MAP explains

Vegetated, Texturally Variable Soil Simulations
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80% of the variability in recharge among regions using the
power law relationship (r* = 0.81, Table 3). The correlation
between recharge and precipitation was used to map
recharge throughout the entire study area (Figure 10).

[25] Vegetation markedly reduced recharge relative to that
for nonvegetated, texturally variable soils. Reduction factors
were grealer in more arid regions in the west (7-78) relative
to more humid regions in the east (2-31) and reflect the
enhanced ability of vegetation to reduce recharge in more
water-limited regions (Table 2). Local variability in simu-
lated recharge within regions was generally within an order
of magnitude and reflects variability due to differences in
vegetation and soil texture.

[26] Simulated mean (30 year) annual runoff and runoff
estimates based on measured stream gauge data (1961
1990) used to develop a statewide water balance [Reed et al.,
1997] are generally consistent in many regions considering
that the 1-D modeling approach does not account for
subsurface lateral flow and routing (Table 4). Discrepancies
between the two estimates in other regions cannot readily be
explained, with the exception of regions 4 and 5 in the
Southern High Plains, where overestimation of runoff may
be attributed to predominantly internal dramnage to ephem-
eral lakes or playas and little runoff to gauged stream
networks. Runoff is one of the most difficult parameters
to simulate because it depends on accurate representation of
rainfall intensity and hydraulic conductivity of surficial
sediments that may be crusted, as shown by detailed
comparisons of simulated and measured runoff at a con-
trolled field experiment [Scanlon et al., 2002a].

[27] Relative controls of different vegetation types in
vegetated, texturally variable soil simulations are similar
to those for vegetated monolithic sands: lower recharge in
deep-rooted trees relative to shallow-rooted grasses, shrubs
relative to crops, and cotton relative to sorghum. For
example, in region 9, simulated recharge beneath trees is
0, whereas simulated recharge beneath grasses ranges from
1 to 156 mm/yr for different soils. Relative amounts of
evaporation and transpiration vary with vegetation type and
soil texture. Transpiration is much greater than evaporation
for trees, irrespective of texture. Evaporation is higher than
transpiration in finer textured soils than in coarser textured
soils, irrespective of vegetation type, which is atltributed to

Table 4. Companison of Simulated Runoff (RO, With Spatially
Averaged Runoff Estimates (RO,,) Determined From Reed er al.
1997 for Each Region®

Region RO RO, RO.., SD
1 0 4 S
2 14 0 4
3 4 0 1
4 85 6 I
5 186 3 8
6 179 15 4
7 27 3 7
8 180 118 37
9 99 55 4]
10 59 208 53
11 25 232 22
12 387 148 20
13 314 328 22

*Units are in mm/yr. SD, standard deviation.
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Table 5. Sensitivity of Recharge to Vanations in Leaf Arca Index
(LAIL), Root Depthy (RD), Bare Area (% BA), Initial Conditions
(1C), Potential Evapotranspiration (PET), and Profile Depth (PD)
for Four Soil Profiles in Region 6

Fteet
RBC R R F
LAl vanuble
S0% LAIT 0.7 [.3 1.8
S0% LAIL 32 2 22
30% LAT 15.6 27.6 1.5
50% LAIL 235 38.0 1.6
150% LAI 0.7 0.6 0.8
150% LAI 3.2 2.4 0.7
150% LAl 15.6 121 0.8
150% LAl 235 18.8 0.8
R constant
50% RD 0.7 37 51
50% RD 3.2 14.8 4.0
50% RD 5. 27.7 1.8
50% RD 235 432 1.8
150% RD 0.7 0.1 0.2
150% RD 32 0.7 0.2
130% RD 15.6 2 0.4
150% RD 235 11.5 0.5
Percent BA constant
259 BA 0.7 1.2 1.6
25% BA 3.2 6.1 1.9
25% BA 15.6 25.0 1.6
253% BA 235 351 .5
50% BA 0.7 5.9 8.1
50% BA 3.2 21.7 6.7
50% BA 15.6 47.3 3.
50% BA 235 593 2.5
PET vartable
5% PET 0.7 27.9 382
50% PET 3.2 474 14.6
50% PET 15.6 77.6 5.0
50% PET 3.5 88.4 38
150% PET 0.7 0.3 0.4
150% PET 32 0.3 0.1
130% PET 13.6 4.5 0.3
[50% PET 235 7.9 0.3
PD coastant
10 m D 0.7 0.9 1.2
10 m D 32 3.3 1o
10m IPD 15.6 13.5 0.9
10 m PD 23.5 220 0.9

"In order of fine—coarse grained soil profiles. Factor (F) refers to the ratio
of 30 year meun annual recharge (R), including the effect (e.g., LAL >t 50%)
to the base cose (BCR) recharge rate. Varfuble/constant indicales thal a
parameler changes or is held constant with time during the simulated
pernod. Units are in nundyr,

finer textured soils retaining more water ncar the soil
surface Jonger, allowing greater evaporation.

3.5,

[26] Sensitivity analyses were conducted for region 6
because it represents average climate and soil conditions
in the study area. Sensitivity of simulated recharge to
different vegetation parameters is variable (Table 5). In-
creasing percent bare area from 0 to 350% mereases recharge
up to a factor of §. Simulated recharge is inversely related 1o
root depth because decreasing root depth allows water o
drain more readily below the root zone. Decreasing root
depth increases recharge by factors of 2 1o 35, whereas
increasing root depth decreases recharge by fuctors of 0.2
to 0.5. Simulated recharge is more sensitive 1o decreasing

Sensitivity Analyvses

s
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LAl than increasing LAL Decreasing LAI by 50% almost
doubles recharge, while increasing LAI by 50% decreases
recharge by 20%. Models were insensitive to variations in
root-length density. Decreasing PET increases recharge by
factors ranging from 4 in coarse-grained soils to 38 1n fine-
grained soils and was balanced by a reduction in ET,
whereas increasing PET had the opposite effect.

[20] It1s important Lo assess sensitivity of model output to
variations in initial conditions, profile depth, and equilibra-
tion times 1o assess reliability of simulated recharge. The
model Is insensitive to variations in initial conditions.
Increasing profile depth from 5 to 10 m decreases recharge
in coarse-grained soils by a factor of 0.9 and increases
recharge by a factor of 1.2 n fine-grained soil, which may
be an artifact of drainage of initial water in the profile.
Madel cquilibration times are greater for more arid settings
and more clay-rich soils. Therefore final recharge estimates
in these settings may represent an upper bound on actual
recharge rates.

3.6. Comparison of Simulated Recharge Estimates
With These Based on Other Techniques

[30] Simulated recharge rates {rom this study were com-
pared with those based on earlier studies (Table 6). Previous
field and modeling investigations in the Chihuahuan Desert
m west Texas indicate that there is no recharge 1 inter-
drainage settings [Scanlon et al., 1999), which is generally
consistent with the low (0.2 mm/yr) simulated recharge in
this study (Table 2). Bulge-shaped chloride profiles and
upward matric potential gradients indicate that this system
has been drying out for the last 10,000 to 15,000 years since
the Pleistocene [Scanlon et al., 2003a].

[31] In the Southern High Plains, it is difficult to
compare simulated recharge rates from this study, which
represent diffuse recharge in interdrainage settings, with
previous recharge estimates from groundwater data becanse
most recharge in this region is focused beneath playas.
Therefore simulated recharge at regions in the Southern
High Plains (4 and 5) (0.4-0.8 mm/yr) is less than
recharge estimates based on the chloride mass balance
(CMB) approach applied to groundwater (11 mm/yr [Hood
and Sanford, 1993]), as expected. Field studies indicate
that there is no recharge in natural ecosystems in interplaya
settings, as shown by chloride bulges and upward matric
potential gradients [Wood and Sanford, 1995; Scanlon and

>

Table 6. Comparison of Simulated Recharge Estimates (R,,)
With Recharge Estimated Using Other Technigues (R )"

Region Ky MMYYT Rewr 1UDIYT Method Source”
1 0.2 Y] WP, Uz CMB Bl
4.5 0.4-0.8 11 OW CMB 2
3,4 0.8~ 1.5 4-28 Uz ¢mB 3
6 36 5-30 UZ CMB 3
8 101 5-20 VZ/GW CMB 4
11 351 43-71 GW CMB 5

“Estimation methods include: WP, water polential; UZ CMB, unsaturated
zone chloride miass balance approach; GW CMB, groundwaler chioride
mass balance approach.

"Sources are as follows: 1, Scanfon et ul, [1999Y: 2, Hoad and Sanford
[1995): 3, Scanton et al. 2003b]: 4, Dunon et al {2003); 5, R. C. Reedy
(Burcau of Economic Geology, University of Texas at Austin, unpublished
daty, 2002).
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Goldsmith, 1997, Dennchy et «af., 2005]. Recharge
estimates based on chloride profiles from nonirrigated
cultivated settings in the south part of the Southern High
Plains range from 4 to 28 mm/yr [Scanlon et al., 2003b].
Simulated recharge rates at regions 3 and 4 (1.5 and
0.8 mum/yr) fall within the range of values for natural and
cultivated regions and may underestimate actual recharge
because the effect of cultivation on hydraulic properties of
surficial scdiments was not included in the simulations.

[32] Simulated recharge in region 6 (5.6 mmvyr) is within
the lower range of field-based estimates, using the CMB
approach applied to the unsaturated zone (UZ) in natural and
nonirrigated cultivated regions (5-30 mm/yr) [Scanlon et al.,
2003b]. Higher values from the field studies may be attributed
1o restriction of field regions to a large sand dune setting,
whereas the spatialty averaged value from this modeling
study also includes finer grained soils found in other regions.

[33] Simulated recharge at region 8 (10.1 mm/yr) is within
the range of field-based recharge estimates based on the
chloride mass balance (CMB) approach applied to the
unsaturated zone and groundwater (5-20 mm/yr [Dutton
et al, 2003]). Recharge estimates based on the CMB
approach applied to groundwater for region 11 range from
43 1o 71 mm/yr and are slightly higher than that simulated
(35.1 mm/yr). The discrepancy may be attributed to bias
toward high-permeability units in field-based estimates.

[34] Although the number of comparisons betwcen
simulated and field-based recharge estimates is limited,
simulated recharge rates in this study are generally consistent
with those based on previous field studies, and discrepancies
can generally be explained by inclusion or exclusion of
different types of recharge (e.g., focused versus diffuse
recharge in the Southern High Plains) and concenirating
on different zones (e.g., bigh-permeability versus low-
permeability units).

3.7.

[35] This study represents a relatively simple approach o
estimating recharge using a 1-D unsaturated tlow model
and data found online and in the literature. Future simu-
Jations should consider using actual precipitation intensity
where data are available and develop input to simulate
recharge in irrigated regions. The most fundamental con-
ceptual aspect of unsaturated flow modeling that should be
addressed is simutation of vegetation dynamics. Current
simulations prescribe vegetation input that precludes vege-
tation response 1o variability in soil moisture and precipi-
tation. Two-way coupling between vegetation growth and
soil moisture variability related to climate should provide
more realistic simulations of recharge, particularly in semi-
arid—arid regions. In addition, representation of the contin-
uum of roots and various rooting depths associated with
vegelation communities is essential for reliable recharge
estimation,

Recommendations for Future Studies

3.8,

[30] Rehable recharge estimates are critical for evaluation
of and optimal management of waler resonrces. Long-iern
average recharge rates are beneficial 1o groundwater mian-
agers because management plans are developed generally
for decadal timescales. The relationship between precipita-
tion and recharge deveJoped in this study for vegetated,

Implications for Water Resources
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texturally variable soils was used to map spatial variability
of recharge for the groundwater model of the Cartizo-
Wilcox aquifer in Texas [Kelley et ul., 2004]. Scaling
factors were developed for the groundwater model that
varied these recharge rates with topography and subsurface
geology with high recharge in upland areas and above more
permeable geologic units, similar to the B value discussed
by Hatton [1998].

