


Hansen, Edward J., EMNRD

From: Katie Jones [kjones@riceswd.com]

Sent: Monday, January 31, 2011 2:12 PM

To: Hansen, Edward J., EMNRD

Cc: Hack Conder; Katie Lee

Subject: Corrected Vacuum F-25 EOL (1R425-64) CAP Addendum
Attachments: Vacuum F-25 EOL (1R425-64) Proposed Liner - Plate 4.jpg

Mr. Hansen,

This email is an Addendum to the Vacuum F-25 EOL site (1R425-64) Corrective Action Plan, submitted to the
NMOCD on November 24, 2010. Page 1, second paragraph: text in blue lettering, below, will be added to the
paragraph. Red lettering marked with a strike-through will be deleted. The new plate 4 showing the proposed
liner location is attached. If you need any further information, please let me or Hack know.

“Our recommended corrective action for the site is the installation of a 30 x 3840 foot synthetic liner 4-5 feet below
ground surface centered over the former site and revegetation of an area 45 x 45 feet in size above the former site. This
design meets the mandate of NMOCD Rules for protection of surface water, ground water and the environment. The
investigation demonstrates that with this remedy in place residual chloride and hydrocarbons in the vadose zone will not
with reasonable probability contaminate ground water or surface water in excess of the standards in Subsections B and C
of 19.15.30.9 NMAC through leaching, percolation or other transport mechanisms, or as the water table elevation
fluctuates.”

Page 3, section: Recommendation: text in blue lettering, below, will be added to the paragraph. Red lettering
marked with a strike-through will be deleted.

“Our recommended remedy includes:
e Installation of a liner at a depth of four-feet underneath the 30-foot by 3840-foot area centered over the former
site. Excavated soil will be evaluated for use as backfill above the liner. All backfill material will contain a
chloride concentration below 500 mg/kg and PID (field parameter) reading less than 100 ppm. Any soil
requmné dlsposal w1ll be properly dlsposed of at an NMOCD approved famhty G{ean—m-l—éwﬁh—a

e Upon completion of the liner installation, re-vegetate a 45-foot by 45-foot area centered east-west over the
former excavation and adjacent to the road on the north to reduce infiltration (see Plate 4).

This remedy is protective of ground water quality, human health, and the environment. Vegetative cover removes water
from the soil through transpiration in addition to water removed by evaporation. Such a cover can be called an
evapotranspiration barrier (ET barrier). The amount of surface water that infiltrates to ground water at an area with an ET
barrier is less than that for an identical bare area. For soil above the water table; hydraulic conductivity (the ability of a
soil to transmit water) varies with the moisture content of the soil. Hence, installation of a vegetative ET barrier results in
a considerably lowered migration rate of water and chloride to ground water. Installation of a liner beneath a vegetative
ET barrier reduces water and chloride fluxes to ground water to negligible levels while the liner has integrity. As the liner
develops tears and chemically degrades (likely decades to centuries after it was installed), downward movement of water
and chloride beneath these areas increases to the rates equivalent to an area without a liner but with an ET barrier. The
chloride beneath the disintegrating parts of a liner moves downwards to ground water before chloride underneath the
intact parts of the liner. In this way, chloride from the site enters ground water at different times. The resulting chloride
concentration in ground water is less than if chloride from the entire site enters ground water during a shorter time
interval.”



Page 4, section: Conclusions, paragraph 2: text in blue lettering, below, will be added to the paragraph. Red
lettering marked with a strike-through will be deleted.

“The remedy design for the site is the installation of a 30 x 3040 foot synthetic liner 4-5 feet below ground surface
centered over the former site and re-vegetation of an area 45 x 45 feet in size above the former site. Our recommended
corrective action meets the mandate of NMOCD Rules for protection of surface water, ground water and the environment.
The investigation demonstrates that with this remedy in place, residual chloride and hydrocarbons in the vadose zone will
not with reasonable probability contaminate ground water or surface water in excess of the standards in Subsections B and
C of 19.15.30.9 NMAC through leaching, percolation or other transport mechanisms, or as the water table elevation
fluctuates. Upon documentation of installation of the liner and re-seeding of the site with an appropriate mix of native
grasses we will submit a Termination Request for this site’s regulatory file.”

Thank you.

Katie Jones
Environmental Project Coordinator
RICE Operating Company
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R. T. HiCckSs CONSULTANTS, LTD.

901 Rio Grande Blvd NW A Suite F-142 A Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745
November 23, 2010

Edward Hansen

NMOCD

1220 South St. Francis Drive
Santa Fe, New Mexico 87505