[37] Understanding of chimatic and vegetation controls on
eroundwater recharge shown by simulations in this study
can be used Lo assess potential impacts of climate variability
and land use/land cover change on groundwater availability
by using space as a proxy for time. The effect of vegetlation
types on simulated recharge can be used to provide prelim-
inary estimates of potential impacts of removing invasive
woody species in many arcas of Texas. The state is currently
investing millions of dollars in this program to increase
water availability [Hilcox, 2002].

4. Conclusions

[38] 1. Unsaturated zone modcling using online data is a
usetul approach for simulating diffuse recharge in porous
media systems from poinl to regional scales where input
data are available.

[30] 2. Climate, vegetation, and soils each exert controls
on groundwater recharge. (1) High simulated Jong-term
(30 year) mean annual recharge (51-709 mm/yr) in non-
vegetated sandy profiles represents 23 to 60% (arid-
humid) of MAP and provides an upper bound on actual
recharge. (2) Soil textural variability controls recharge, as
shown by the large reduction by factors of 2 to I in
simulated recharge for nonvegetated, texturally wvariable
soils relative to those in monolithic sands. (3) Presence
and type of vegetation control recharge, as shown by the
reduction in recharge in vegetated relative to that in non-
vegetated monolithic sand (factors of 2-30, humid—arid)
and vegetated relattve to that in nonvegetated, texturally
variable soil (factors of 2-80, humid—arid). Relative
reductions 1n recharge due to vegetation were greater in
semiarid—arid relative to mwore humid regions and reflect
the enhanced ability of vegetation to reduce recharge in
more water-limited regions.

[40] 3. The most realistic long-term (30 year) recharge
estimates based on vegetated, texturally variable soils range
from 0.2 to 118 mmyr, representing 0.1 to 10% (arid—
humid) of long-term MAP.

[41] 4. Approximately 80% of the variability in simulated
recharge can bhe explained by variability in MAP in vege-
tated, layered soil profiles using the power Jaw relationship.
MAP can be used as a predictor of meun annual recharge.

[42] 5. Simulated long-term, spatially averaged recharge
rates generally compare favorably with recharge estimaies
based on previous field studies.

[43] 6. Simulated long-term (30 year), spatially averaged
runoff 1s generally within the range of estimates based on
gauge data in stalewide water balance modeling for most
regions. Discrepancics in the Southern High Plains can be
explained by internal drainage to playas.

[44] 7. Unsaturated zone modceling provides a valuable
tool for 1solating controls on groundwater recharge. Under-
standing these controls can be used to assess potential
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impacts of climate variability and land use/land cover
change on groundwater recharge.
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Project Number: None Given
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ANALYTICAL REPORT FOR SAMPLES

Sample 1D

Laberatory 1D Matrix Date Sampled

Date Received _l

Monitor Well #1

6A25021-01 Waler G1/23/06 0945

01/25/06 13:25

a)

12600 West 1220 East - Oduessa, Texas 79703 - (432) 563-1800 - Fax (432) 563-171 7
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Rice Operaling Co Project: BD Zuchary Hinton Fax: (505) 397-1471
122 W Taylor Project Number: None Given Reporied:
Ilobbs NM, 88240 Project Manager: Knistin Farris-Pope 02/01/06 11:42

Organics by GC

Environmental Lab of Texas

Reporting

Aunalyte Result Limi Units Dibestion Jatch Prepaced Analyzed Method Notes

Monitor Well #1 (6A25021-01) Water

Benzene ND 000100  mgL 1 EAG26IS  01/26/06 01/27/06 £PA 80218
Toluene ND 0.00100 v . " . .

Ethylbenzene ND 0.00100 " . . " "

Xylene (p/m) ND Q00100 " . - .

Aylene (0) ND 0.00100 ) . . . .

Surrogate: a.a.a-Triflucroioluene 93.2% 80-120 " " u "
Surrogate: 4-Bromofluorobenzene §9.2% §0-120 " " " "
Environmental Lab of Texas The resulis in this report apply 1o the samples analyzed i accordance with the samples

recenved i the lahoratory. This analviical report st be reproduced in its cotirety,

with writien approval of Eavironmenia! Lab of Texas .
’ Page 20110
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Rice Operating Co
122 W Tavlor

Hobhbs NM, §8240

Project; BD Zachury Hinton
Praject Number: None Given

Project Manager: Kristin Farms-Pope

Fux: (505) 397-1471

Reparted:
02/01/06 §1:42

Genceral Chemistry Parameters by EPA / Standard Methods

Environmental Lab of Texas

Reporting

Analyte Result Limil Units Dilution Batch Prepared Analyzed Method Notes
Monitor Well #1 (6AZ3025-01) Waler

Total Alkalinity 172 200 mg/L ! EAG2400  01/26/06 (1/26/06 EPA 310.1M

Chioride 306 H0.0 - 20 EAG3004  01/30/06 01/30/06 EPA 300.0

Total Dissolved Solids 1170 5.00 ” | EA63003 01/26/06 Q127706 EPA 1601

Sulfate 184 10,0 " 20 EAGI004  01/30/06 01730006 EEPA 300.0

Environmental Lab of "{exas

12600 West 1220 East - Qdessa. Texas 79705 - (432) 363-1800 - Fax (432) 363-171

The resulis i thns report apply o the samples analyzed n aceardance with the samples

received in the laboratory. This analviieal repori anst be reproduced i its enieety,

with written approval of Envicopmenial Labof Tesas,

(5%}
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Fax: (305) 397-147]

Rice Operating Co Project: BD Zachary Hinton
122 W Tavior Project Number: None Given Reporied:
Hobhs NM, 88240 Project Manager: Kristin Farns-Pope 02/01/06 11:42

Total Mctals by EPA / Standard Methods

Environmental Lab of Texas

Reporting

Analvie Result Limii Units Difution Baich Prepared Analyzed Method Notes
Muonitor Well #1 (0A25021-01) Water
Calcinm 93.8 0100wl 16 EAGIOIS 01726/06 01/20/06 EPA 61108

Magnesium 44.4 0.0100 " “ " M
Patassicm 8.85 0.500 " " " o
Sodium 208 0.500 ) 50 " " "

Environmental Lab of Texas The results pntins report apply 1o the sampies analyzed o aecordance with the samples

receved in the laboraory. Thiy analvireal report must be reproduced in s entirery,

with writicn approval of Environmental Lab of Texas. -
7 ! Page 4 of 10
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Fax: (505) 397-1471

Rice Operating, Co. Project: BB Zachary Hinton
122 W Tavlor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager:  Rristin Farris-Pope 02700146 11:42

Organics by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Sowrce YeREC RPD
Aualvie Result Limit Units Level Result YoREC Limits RPD Linit Notes
Batch EAG2618 - EPA S030C (GC)
Blank (EAG2618-BLKI) Prepared: 01/26/06 Analyved: 01/27/00
T W T T T )
Toluene ND 0.00100 "
Ethvibenzene ND 0.00100 “
Xylene (p/m) ND 0.00100
Avlene (0) ND 0.00100 .
:;l»'/'u_;'u/u: a.a,a~Trifluoraioluene EL A wg'l 0.0 96.2 K0-120 -
Surrogate: H-Bromofluorobenzene 424 " 0.0 16 NO-120
LCS (EAG2618-BST) Prepared: 01726/06 Analvzed: 01/27/06
‘[,S_t.lny‘cnc 0.0566 0.00100 g/l 0.0500 I3 80-120
Toluene 0.0557 0.00100 " 0.0500 11 80-120
Ethylbenzene 0.0547 0.60100 " 0.0500 109 §0-120
Xylene (p/m) 0.1G2 0.00160 " .100 102 80-120
Xylene (o) 0.0538 0.001060 " 0.0500 t0§ 80-120
E;;‘mguu‘: u.u,u~'/'/'[{/1:0/'(7/};[11«1/1z' 41.2 ugd 0o 103 80-120
Surrogaie: 4-Bromafluorobenzene 328 " 0.0 N2.0 80-120
Caitbration Check (EAG2618-CCVIE) Prepared: 01/26/06 Anaivzed: 01/28/06
Benzene - 513 g/l T 500 03 §0-120
Toluene 325 " 50.0 105 80-120
Ethylbenzene 54.5 " 50.0 109 §0-120
Xylene (pim} 1014 " 100 101 §0-120
Nylene (0) 55,0 " 50,0 11 §0-120
Sirragate: a1 rifluroohie o 543 " 400 538 §0-120
Surrogare: S-Bromofluorohenzo ne 3935 " H1a IN.8 8O-120
Matrix Spike (EAG2618-MST) Source: 6A24010-01 Prepared: 01/26/06 Analyzed: 01/27/06
Benenc - 00559 GouI00 mell, 0.0500 ND 12 §0-120
Toluene 0.0548 0.00100 " 0.0500 ND 110 80-120
Ethvlbenzene 00518 $.06100 " 0.0500 ND 103 80-120
Nvlene (pimy) (1.0835 0.00100 " 0.100 ND 835 80-120
Nviene (o) 00512 0.00100 " 0.0500 ND 102 50-120
Surrogoie: a.aa-Triflorowinene ESr g ! J0.0 3N SU-120
Surrogate 4-Bromafluorohenzene 343 " 400.10) 858 NO-120
Environmental Lab of Texas The results i this report apply e the samples anclyzed m accordance s the sampics

recerved i the laboraiory. Thus analviedl report nst be reproduced v i entirery,

witltseritten approval of Environnenial Lah of Texas. z
: ! Page 5 of 10
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12600 West 1-20 East - Odessa, Texas 79705 - (452) 563-1800 - Fax (432 363-171




Rice Operating Co.
122 W Taylor

Hobbs NM, §8240

Project

131> Zuchary Hinton

Project Number: None Given

Project Manager: Kristn Famis-Pope

Fux: (305) 397-1471

Reported:

G2/01/06 11-42

Organics by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Source YeRIEC RPDY

Anajvie Result Limit Units Level Result BaREC Limits RPD Lunit Notes
Batch EAG2618 - EPA S030C {GC)
Matriy Spike Dup (EAG2618-MSD1) Source: 6A24010-0] Prepared: O1726/06 Analyzed. 01/28/06
Pewaene TS 000100 gl ¢.0500 ND 96.4 S0-120 15.0 20
Taluene (.0484 000160 " (4.0500 ND 90.8 80-120 12.8 20
Ethvibenzene (0456 0.00100 0 0500 ND 9].2 80-120 12.2 20
Nvlene (ph) G.0841 ¢.00100 " 0.100 NI 841 80-120 0.716 20
Nvlene (o) G.0448 0.00100 “ 0.0500 ND 89.6 80120 12.9 20)
glz‘l")‘tju/i'. aao-Triflmorotsduene. 330 ug ! 0.0 823 S0-120

324 " 0.0 810 S0-120

Surragate: 4-Bromofluorobenzene

Environmental Lab of Texas

The results i this report apply ae the sanples analvzed in accordunce witl the samples

recerved i ihe laboratory. Tins analvtical report st be reproduced in s ensrety,

with writien approval of Ewvironmenial Lab of Texas.

12600 West §-20 East - Qdessa, Texas 79705 - (432) 363-1800 - Fax (432 363-1713

Page 6 of 10



Fuax. (3035)397-147]

Rice Operating Co Project: BD Zachary Hinion
122 W Taylor Project Number: None Given Repuorted:
Hobbs NM. 88240 Project Manager: Kristin Farris-Pope 02/01/06 11:42

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source SuREC RPD
Analyte Result Limit Units Level Result YaREC Limuts RPD Linit Notes

Batch EA62406 - General Preparation (WetChem)

Bhank (EA62406-BLKI)

Prepared & Analyzed 01/26/06

Total .f\rll\:l]iliul_\' ND 200 my/l

LCS (EA62406-BST) Prepared & Analyzed: 01/26/06

220 /L 200 110 85115
Duplicate (EAGZ406-DUPT) Source: 6AT9005-01 Prepared & Analvzed: 01/26/06
T(').l:l[”;\_l—killillil)' 258 2.00 mg/l 256 0.778 20
Reference (EAG2406-SRM 1) Prepared & Analyzed: 01/26/06
Total Alkalinity B 070 me/l. Ho 97.0 90-110

Bateh EAGINN3 - General Preparation (WetChem)

Biank (EAG3003-BLKT) Prepared: 01/26/06 Analyzed: 01/27/06

Total Dissobved Solids ND 5.00 mg/l

Duplicate (EA63003-DUPT) Source: 6A25018-01 Prepared: 01/26/06 Analvzed: 01/27/06

Total Dissolved Solids 2020 5.00 my/L 2080 293 5

Batch EAG3004 - Genceral Preparation (WetChem)

Blank (EAGI004-BLKI) Prepared & Analyzed: 01/30/06
Sutfate ND 0.500 mg/l
Chloride ND (.500 "
LCS (EAGIB04-BST Prepared & Analyzed: 01/30/06
Suifate 9.61 0.500 g/l 10.0 96.1 S0-120 )
Chloride 8.40 0.500 " 10.0 84.0 80-i120
Environmental Lab of Texas The residts mi dins report apph ao the sampies amalyzed w accordance s the sangies

recenved by he daboratory. This analviical report must be reproduced in s entirery,

with writien approval of Laviconmenal Lab of 1 exay. -
! ’ Page 7 0f 10
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12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (4325 563-171




Rice Operating Co.
122 W Tavior

Fobhs NM, §8240

Project:
Project Number

Project Manager:

BD Zachary Hinton
None Given

Kristin Farris-Pope

Fux: (305) 397-1471

Reported:

02/01/06 11:42

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source SeREC RPD
Analvie Resuht Limit Uniis Level Result YoREC Limits RPPD Limit Noltes
Batch EAG3004 - General Preparation (WetChem)
Calibration Check (EAGI0D4-CCVT) ) Prepared & Analyzed 01/30/06
Subee o .52 g/l 100 982 §0-120
Chionde §.04 " (0.0 80.4 80-120
Duplicate (EAG3004-DUPT) Source; 6A25018-01 Prepared & Analyzed: 01/30/06
sulfae 84.4 250 mgll £8.2 4.40 20
Chloride 8§79 250 8806 0.793 20

Eovironmental Lab of Texas

The results in this report apply 1o the samples analyzed o1 accordunce wids the samples

recerved wihe daboratory. This anaivical report must be reproduced 1 us ennreiy,

witlowriien approval of Eyvironmental Lab of Texas,

12000 West [-20 East - Odessa, Texas 79705 - (4327 363-1800 - Fax {432) 563-1713
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Rice Operating Co Project. BD Zachary Flinton
122 W Tavlor Project Number: None Given
Hobbs NM. 88240 Project Manager: Kristin Famis-Pope

Fax: (505) 397-1471

Reported:

02/01/06 11:42

Total Metals by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting, Spike Source YaREC RPD
Analyle Result Linitt Units Level Result LoREC Litiits RPD Lot Noles
Batch EAG2613 - 6010B/Ne Digestion
Blank (CAG2GIS-BLKI) Prepared & Analyzed: 01/26/06
Calcium o ND 0.0100. mgll
NMagnesim ND 0.00100 "
Potassium ND 0.0500 "
Sodium ND 0.0100 "
Calibration Check (EA62615-CCV1Y Prepared & Analyzed: 01726/06
Calcium 212 me/l 2.00 106 85-115 T
Magnesium .99 ! 2.00 995 85113
Potassium 1.88 “ 2.0 a4.0 8§3-115
Sodiwm 1.94 " 2.00 97.0 85-115
Duplicate (EAG26IS-DUPT) Source: 6AT19003-01 Prepared & Analyzed: 01/26/06
Calcium 224 £.500 my/l. (1897 20
Magnesinmn 115 0.0500 " 120 4.26 20
Potassium 14.6 0.500 " 152 4.03 20
Sodinm 306 0.500 " 313 226 20
Environmental Lab of Texas The residis nntins report apply 1o the samples analyzed in aceordance with the samples

recerved we the loboraiory. Tihis analviical repost must be reproduced nn s enirery,

witiowritien approval of Eovironmenial Lab of 1 exas

12600 West 1-20 East - Odessa. Texas 79705 - (432) 563-1800 - Fax (432) 363-1713

Page Yol 10




Rice Operating Co. Project; BD Zachary Tinion Fax: (303) 397-1471
{22 W. Tavior

Hobbs NM. 88240

Keported:

Project Number: None Given
02/01/06 11:42

Project Manager: Kristin Farris-Pope

Notes and Definitions

DET Analyte DETECTED

NI Analtyte NOT DETECTED at or above the reporting hinit
NR Not Reported

dry Sample resulis reported on a drv weight basis

RPD Relative Percent Difference

LCS Labaratory Contiol Spike

MS Nnrix Spike

Dup Duplicate

[ ; ¥
L (o p A d ;’a\ J (v[&’i*"‘\t’
Report Approved By: AGE o Co j Date: 2/1/2006

Jeanne Mc Murrey, Inorg. Tech Director
LaTasha Cornish, Chemist
Sandra Sanchez, Lab Tech.

Raland K. Tuttle, Lab Manager
Celey D Keene, Lab Director, Org. Tech Director

Pegey Allen, QA Offcer

This material is intended only for the use of the individual (s) or entily 1o whom 11 1s addressed, and may contain

information thatis privileged and confidential

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

Envirommental Lab of Texas The resahis mrtins report apply o the samples analyzed i aecordanee with the sampics
recerved mn the laboratory Tiny analvical report must be reproduced in s entirety,

wity writien apyrosed of Faviconmcttial Lab of Teves -
i : ’ Page 10 of 10
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12600 West J-20 East - Odessa. Texas 79705 - {432) 563-1800 - Fax (4323 563-171



v (L

. ﬁlrw N e Te M o SRR e ....\/\J\)\. \/#\.\l\ »(Pml x\%\wu//\l\;
swil @ B . 1O faEanesty]  ewl ajeq
v,/
L nln\ 4 o b \N\/
mEEoo.a vm.._onmu e} §eQ 14q penizray ewil | eQ
: E_momm vodn m_EEmuEmF
ﬁuﬂmgﬁé siesg Apolsns
v TIeU[ElU0D 1 sleqe ) WOS DMSSIUIESHURUL 13 WO jalIoiEA@pMsSaandy 101 SLINSTY iBW I8y
£10RW sIBUEILOD BidweS ' ‘stonony sy (erosds
X X X X X X b 4 Xi¢g gv'8 8002/€T/ & 113AA JOULON S
J -
wix dTZl@Z|elel s =loelzlald : - = ) M
gl= 2| 518 eIzl El3igiele|siQ|ElEigi&5|3|8iz = ) 3003 ¢
- @ S e Ml 1235 < ol Bl Bl pad b
ils g1 SIZ|T 1218/ 2p |51 213 5 o ¢ g
23 & 170 iSigl8lz sl Slg 2 g 2 3
Zlg 5 2 pIZ|R|E18E= 2|8 2 g % i
P 2 3 ol lalzla x ] @ a a
& E = gletr= g i @
o X e Pl m m
..H-.m' T AM o 1z
: 185
g £ g J
L X(h2iy aneAlssald
¥ [ Jwicl
BEREE: LUOT 12WOEAQISULIRZO] qrew3
104 §2fsuy
, f —0LEG-1£9 (GOG) UGSUYO[ BULIBZOY :aimeubls sedwes
———
LY 1-26€ (G0G) oN¥ed ¥/16-£6€ (GOG) ron suaudap]
#Od 0FZ00 0OXM3A MBN S5QqoH dizmmsHD
Aunony eaT 1007 joalord 198G 10JAB | "AA ZZ L is9eippy fuedwon
#10sfoly fuedwod Bunelad) 3D swen AuedwoD
UoUIM Aeyae7 (g euwep) 1asloid U102 19 ULICIBATD) pMSad11dY adod slied URSY sbeuen 1oeloid
€LLL~E9S-ZEY Rey 60264 SEXBL ‘ESS8PO
153003 SISATYNY GNY QYOOI AGDLS1D 0 NIVHD 008L-£95-ZEY BUOLd 1383 (2-} ISSM 009Z L

EEXS] IO GE™ IBIUSIUUCIIALLT

s

E



Environmental Lab of Texas
Variance | Corrective Action Report — Sample Log-in

Vit Sy
Client L/,((i&_/ L1

; _—

. \ {1 o~ A ('
Dzis/Time: | ‘/z/f,:,/(,,u(y P4 LA
Ordar & L("’A’?/j -

Initizls: U{f’_\
Sample Receipt Checklis
Tzmperziure ¢of conlsiner/cnaler? | v=e |
Shiccing cantainsricacler in cocd condition? =
Cusiody Sezis iniacion s SMIpGIRG conlzinedoanier? | =5 |
Cusicdy Sezls inteci on sample boitles? ! (\(;gg |
Chnzin ¢f vJs\od, prasznt? =
Szmpig Instuct L o Chzin of u;:;rﬂ\g_ | s |
Crain ¢i Cusic wiren r2iinguisihed and racsiyes? | ¥=s |
Chein ¢f cusige: ag =5 with cample label(s) | s |
Contziner lzcels leniolz and intacl? =N
Szmole Matrix end procerties same as an chain of cusindy? | ses |
Semelas in procer contginertoiis? | |
Szmeigs crocerdy praserved? | = |
Samgle botiles intact? | ¥e= |
Fresenvaiions decumenied on Crain of Cusiody? | fes |
Containars dccumenied on Chain of Cusicdy? | 7;:;, |
Sufficient samgle ameunt for ingicalsd tesl? | f=x |
| All sempies recsived within sufiicient hald ime? REER
| VOO szamreles heve zero hezdscace? e
Other opgervaiions

Carraciive Action Taken
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NVIROM
, LAB OF

P200U0 N est 1220 East - Odessa, Teaus 79768

Analyﬁcal Report

- Prepared for:

Kristin Farris-Pope
Rice Operating Co,
122 W. Taylor
Hobbs, NM 88240

Project: BD Zachary Hinton
Project Number: None Given

Location: Lea County

Lab Order Number: 6D27011

Report Date: 05/04/06



Rice Operating Co. Project: BD Zachary Hinton Fax. (303) 397-1471

122 W. Taylor Project Number, None Given Reported:
Hobbs NM, 88240 Project Manager: Krtsun Farris-Pope 03/04/06 14:09
ANALYTICAL REPORT FOR SAMPLES
Sample 1D faboratery ID Matrix Date Sampled Date Received ‘]
6Dh27011-01 Waler 04/24/06 09:30 04/27/06 10:30

Monitor Well #1

Page 1ol 10

12600 West 1220 East - Odessa. Texas 79705 - (432) 563-1800 - Fax (432) 563-1713



Rice Operating Co
122 W, Tavlor
Hobhs NM, 88240

Project; BD Zachary Hinton

FFux: (505)397-147)

Project Number: None Given Reposted:
Project Manager: Kristin Farris-Pope 05/04/06 14:09

Organics by GC

Environmental Lab of Texas

Reporting

Analyle Result Limit Uts Difution Batch Preparcd Analyzed Method Nolcs
Monitor Well #1 (6D27011-01) Water
Benzene ND 0.00100 mg/L 1 EDO2807 . (4728/00 (G4/30/06 EPA 80218
Toluene ND cootoo " " - -
Ethylbenzene ND 0.00100 " "
Xylene (p/m) ND 0.00100 " . . . .
Xylene (o) ND 0.00100 " . " " "
Surrogate: Vcrz,cl.cl"/'1‘4/]110/‘010/1/0;10 102 % 80-120 " " " "

103 % §0-120 " " " "

Surrogare: 4-Bromofluorobenzene

Environmental Lab of Texas

The results in tiaes report apply to the sumples anafvzed o accordance with gie samples

recenved i the lahoraiory, This unalviscal report st he veproduced i its entrety,

Sithowrition (1;7/7177\'(:1' of Eovironmeniul Lob of Texos

12600 West 1220 East - Odessa, Texas 79705 - (432) 363-1800 - Fax (432) 363-1713

Page 2 0l 10




Rice Operating Co
122 W Taylor

Flobbs NM. §8240

Project Number

Project; BD Zachary Hinton

None Grven

Project Manager;  Kristin Farris-Pope

Fax: (305) 397-1471

Reported:

(43/04/06 14:AM

General Chemistry Parameters by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Analyle Result Limit Units Dilation Baich Prepared Analvzed Metiod Noies
Monitor Well #1 (6D27011-01) Water
Total Alkadinity 184 2.00 mg/l I EE60301 05/03/06 05103706 EPA310.1M
Chloride 326 5.00 10 EEGULIG  05/01/06 05/01/06 EPA 300.0
Total Dissolved Solids 1190 5.00 1 EE60115 04/27/06 04:28/06 EPA 1601
Sulfate 167 5.00 10 EEGOLI6  05/01/06 05/01/06 EPA 300.0

Environmental Lab of Texas

12600 West 1-20 Tast - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 3631717

The results anthis repurt apply s tie samples analvzed m accordance with the samples

recerved b the laboratary. This analvical repost must be reproduced in ity entiver,

with writien approval of Environmenial Lab of T exas.

FEY

Page 3 0f 10




Rice Operating Co
122 W Tavlor

Hobbs NM, 88240

Project: BD Zachary Hinton
Project Number: None Given

Project Manager: Kristin Farnis-Pope

Fax: (305) 397-1471

Reported:

03/04/06 14:09

Total Metals by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Analyie Rusuht Limat Units Didation Baich Prepated Analyzed Mcthod Notes
Monitor Well #1 (6DZ7011-01) Water
Calcium §5.0 0.100 mglL 10 EDG2719 04/27/06 04/27/06 EPA b0 10k
Magnesinm 43.4 0.0100 N " “ N M
Potassium 9,70 0.500 M B }
Sedium 238 0.500 50 " ’

Environmental Lab of Texas

The results in tins report apply o the saaples analyzed 1w accordance with the samples

recerved i the loboraiory. This analyiical report must be reproduced in 1 entirety,

with seritten approval of Exvivonmental Lab of 7 exas

12600 West [-20 East - Odessa, Texas 79705 - (432) 363-1800 - Fax (432) 363-]

7

/

|

(9%}

Page 4 of 10




Rice Operating, Co.
122 W Taylor

Ilobhs NM, §8240

Project: BD Zachary Hinton

Project Number:  None Given

Project Manager: Kristin Farns-Pope

FFax: (505)397-1471

Repuorted:

03/04/06 14:09

Organics by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Souwrce SoREC RPD
Analyte Result Limit Units Level Result YR EC Limits RPD Lt Notes
Batch EDG2807 - EPA 3030C (GC)
Blank (EDG628O7-BLKI) Prepared. 04/728/06 Analyzed: 04/30/06
Renzene T ND noutoo mg/,l,‘,_,,,v, T
Toluene ND 0.00100
Lithvlbenzene NBD 000100
Nylene (p/m) ND 0.00100
Nvlene (o) ND 0.00100
Swrrogate: u,u,u-'I‘/'I_/]uu/'ulﬂ/ﬁl}:ﬂ:‘ ) 427 T ugrd .01 107 S0-120
Surragate: +-Hromafluorobeazene 422 N 0.0 106 80-120
LCS (EDG2807-BST) Prepared: 04/28/06 Analvzed: 04/30/06
Benzenc 0.0599 000100  mg/l 0.0500 o 120 80-120 o
Tolucne 00580 0.00100 0.0500 116 §0-120
Ethvibenzene 0.0551 LOUIs0 " 0.0500 110 §0-120
Xvlene (p/m) 0.120 G.00100 " 0.100 120 80-120
Nylene (o) 0.0596 0.00100 " 0.0500 119 §0-120
Surragate: a.a,a-Trifluorooluene 43.0 gt 40.0 108 R-120
Surrogaie: 4-Bromaofluorobenzene 42.2 " 4000 106 NO-120
(,‘.nlil)rn.(inu Check (EDG62807-CCVY Prepared: 04/28/06 Analvzed: 05/01/06
Yenzene 55.0 w500 110 §0-120
Toluene 53.0 A 50.0 106 80-120
Ethvihenzene 559 " 50.0 112 §0-120
Xvlene (p/m) 110 {00 110 50-120
Xvlene (0) 55.9 " 50.0 112 80-120
Surrogaie. a.q, {/»'Ir(/hml‘nlnlu;;; 3940 " 0.0 Yo 80-120
Surrogate: 4-Bromofluorohenzene 391 v S04 9m.8 S0-120
Matrix Sbikc (ED62807-MST) Source: 6D27008-01 Prepared: 04/28/06 Analyzed: 05/01/06
Benzene 00576 COUTon  mell 00500 ND 15 80-120
Toluene 0.0568 0.00100 0.0500 ND 114 80-120
Ethyibenzene 0.0587 0.00100 " 0.0500 ND 17 80-120
Xvlene (p/im) 0.120 0.08100 0.100 ND 120 80-120
Nylene (o} 0.0600 0.00100 " 0.0500 ND 120 80-120
Swrrogaie: a.oa-Trifluorotoluene T 417 B T ngdt o0 md S0 T
Nurrogaie: S-Bromofluorobenzene 4735 " o 119 N-120

Eovironmental Lab of Texas

The resudi m this report apply 1o the samples analbvzed 1 accordance with the sanples

recenved i the laboratory. This analyieal report must be veproduced in ity enurety,

withvswriien approval of Eovironmenial Lab of Texas

12600 West 1-20 East - Odessa. Texas 79703 - {(432) 563-1800 - Fax (432) 363-1713

Page 5 of 10




Rice Operating Co
122 W Tavior

Iobhs NM, §8240) -

Project: BD Zachary Hinton
PProject Number: None Given

Project Manager: Kristin Farris-Pope

Fax: (505) 397-1471

Reported;

05/04/06 14:09

Organics by GC - Quality Control

Envirenmental Lab of Texas

Reporting Spike Source YREC RPD

Analyle Result Lamt Linns Level Resub SREC Limits RPD Limn Notes
Batch ED62807 - EPA 5030C (GC)
Matrix Spike Dup (ED6ZEO7-MSDT) Source: 6D270G08-01 Prepared: 04/28/06 Analvzed: 05/01/06
Bensene T T sy 000160 mgL 00500 ND T $0-120 342 20 o
Toluene 0.0579 0.001006 v 0.0500 ND 116 80-120 1.74 20
Ethylbenzene 0.0585 0.00100 " 0.0500 ND 117 80-120 0.00 20
Xylene (p/m) 0120 0.00100 " 0.100 ND 120 80-120 0.00 20
Nylene (0] 0.0598 0.00100 " 0.0500 ND 120 80-120 0.00 20
Surrogaic: A'J,Ll,ﬁl Triflucrotmlicne ) 433 ug ! AL 109 St 120 -

oA " 10.0 16 SO-120

Surrogate: 4-Bromofluorobenzene

Envirommental Lab of Texas

The resulis in thns report appiv o the sampies analvzed i aceordance with the samples

recerved e the dahoraiony. This analviical report must be reproduced in iy entirety.,

wititwritien approval of Evvironmensal Lab of Texas

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (4327 363-1713

Page 6 0f 10




Rice Operating Co
122 W, Taylor

Hobhs NM, §8240

Project Number

project. BD Zachury Hinton

None Given

Project Manager: Kristin Farris-Pope

Fax. (505)397-1471

Reported:

03/04/06 14:09

General Chemistry Paramelers by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Sahice YaREC RPD
Anulyie Result Limit Units Level Result YoREC Limits RPPD Limit Notes
Batch EE60115 - General Preparation (WetChem)
Blank (EE Prepured: 04/27/06 Analyzed 04/28/06
TE.TDT;II\ [ ND 5.00 mg/L )
Duplicate (EE60115-DUPT) Souree: 6D27015-01 Prepared: 04/27/06 Anabveed: 04/28/06
Total Dissolved Sohds B 5020 5.00 m/L 3040 (.660 5
Batch EEGO116 - General Preparation (WetChem)
Blank (EEGOT16-BLKT) Prepored & Analvzed: 05/01/06
E,‘?l;)r’idc ND 0.500 g/l B
Sulfate ND (0.500
LCS(EEGT16-BST) Prepared & Analyzed: 05/01/06
Sulfute ) o 947 0500 mgl 10.0 94.7 80-120
Chioride 9.71 0.500 " 10.0 97.1 80-120
Caliiration Check (EEGOT 16-CCVE) Prepared & Analyzed: 03/01/06
Chioride 9.86 mafl 10.0 98.6 80-120 B
Sulfate 8.1 " 16.0 811 80-120
Duplicate (EEGOT16-DUPT) Sonrce: 6D27008-01 Prepared & Analyzed: 05/01/06
Sulfate - 80.0 250 mg/L 79.2 1.0 20
Chioride 49.3 2.50 " 49.0 0.610 20
Batch EE60301 - General Preparation (WetChem)
Blank (EEGO301-BLKT) Prepared & Analyzed: 05/03/06
Total Alkalinity ND 2.00 my/L o

Environmental Lab of Texas

The rendts ontins report apply 1o the samples analyzed i accordunce with the samples

recerved wn the labaratory This analvical report must be veproduced in s ennrety,

witwritien approval of Emnvicopmental Lab of Texas.

12600 West J-20 East - Odessa, Texas 79703 - (432) 563-1800 - Fax (432) 363-1713

Page 7o0f 10




Rice Operating Co. Project; BD Zachary Hinton Fax: (505)397-1471
122 W. Taylor Project Number: None Given Reported:
iHobbs NM., 88240 Project Manager: Kristin Farris-Pope 05/04/06 14:09

General Chemistry Parameters by EPA / Standard Mcthods - Quality Control

Environmental Lab of Texas

Reporting Spike Source YoREC RPD
Analyte Result it Units Level Result YaREC Limits RPD Lamit Notes
Batch El60301 - General Preparation (WetChem)
LCS (EE60301-BST) Prepared & Analyzed. 05/03/06
Bicarbonaie Alkohnity 244 my/L 200 107 ;{.Zﬁ-lwlg ST
Duplicate (EE6030I-DUPT) Source: 6D26006-01 Prepared & Analyzed: 05/03/06
Total A)kﬂhﬁit}' 290 2.00 my/L, 280 351 Y
Reference (EEO0301-SRMI) ' Prepared & Analyzed: 03/03/06
Towd Alkafinity 96.0 my/L 100 06.0 90-110
Environmental Lab of Texas The results wrtins report apply 1o the samples analyzed in accordance with the sapples

recerved b the laboratary. This analvtical report must be reproduced i iy entirery,

with writien approval of Environmeral Lab of Texas

Page § ol 10
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Rice Operating Co.
122 W. Taylor
Hobbhs NM, §8240

Project Number

Project: BD Zachary Hinton

None Given

P'roject Manager: Kastin Farris-Pope

fax: (503)397-1471

Reported:

(05/04/06 14:09

Total Metals by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source SoREC RPD
Analvie Result Linit Unins Level Result SaREC Linmiits RPD Lismit Notes
Batch ED62719 - 6010B/No Digestion
Blank (£DG2719-BLKI1) Prepared & Analyzed: 04/27/06
Calciu e AAND o 0.0100 mg/lj S B
Magnesium ND 0,00§00
Polassium ND 0.0500
Sodinm ND 0.0100
Calibration Check (EDG62719-CCV L) Prepared & Analvzed: 04/27/06
Calcium B B 2.08 g/l ) o 85-115
Magnesium 2.16 ! 85-115
Potassium 1.94 " 85-113
Sodium 1.96 " 85-115
Duplicate (EDG2719-DUPT) Source: 6D26006-01 Prepared & Analvzed: 04/27/06
Calcium T 0.0306 0.0100  mell 0.0367 0273 20
Magnesium ND 0.00100 ND 20
Potassium £.275 0.0500 " ’ (.275 0.00 20
Sodium 13.0 0.100 121 717 20

Environmental Lab of Texas

The results untlns report apply i the sanples analyzed i accordance with the samples

received i the laboratory. This analvucal report musi be reproduced in 1y entirety,

withowritten approval of Evvirommenial Lab of Texas.

12600 West 1-20 East - Odessa, Texas 797035 - (432 563-1800 - Fax (432) 363-1713
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Rice Operating Co. Project: BBD Zachary Hinton

122 W Taylor Project Number: None Given
Hobbs NM, 88240 Projeet Manager:  Kristin Farris-Pope

Fax: (505) 397-1471

Repuorted:

U3/04/06 1409

Notes and Definitions

DET Anatvic DETECTED

ND Analyle NOT DETECTED al or above the seporting limit
NR Not Reporied

dry Sample resubts ieported on a dry weight basis

RIPD Relative Percent Diflerence

LCS Laboratory Control Spike

MS Matrix Spike

Dup Puphcate

j{%CLQ an CJ_ K\j: *’g":}’a' >

Report Approved By: Date: 5/4/2006

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

This material 1s 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 you have recetved this material in error, please noGiv us immediately at 432-363-1800.

LEoviconmental Lab of Texas The resulis i thus reporr apply 1o the samples analvzed i accordance with the samples

recerved i the laboratory, This analvical report muse be reproduced inits enirery,

sesthowristen approval of Environnonsd Lab of Texuas,

12600 West 1-20 East - Odessa, Texas 797035 - (432) 363-1800 - Fax (4325 363-171
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Environmentz! Lab of Texas
Variance | Corrective fction Report— Sample Log-In

Sample Receipt Checklist

cersiure of containar/cooler? Yes | Mo | 7 o
cine comairerconter in gecd condition? : Yes | Mo | :
:.od' Tagls inlzct on shipping container/coater? (;efs | Mo | i
Tov Sasls intact on sample tottles? | ms | Mo | |
in of cusicty present? [ Cos | MNo I |
Gle Inciruciions compleiz an Chain of Cuziody” | \@ | Mo :
in oi Cusiccy signed when fc'lf!ClJl“th am* reczveg? = | Mo i
n o cusiccy soress with sample labells jgg) I Mo |
tsiner lacels feaicle and iniacty ¥es, | Mo |
cle Mainx and prope-ties same as en chain of cusicdy? ¥eg | Mo ! )
wc-l..-s in procer cantginer/cottle? | s | Mo | ,
cies orocerdy preser/ed? I = | Mo | I
spiz bottles inigct? [ %= | Mo |
terienons decamenied on Chain of Cusiody? | 725 | Mo | .
Hziners decumentsd on Chain of Cusiody? | 7%= | Ma | .
Acent semcle ameount forindicsted test? I wes | do | |
samcies raceived within sufficient haold time? [ 42 | Mo |
C eamcles have 1270 headscacs? | Y33 { Mo | NciAccicecle |
ES COSENVEIONS
Variance Documentatjon
ntzal Person - Dete/Times Conizotzd by
:2Erding

~rrecive ACUCn TEREN
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5701 Abeideen Avenue, Suite 9 Lubbock, Texas 79424 800937801296 80607941290 FAX 806 794° 1268

£55 MeCacheon, Suite H El Paso, Texas 79937  88Ee58803443 815658503443 FAY 81558504040
L-hiail fab@iraceanalysis com

G
LT RACEANALYSTS, INC. UL L

Analytical and Quality Control Report

Kristen Farris-Pope Report Date:  August 9, 2006
Rice Operating Company
122 W Taylor Street Work Order: 6072143

Hobbs, NM, 88240 OO

Project Location:  Lea County,NM
Project Name: BD Zachary Hinton
Project Number:  BD Zachary Hinton

Enclosed are the Analytical Report and Quality Control Re )ort for the following sample(s) submitted to TraceAnalysis, Inc.

Date Time Date
Szlmple Description Matrix Taken Taken Received
96140 Monitor Well #] water 2006-07-19 12:55 2006-07-21

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

This report consists of a total of 10 pages and shall not be reproduced except in its entirety, without written approval of TraceAnalysis,
Inc. '

Mot g1/

Dr. Blair Leftwich, Director




Report Date: August 9, 2006
BD Zachary Hinton

Work Order: 6072143
BD Zachary Hinton

Page Number: 2 of 10
Lea County,NM

Sample: 96140 - Monitor Well #1

Analytical Report

Prep Method:  N/A

28782
25167

QC Batch:
Prep Baich:

Date Analyzed:
Sample Preparation:

2006-08-02
2006-08-02

Analysis: Alkalinity Analytical Method:  SM 23208
QC Batch: 28340 Date Analyzed: 20006-07-26 Analyzed By:  LJ
Prep Batch: 24777 Sample Preparation:  2006-07-25 Prepared By:  LJ
RL
Parameter Flag Result Units Dilution RL
Hydroxide Alkalinity <1.00 mg/L as CaCo3 | 1.00
Carbonate Alkalinity <1.00 mg/L as CaCo3 ! 1.00
Bicarbonate Alkalinity 188 mg/L as CaCo3 ! 4.00
Total Alkalinity 188 mg/L as CaCo3 I 4.00
Sample: 96140 - Monitor Well #1
Analysis: BTEX Analytical Method: S 8021B Prep Method: S 5030B
QC Batch: 28277 Date Analyzed: 2006-07-24 Analyzed By: MT
Prep Batch: 24759 Sample Preparation:  2006-07-24 Prepared By:  MT
RL

Parameter Flag Result Units Dilution RL
Benzene <0.00100 mg/L | 0.00100
Toluene <0.00100 mg/L 1 0.00100
Ethylbenzene <0.00100 meg/L 1 0.00100
Xylene <0.00100 mg/L I 0.00100

Spike Percent Recovery
Surrogate Flag Result Units Dilution Amount Recovery Limits
Trifluorotoluene (TFT) 0.096] mg/L I 0.100 96 66.2-127.7
4-Bromofluorobenzene (4-BFB) ' 0.0585 mg/L ] 0.100 58 70.6-129.2
Sample: 96140 - Monitor Well #1
Analysis: Cations Analytical Method: S 6010B Prep Method: S 3005A
QC Batch: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP
Prep Batch: 24749 Sample Preparation:  2006-07-24 Prepared By: TS

RL

Parameter Flag Result Units Dilution RL
Dissolved Calcium 98.2 mg/L | 0.500
Dissolved Potassium 12.8 mg/L ] 1.00
Dissolved Magnesium 49.3 mg/L ] 1.00
Dissolved Sodium 230 mg/L 10 1.00
Sample: 96140 - Monitor Well #1
Analysis: fon Chromatography Analytical Method:  E 300.0 Prep Method:  N/A

Analyzed By: WB
Prepared By:  WB

"BFB surragate recovery outside normal limits. ICV/CCY and TFT surrogate recovery show the method to be in control.
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RL
Parameter Flag Result Units Dilution RL
Chloride 375 mg/L 50 0.500
Sulfate 234 mg/L 50 0.500
Sample: 96140 - Monitor Well #1
Analysis: TDS Analytical Method: ~ SM 2540C Prep Method:  N/A
QC Batch: 28406 Date Analyzed: 2006-07-27 Analyzed By: SM
Prep Batch: 24850 Sample Preparation:  2009-07-26 Prepared By:  SM
RL
Parameter Flag Result Units Dilution . RL
Total Dissolved Solids 1318 mg/L 10.00
Method Blank (1) QC Batch: 28277
QC Batch: 28277 Date Analvzed:  2006-07-24 Analyzed By: MT
Prep Batch: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
MDL

Parameter Flag Result Units RL
Benzene <0.000255 mg/L 0.001
Toluene <0.000210 mg/L 0.001
Ethylbenzene <0.000317 mg/L 0.001
Xylene <0.000603 mg/L 0.001

Spike Percent Recovery
Surrogate Flag Result Units Dilution Amount Recovery Limits
Trifluorotoluene (TFT) 0.0949 mg/L ] 0.100 95 76.1-117
4-Bromofiuorobenzene (4-BFB) 0.0633 mg/L I 0.100 63 58.5-118
Method Blank (1) QC Batch: 28340
QC Batch: 28340 Date Analyzed:  2000-07-26 Analyzed By: LI
Prep Batch: 24777 QC Preparation:  2006-07-25 Prepared By:  LJ

MDL

Parameter Flag Result Units RL
Hydroxide Alkalinity <1.00 mg/L as CaCo3 ]
Carbonate Alkalinity <1.00 mg/L as CaCo3l ]
Bicarbonate Alkalinity <4.00 mg/L as CaCo3 4
Total Alkahmity <4.00 myg/L. as CaCo3 4

Method Blank (1) QC Batch: 28356

’

QC Batch: 28356
Prep Balch: 24749

2006-07-26
2006-07-24

Date Analyzed:
QC Preparation:

Analyzed By: TP
Prepared By: TS
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MDL
Parameter Flag Result Units RL
Dissolved Calcium 0.132 mg/L 0.5
Dissolved Potassium 1.08 mg/L 1
Dissolved Magnesium <0.704 mg/L 1
Dissolved Sodium 0.836 me/L I
Method Blank (1) QC Batch: 28406
QC Batch: 28400 Date Analyzed:  2006-07-27 Analyzed By: SM
Prep Batch: 24850 QC Preparation:  20006-07-26 Prepared By:  SM
MDL
Parameter Flag Result Units RL
Total Dissolved Solids <5.000 mg/L 10
Mecthod Blank (1) QC Batch: 28782
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB
MDL

Parameter Flag Result Units RL
Chloride <0.0181 mg/L 0.5
Sulfate <0.0485 mg/L 0.5
Duplicates (1)
QC Batch: 28340 Date Analyzed:  2006-07-26 Analyzed By: LJ
Prep Batch: 24777 QC Preparation:  2006-07-25 Prepared By: LI

Duplicate Sample RPD
Param Result Result Units Dilution RPD Limit
Hydroxide Alkalinity <1.00 < 1.00 mg/L as CaCo3 ! 0 20
Carbonate Alkalinity <1.00 <1.00 mg/L as CaCo3 1 0 20
Bicarbonate Alkalinity 110 108 mg/L as CaCo3 i 2 12.6
Total Alkalinity 110 108 mg/l. as CaCo3 1 2 .5
Duplicates (1)
QC Batch: 28400 Date Analyzed:  2006-07-27 Analyzed By: SM
Prep Batch: 24850 QC Preparation: . 2006-07-26 Prepared By:  SM

Duplicate Sample RPD

Param Result Result Units Dilution RPD Limit
Total Dissolved Solids 768.0 928.0 mg/L 2 19 17.2
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Laboratory Control Spike (LCS-1)

QC Batch: 28277 Date Analyzed:  2006-07-24 Analyzed By: MT
Prep Batch: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
LCS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Benzene 0.109 mg/L 1 0.1 0 109
Toluene 0.108 mg/L 1 0.1 0 108
Ethylbenzene 0.109 mg/L | 0.1 0 109
Nylene 0.322 mg/L 1 0.3 0 107.333
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Benzene 0.104 mg/L 1 0.1 0 109 4.7 20
Toluene 0.103 mg/L 1 0.1 0 108 4.7 20
Ethylbenzene 0.101 my/L 1 0.1 0 109 7.6 20
Xylene 0.306 mg/L 1 03 0 107.333 5.1 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCS LCSD Spike LCS LCSD Rec.
Surrogate Result Result Units Dil. Amount Rec.” Rec. Limit
Trifluorototuene (TFT) 0.101 0.101 mg/L 1 0.100 101 101 81.8-114
4-Bromofluorobenzene (4-BFB) 0.112 0.111 mg/L 1 0.100 112 111 72.7-116
Laboratory Control Spike (L.CS-1)
QC Batch: 28356 Date Analyzed:  2006-07-26 Analyzed By: TP
Prep Batch: 24749 QC Preparation:  2006-07-24 Prepared By: TS
LCS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Dissolved Calcium S51.7 mg/L ] 50 0 103.4
Dissolved Potassium 50.8 mg/L 1 50 0 101.6
Dissolved Magnesium SES mg/L 1 50 0 103
Dissolved Sodium 50.5 mg/L 1 50 0 101
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Digsolved Calcium SET mg/L 1 50 0 103.4 0 20
Dissolved Potassium 493 mg/L ] 50 0 101.6 3 20
Dissolved Magnesium 49.8 mg/L ] 50 0 103 34 20
Dissolved Sodium 48.6 mg/L ! 50 0 101 3.8 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Laboratery Control Spike (LCS-1)
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB
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LCS Spike Matrix Rec.
Param Result Units Dil. Amount Result Rec. Limit
Chloride 12.2 mg/L 1 12.5 0 97.6
Sulfate 12.5 mg/L | 12.5 0 100
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Chioride 12.3 mg/l 1 125 ] 97.6 0.8 20
Sulfate 12.5 my/L 1 12.5 0 100 0 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Matrix Spike (MS-1)  Spiked Sample: 96149
QC Batch: 28277 Date Analyzed:  2006-07-24 Analyzed By: MT
Prep Batch: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
MS Spike Matrix Rec.
Param Result Units Dil. Amount Result Rec. Limit
Benzene 0.107 mg/L 1 0.100 <0.000255 107 70.9 - 126
Toluene 0.105 mg/L 1 0.100 <0.000210 105 70.8 - 125
Ethylbenzene 0.106 mg/L 1 0.100 <0.000317 106 74.8 - 125
Xylene 0.311 mg/L 1 0.300 <0.000603 104 75.7-126
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Benzene E NA mg/L | 0.100 <0.000255 0 70.9 - 126 200 20
Toluene 3 NA mg/L 1 0.100 <0.000210 0 70.8 - 125 200 20
Ethylbenzene 4 NA mg/L 1 0.100 <0.000317 0 74.8 - 125 200 20
Xylene 3 NA mg/L 1 0.300 <0.000603 0 75.7-126 200 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
MS MSD Spike MS MSD Rec.
Surrogate Result Result Units Dil. Amount Rec. Rec. Limit
Trifluorotoluene (TFT) o 0.101 NA mg/L ] 0.1 101 0 73.6-121
4-Bromofluorobenzene (4-BFB) 7 0.110 NA mg/L I 0.1 110 0 81.8-114
Matrix Spike (MS-1)  Spiked Sample: 96124
QC Batch: 28356 Date Analyzed:  2006-07-20 Analyzed By: TP
Prep Batch: 24749 QC Preparation:  2006-07-24 Prepared By: TS

IRPD s out of range because a matrix spike duplicale was not prepared.
I ]

“RPD is out of range because a matrix spike duplicate was not prepared.

ARPD is oul of range because a matrix spike duplicate was not prepared.

PRPD is out of range because a matrix spike duplicate was not prepared.

SRPD is out of range because a matrix spike duplicate was not prepared.

TRPD is out of range because a matrix spike duplicate was not prepared.
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MS Spike Matrix Rec.
Param Result Units Dil. Amount Result Rec. Limit
Dissolved Calcium 416 mg/L ! 50.0 361 110 68.4 - 138
Dissolved Potassium 73.8 my/L 1 50.0 22 104 82-129
Dissolved Magnesium 208 mg/L | 50.0 147 122 61.2-135
Dissolved Sodium 633 mg/L 1 50.0 578 1o 81.8-125
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Dissolved Calcium 406 mg/L 1 50.0 361 90 68.4- 138 2 20
Dissolved Potassium 81.3 mg/L 1 50.0 22 119 82-129 10 20
Dissolved Magnesium 194 mg/L ! 50.0 147 94 61.2-135 7 20
Dissolved Sodium 637 mg/L 1 50.0 578 118 8§1.8-125 I 20
Percent recovery is based on the spike resuit. RPD is based on the spike and spike duplicate result.
Matrix Spike (MS-1)  Spiked Sample: 96141
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB
MS Spike Matrix Rec.
Param Result Units Dil. Amount Result Rec. Limit
Chloride 2210 mg/L 100 12.5 988 98 254-171
Sulfate 1580 mg/L 100 12.5 298 102 0-677
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
MSD Spike Matrix Rec. RPD
Param Result Units Dil. Antount Result Rec. Limit RPD Limit
Chloride 2200 mg/L 100 12.5 988 97 254- 171 0 20
Sulfate 1550 mg/L 100 12.5 298 100 0-677 2 20
Percent recovery is bused on the spike result. RPPD is based on the spike and spike duplicate result.
Standard (1CV-1)
QC Batch: 28277 Date Analyzed: 2006-07-24 Analyzed By: MT
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene mg/L (.100 0.104 104 85-115 2006-07-24
Toluene mg/L 0.100 0.104 104 85-115 2006-07-24
Ethylbenzene mg/L 0.100 0.104 104 85-115 2006-07-24
Xylene mg/L 0.300 0.314 105 85-115 2006-07-24
Standard (CCV-1)
QC Batch: 28277 Date Analyzed:  2006-07-24 Analyzed By: MT
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CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene mg/L 0.100 0.107 107 85-115 2006-07-24
Toluene myg/L 0.100 0.105 105 85-115 2006-07-24
Ethylbenzene mg/L 0.100 0.106 106 85-115 2006-07-24
Xylene mg/L 0.300 07311 104 85-115 2006-07-24
Standard (1CV-1)
QC Batch: 28340 Date Analyzed: 2006-07-26 Analyzed By: LJ
1CVs 1CVs 1CVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Alkalimty mg/L as CaCo3 250 240 96 90 - 110 2006-07-26
Standard (CCV-1)
QC Baich: 28340 Date Analyzed: 2006-07-26 Analyzed By: LI
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Alkalinity mg/L as CaCo3 250 240 96 90-110 2006-07-26
Standard (ICV-1)
QC Batch: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery _ Limits Analyzed
Dissolved Calcium mg/L 50.0 50.7 101 90-110 20006-07-26
Dissolved Potassium mg/L 50.0 52.0 104 90-110 2006-07-26
Dissolved Magnesium me/L 50.0 49.6 99 90-110 2006-07-26
Dissolved Sodium mg/l 50.0 50.9 102 90-110 2006-07-26
Standard (CCV-1)
QC Batch: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Dissolved Calcium mg/L 50.0 51.2 102 90-110 2006-07-26
Dissolved Potassium mg/L 50.0 54.6 109 90-110 2006-07-26
Dissolved Magnesium mg/L 50.0 50.0 100 90 - 110 2006-07-26
Dissolved Sodium mg/L 50.0 53.2 106 90-110 20006-07-26
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Standard (1CV-1)

QC Batch: 28406 Date Analyzed: 20006-07-27 Analyzed By: SM
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 1056 106 90 - 110 2006-07-27
Standard (CCV-1)
QC Batch: 28406 Date Analyzed: 2006-07-27 Analyzed By: SM
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 1075 108 90 -110 20006-07-27
Standard (1CV-1)
QC Batch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Chioride mg/L 12.5 12.4 99 90- 110 2006-08-02
Sulfate mg/L 12.5 12.7 102 90-110 2006-08-02
Standard (CCV-1)
QC Batch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Chloride mg/L 12.5 12.2 98 90-110 2006-08-02
Sulfate mg/L 12.5 12.4 99 90- 110 2006-08-02
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UL TrRacEANATysts, Inc. UL

$701 Aberdeen Avenue, Suite 9 Lubbock, Texas 79424 800378 {296 806279401296 FAX 8067941298
195 McCutcheon, Suite H El Paso, Texas 79937  88Be58893443 815058503443  FAX 91558524944
E-Mail lab@traceanalysis.com

Analytical and Quality Control Report

Kristen Farris-Pope . Report Date:  August 9, 2006
Rice Operating Company
122 W Taylor Street Work Order: 6072143

Jobbs . 88240
ot NI, B IR

Project Location: Lea County,NM
Project Name: BD Zachary Hinton
Project Number:  BD Zachary Hinton

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

Date Time Date
Sample Description Matrix Taken Taken Received
96140 Monitor Well #1 water 2006-07-19 12:55 2006-07-21

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

This report consists of a total of 10 pages and shall not be reproduced except in its entirety, without written approval of TraceAnalysis,
Inc.

Pl G4/

Dr. Blair Lefrwich, Director
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Sample: 96140 - Mounitor Well #1

Analysis: Alkalinity

Analytical Report

SM 2320B
2006-07-26

Analytical Method:

Prep Method:  N/A

Analyzed By: LJ

QC Batch: 28340 Date Analyzed:
Prep Batch: 24777 Sample Preparation:  2006-07-25 Prepared By: L)
RL
Parameter Flag Result Units Dilution RL
Hydroxide Alkalinity <1.00 mg/L as CaCo3 1 1.00
Carbonate Alkalinity <1.00 mg/L as CaCo3 i 1.00
Bicarbonate Alkalinity 188 mg/L as CaCo3 ] 4.00
Total Alkahnity 188 mg/L as CaCo3 1 4.00
Sample: 96140 - Monitor Well #1
Analysis: BTEX Analytical Method: S 8021B Prep Method: S 5030B
QC Batch: 28277 Date Analyzed: 2006-07-24 Analyzed By: MT
Prep Batch: 24759 Sample Preparation:  2006-07-24 Prepared By:  MT
RL
Parameter Flag Result Units Dilution RL
Benzene <0.00100 mg/L 1 0.00100
Toluene <0.00100 mg/L ] 0.00100
Ethylbenzene <0.00100 mg/L 1 0.00100
Xylene <0.00100 mg/L 1 0.00100
Spike Percent Recovery
Suirogate Flag Result Units Dilution Amount Recovery Limits
Tri uorotoluene (TFT) 0.0961 mg/L i 0.100 96 66.2-127.7
4-Bromo uorobenzene (4-BFB) ' 0.0585 mg/L ] 0.100 58 70.6-129.2
Sample: 96140 - Monifor Well #1
Analysis: Cations Analytical Method: S 6010B Prep Method: S 3005A
QC Batch: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP
Prep Batch: 24749 Sample Preparation:  2006-07-24 Prepared By: TS
RL
Parameter Flag Result Units Ditution RL
Dissolved Calcium 98.2 mg/L 1 (1.500
Dissolved Potassium 12.8 mg/L I 1.00
Dissulved Magnesium 49.3 mg/L I 1.00
Dissolved Sodium 230 mg/L 10 1.00
Sample: 96140 - Monitor Well #1
Analysis: lon Chromatography Analytical Method:  E 300.0 Prep Method:  N/A

28782
25167

QC Baich:
Prep Batch:

Date Analyzed:
Sample Preparation:

2006-08-02
2006-08-02

Analyzed By: WB
Prepared By:  WB

TBFB surrogate recovery outside normal limits, 1CV/CCY and TFT surrogae recovery show the method o be in contro!.
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RL
Parameter Flag Result Units Dilution RL
Chloride 375 mg/L 50 0.500
Sulfate 234 mg/l 50 0.500

Sample: 96140 - Monitor Well #1

SM 2540C

Prep Method:  N/A

Analysis: TDS Analytical Method:
QC Batch: 28406 Date Analyzed: 2006-07-27 Analyzed By: SM
Prep Batch: 24850 Sample Preparation:  2009-07-26 Prepared By:  SM
RL
Parameter Flag Result Units Dilution RL
Total Dissolved Solids 1318 mg/L 2 10.00
Method Blank (1) QC Batch: 28277
QC Batch: 28277 Date Analyzed:  2006-07-24 Analyzed By: MT
Prep Batch: 2475 QC Preparation:  2006-07-24 Prepared By:  MT
MDL
Parameter Flag Result Units RL
Benzene <0.000255 my/L 0.001
Toluene <0.000210 mg/L 0.001
Ethylbenzene <0.000317 mg/L 0.001
Xylene <0.000603 mg/L 0.001
Spike Percent Recovery
Surrogate Flag Result Units Dilution Amount Recovery Limits
Tri uorotoluenc (TFT) (.0949 mg/lL i 0.100 95 76.1-117
4-Bromo uorobenzene (4-BFB) 0.0633 mg/L 1 0.100 63 58.5-118
Mcthod Blank (1) QC Batch: 28340
QC Batch: 28340 Date Apalyzed:  2006-07-26 Analyzed By: LI
Prep Batch: 24777 QC Preparation:  20006-07-25 Prepared By: LI -
MDL
Paramelter Flag Result Units RL
Hydroxide Atkalinity < 1.00 mg/L as CaCo3 ]
Carbonate Alkalinity <1.00 mg/L as CaCo3 ]
Bicarbonate Alkalinity <4.00 mg/l as CaCo3 4
<4.00 mg/L as CaCo3 4

Total Alkalinity

Method Blank (1) QC Batch: 28356
28356
24749

QC Batch:
Prep Batch:

Date Analyzed:

QC Preparation:

2006-07-26
20006-07-24

Analvzed By: TP

Prepured By: TS
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MDL
Paramelter Flag Result Units RL
Dissolved Calcium 0.132 mg/L 0.5
Dissolved Potassium 1.08 mg/L ]
Dissolved Magnesium <0.704 mg/L 1
Dissolved Sodium 0.836 mg/L |
Method Blank (1) QC Batch: 28406
QC Batch: 28406 Date Analyzed:  2006-07-27 Analyzed By: SM
Prep Batch: 24850 QC Preparation:  2006-07-26 Prepared By: SM
MDL
Parameter Flag Result Units RL
Total Dissolved Solids <5.000 mg/L 10
Mecthod Blank (1) QC Batch: 28782
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: = WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB
MDL

Parameter Flag Result Units RL
Chloride <0.0181 mg/L 0.5
Sulfate <0.0485 mg/L 0.5
Duplicates (1)
QC Batch: 28340 Date Analyzed:  2006-07-26 Analyzed By: LI
Prep Batch: 24777 QC Preparation:  2006-07-25 Prepared By: LI

Duplicate Sample RPD
Param Result Result Units Dilution RPD Limit
Hydroxide Alkalinity <1.00 <1.00 mg/L as CaCo3 ] 0 20
Carbonate Alkalinity <1.00 <1.00 mg/L as CaCo3 ] 0 - 20
Bicarbonate Alkalinity 110 108 mg/L as CaCo3 1 2 12.6
Total Alkalinity 110 108 mg/L as CaCo3 ] 2 11.5
Duplicates (1)
QC Batch: 28406 Date Analyzed:  2006-07-27 Analyzed By: SM
Prep Batch: 24850 QC Preparation:  2006-07-26 Prepared By:  SM

Duplicate Sample RPD

Param Result Result Units Dilution RPD Limit
Total Dissolved Solids 768.0 928.0 mg/L 2 19 17.2
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Laboratory Control Spike (LCS-1)

QC Batch: 28277

Date Analyzed:

2006-07-24

Analyzed By: MT

Prep Batch: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
LCS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Benzene 0.109 mg/L ] 0.1 0 109
Toluene 0.108 mg/L 1 0.1 0 108
Ethylbenzene 0.109 mg/L 1 0.1 0 109
Xylene 0.322 mg/L | 0.3 0 107.333
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Resuit Rec. Limit RPD Limit
Benzene 0.104 meg/L i 0.1 0 109 4.7 20
Toluene 0.103 mg/l 1 0.1 0 108 4.7 20
Ethylbenzene 0.101 mg/L 1 0.1 0 109 7.6 20
Xylene 0.306 me/L I 0.3 0 107.333 5.1 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCS LCSD Spike LCS LCSD Rec.
Surrogate Result Result Units Dil. Amount Rec. Rec. Limit
Tri uorotoluene (TFT) 0.101 0.101 mg/L I 0.100 101 101 §1.8-114
4-Bromo uorobenzene (4-BFB) 0.112 0.111 mg/L 1 0.100 112 111 72.7-116
Laboratory Control Spike (LCS-1)
QC Batch: 28356 Date Analyzed:  2006-07-26 Analyzed By: TP
Prep Batch: 24749 QC Preparation:  2006-07-24 Prepared By: TS
LCS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Dissolved Calcium 51.7 mg/L ! 50 0 103.4
Dissolved Potassium 50.8 my/L | 50 0 101.6
Dissolved Magnesium 515 my/L ! 50 0 103
Dissolved Sodium 50.5 mg/L I 50 0 101
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Dissolved Calctum 51.7 mg/L ] 50 0 103.4 0 20
Dissolved Potassium 49.3 mg/L | 50 0 101.6 3 20
Dissolved Magnesium 49.8 mg/L | 50 0 103 34 20
Dissolved Sodium 48.0 mg/L ! 50 0 101 3.8 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result,
Laboratory Control Spike (LCS-1)
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By:  WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB
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BD Zachary IHinton BD Zachary Hinton Lea County,NM
LCS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Chloride 12.2 mg/L. I 12.5 . 0 97.6
Sulfate 12.5 mg/L ] 12.5 0 100
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

LCSD Spike Matrix Rec. ‘ RPD
Param Result Units Dil. Amount Result Rec, Limit RPD Limit
Chloride 12.3 mg/L 1 12.5 0 97.6 0.8 - 20
Sulfate 12.5 mg/L 1 12.5 0 100 0 20

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

Matrix Spike (MS-1)  Spiked Sample: 96149

QC Batch: 28277 Date Analyzed:  2006-07-24 Analyzed By: MT
Prep Baich: 24759 QC Preparation:  2006-07-24 Prepared By:  MT
MS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Benzene 0.107 mg/L. 1 0.100 <0.000255 107 . 70.9-126
Toluene 0.105 mg/L l 0.100 <0.000210 105 70.8 - 125
Ethylbenzene 0.106 mg/L ] 0.100 <0.000317 106 74.8 - 125
Xylene 0.311 mg/L 1 0.300 <0.000603 104 75.7-126
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate resuit.

MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Benzene G NA mg/L 1 0.100 <0.000255 0 70.9 - 126 200 20
Toluene 3 NA mg/L 1 0.100 <0.000210 0 70.8 - 125 200 20
Ethylbenzene 4 NA mg/L 1 0.100 <0.000317 0 74.8 - 125 200 20
Xylene 3 NA mg/L 1 0.300 <0.000603 0 75.7-126 200 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.

MS . MSD Spike MS MSD Rec.

Surrogate Resulit Result Units Dil. Amount Rec. Rec. Limit
Tri uorotoluene (TFT) b 0.101 NA mg/L { 0.1 101 4] 73.6-121
4-Bromo uorobenzene (4-BFB) 7 0.110 NA mg/L | 0.1 110 0 81.8-114

Matrix Spike (MS-1)  Spiked Sample: 96124

QC Batch: 28356 Date Analyzed:  2006-07-20 Analyzed By: TP
Prep Batch: 24749 QC Preparation:  2006-07-24 Prepared By: TS

ZRPD is oul of range because a mauix spike duplicate was not prepared.
FRPD is aut of range hecause a mawix spike duplicate was not prepared.
FRPD s out of range because 8 mauix spike duplicate was not prepared.
SRPD is out of range becatise a matrix spike duplicale was not prepared.
"RPD 35 out of range because a matrix spike duplicate was not prepared.
TRPD is out of range because a matrix spike duplicate was not prepared.
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MS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Dissolved Calcium 416 mg/L I 50.0 361 i10 68.4 - 138
Dissolved Potassium 73.8 mg/L 1 50.0 22 104 82-129
Dissolved Magnesium 208 mg/L ] 50.0 147 122 61.2-135
Dissolved Sodium 633 mg/L | 50.0 578 1o 81.8-125
Percent recovery is based on the spike resutt. RPD s based on the spike and spike duplicate result.

MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Dissolved Calcium 406 mg/L 1 50.0 361 90 68.4 - 1538 2 20
Dissolved Potassium 81.3 mg/L ] 50.0 22 119 82-129 10 20
Dissolved Magnesium 194 mg/L 1 50.0 147 94 61.2-135 7 20
Dissolved Sodium 637 mg/L I 50.0 578 18 &1.8-125 I 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Matrix Spike (MS-1)  Spiked Sample: 96141
QC Batch: 28782 Date Analyzed:  2006-08-02 Analyzed By: WB
Prep Batch: 25167 QC Preparation:  2006-08-02 Prepared By:  WB

MS Spike Matrix Rec.

Param Result Units Dil. Amount Result Rec. Limit
Chloride 2210 mg/L 100 125 98 254-171
Sulfate 1580 mg/L 100 125 102 0-677
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result,

MSD Spike Matrix Rec. RPD
Param Result Units Dil. Amount Result Rec. Limit RPD Limit
Chloride 2200 mg/L 100 12.5 988 97 254 -171 0 20
Sulfate 1550 mg/L 100 12.5 298 100 0-0677 2 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Standard (1CV-1)
QC Batch: 28277 Date Analyzed: 2006-07-24 Analyzed By: MT

ICVs ICVs 1CVs Percent
True Found Percent Recovery Date

Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene mg/L 0.100 0.104 104 8§5-115 2006-07-24
Toluene mg/L “0.100 0.104 104 85-115 2006-07-24
Ethylbenzene mg/L 0.100 0.104 104 8§5-115 2006-07-24
Xylene mg/L 0.300 0.314 105 85-1715 20006-07-24

Standard (CCV-1)

QC Baich: 28277 Date Analyzed:  2006-07-24

Analvzed By:

MT
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CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene meg/L 0.100 0.107 107 85 - 115 2006-07-24
Toluene mg/L 0.100 0.105 105 85-115 2006-07-24
Ethylbenzene mg/L 0.100 0.106 166 85-115 2006-07-24
Xylene mg/L 0.300 0.311 104 85 - 115 2006-07-24
Standard (1CV-1)
QC Batch: 28340 Date Analyzed: 20006-07-26 Analyzed By: LJ
1CVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Alkahnity myg/L as CaCo3 250 240 96 90-110 2006-07-26
Standard (CCV-1)
QC Batch: 28340 Date Analyzed: 2006-07-26 Analyzed By: LJ
CCVs CCVs CCVs Percent
True Found Percent Recovery Dale
Param Flag Units Conc. Cone. Recovery Limits Analyzed
Total Alkalinity my/L as CaCo3 250 240 96 90 - 110 2006-07-26
Standard (1CV-1)
QC Batch: 28356 Date Analyzed: 2006-07-26 Analyzed By: TP
1CVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Dissolved Calcium mg/L 50.0 50.7 101 90 -110 2006-07-26
Dissolved Potassium mg/lL 50.0 52.0 104 90 - 110 2006-07-26
Dissolved Magnesium mg/L 50.0 49.6 99 90 -110 20006-07-26
Dissolved Sodium mg/lL 50.0 50.9 102 90 - 110 2006-07-26
Standard (CCV-1)
QC Batch: = 283506 Date Analyzed: 2006-07-26 Analyzed By: TP
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Dissolved Calcium mg/l 50.0 51.2 102 90-110 2006-07-26
Dissolved Potassium mg/L 50.0 54.6 109 90 - 110 2006-07-26
Dissolved Magnesium mg/L 50.0 50.0 100 90 - 110 2006-07-26
Dissolved Sodium mg/l 50.0 532 106 90 - 110 2006-07-26
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Standard (JICV-1)

QC Batch: 28400 Date Analyzed: 2006-07-27 Analyzed By:  SM
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc, Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 1056 106 90 - 110 2006-07-27
Standard (CCV-1)
QC Batch: 28406 Date Analyzed:  2006-07-27 Analyzed By: SM
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 1075 108 90 - 110 2006-07-27
Standard (ICV-T1)
QC Batch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Chloride mg/L 12,5 12.4 99 90 - 110 2006-08-02
Sulfate mg/L 12.5 12.7 102 90-110 2006-08-02
Standard (CCV-1)
QC Batch: 28782 Date Analyzed: 2006-08-02 Analyzed By: WB
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Chloride mg/L 12.5 12.2 98 90 - 110 2006-08-02
Sulfate mg/L 12.5 12.4 99 90 - 110 2006-08-02
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Quality Assurance Protocols

R.T. Hicks Consultants, Ltd.

901 Rio Grande Blvd. NW, Suite F-142
Albuquerque, NM 87104




Rice Operating Co.
122 W. Tavlor
FHobbs NM, 88240

Project: BD Zachary Hinton
Project Number: None Given
Project Manager:  Kristin Farris-Pope

Fax: (503) 397-1471

Reported:

02/01/06 11:42

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Sowrce %REC RPD
Analyte Result Limit Units Level Resuh YalREC Limits RIPD Limit Notes
Batch EAG2406 - General Preparation (WetChem)
Blink (EAG2406-BLK1) Preparcd & Analyzed: 01/26/06
Total Alkalinity ND 200 mgl
LCS (EAG2Z406-88T1) Prepared & Analyzed: 01/26/06
Bicarbonate Alkalinity 220 my/L ©o200 1o 85-115
Duplicate (EAG2406-DUPY) Source: 6AT9005-01 Prepared & Analyzed: 01/26/06
Toal Alkalinity 258 200 my/L 256 0.778 20
Reference (EAG2406-SRM 1) Prepared & Analyzed: 01/26/06
Total Alkalinity 97.0 my/L 100 97.0 90-110
Batch EAG3003 - General Preparation (WetChem)
Blank (EAG3003-BLK1) Prepared: D1/26/06 Analyzed: 01/27/06
Towal Dissolved Solids ND 5.00 mg/L
Duplicate (EAGI003-DULT) Source: 6A25018-01 Prepared: 01/26/06 Analyzed: 01/27/06
Total Dissolved Solids 2020 ~5.00 my/L 2080 2.93 5
Batch EAG3004 - General Preparation (WetChem)
Biank (EAG3004-BLK1) Prepared & Analvzed: 01/30/06
Sulfate ND 0.500 myg/L
Chluride ND 0.500 "
LCS (EAG3004-BS1) Prepared & Analvzed: 01/30/06
Sulfate 9.0l 0.500 my/L 10.0 96.1 80-120
Chioride 8.40 0.500 " 10.0 84.0 80-120

Environmental Lab of Texas

The results in this report apply 1o the samples analvzed in accordance with the samples
received in the laboratory. This analyical report musi be reproduced i ity entirery,

with written approval of Environmenal Lub of Texas,

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

Page 7 0f 10



Rice Operating, Co. Project: BD Zachary Hinton Fax: (505)397-147]
122 W Taylor Project Number: Nonc Given Reported:

02/01/06 11:42

Hobbs NM, 88240 Project Manager:  Kristin Farris-Pope

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting ) Spike Source YoREC RPD
Result Limit Units Level Resuht YoREC Limits RPD Limit Notes

Analvte

Batch EAG3004 - General Preparafion (WetChem)

Prepared & Analyzed: 01/30/06

Calibration Check (EAG3064-CCV'T)

Sulfue 982 mg/L 10.0 982 80-120

Chloride 8.64 " 10.0 86.4 80-120

Duplicate (EAG3004-DUPT) Source: 6A25018-01 Prepared & Analyzed: 01/30/06

Sulfute 84 .4 250 mg/L 88.2 4.40 20

Chloride 879 50 " 8806 0,793 20
Emvironmental Lab of Texas " The resulis in tiis repurt apply o the yamples analyzed i accordance with the samples

reccived b the laboraiory. This analvtical report must be reproduced in us entirety,

with written approval of Environmental Lab of Texas, .
; ’ Page 8 of 10
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Rice Operating Co. Project: B Zachary Hinton Fax: (505} 397-1471
122 W. Taylor ‘Project Number: None Given Reporteds
02/01/06 11:42

FHobbs NM, 88240 Project Manager:  Kristin Farris-Pope

Total Metals by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source YREC RPD
Analyie Result Limit Units Leve! Resull YoREC Limits RPD Limit Notes
Batch EAG2615 - 6010B/No Digestion
Blank (EAG2ZGIS-BLKI) Prepared & Analyzed: 01/26/06
Calcium ND 0.0100 mg/L
Mugnesium ND 0.00100 "
Potassium ND 0.0500
Sodium NbB €G.0100 ¢
Calibration Check (EA62615-CCV1) Prepared & Analyzed: 01/26/06
Calciun 2.12 mp/L 2.00 106 85-115
Magnesiom 1.99 " 2.00 99.5 85-115
Potassium 1.88 " 2.00 94.0 85-115
Sodium 1.94 " 2.00 97.0 85-115
Duplicate (EAG2615-DUPL) Source: 6AT19003-01 Prepared & Anabvzed: 01/26/06
Calcium 224 0.500 my/L ey} 0.§97 20
Magnestm 115 0.0500 " 120 4.26 20
Potassium .6 0.500 " 15.2 4.03 20
Sodinm 306 0.500 " 313 226 20
Environmenta) Lab of Texas The results 11 1his report apply o the samples analyzed m accordance with the samples

received in the laboraiory. This analviical report must be reproduced inits entirety,

widlowrittenr approval of Environmemal Lab of Texas. .
: ’ Page 9 of 10
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12600 West 1220 East - Odessa, Texas 79703 - (432) 363-1800 - Fax (432) 363-171



Rice Operining, Co.
122 W, Taylor Project Number: None Given

FHobhs NM, 88240 Project Manager: Kristin Farris-Pope

Project: B Zachary Hinton

Fax: (305) 397-1471

Reported:

02/01/06 11:42

DET
ND
NR
dry
RPD
LCS
MS

Dup

Notes and Definitions

Analyte DETECTED

CTED at or above the reporting Jimit

Analyte NOT DET
Not Reported
Sample results reported on a dry weight basts
Relative Pereent Difference

Laboratory Control Spike

Matrix Spike

Duplicate

:‘QC&Q am Q(_ K\j L&»‘;&

Report Approved By: Date: 2/1/2006
Raland K. Tuttle, LLab Manager Jeanne Mc Murrey, Inorg. Tech Director
Celey D. Keene, Lab Director, Org. Tech Director LaTasha Cornish, Chemist

Peggav Allen, QA Officer Sandra Sanchez, Lab Tech.

This material is intended only for the use of the individual (£) or entity to whom 1t is addressed, and may contain

information that is privileged and confidential,

1f you have received this material in error, please notify us immediately at 432-563-1800.

Environmental Lab of Texas

received in the loboratory. This analvtical report musi be reproduced in s catirety,

with written approval of Eavivenmental Lab of Texas,

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

The results in this repori apply 1o the samples analyzed in accordance with the samples

Page 10 0f 10
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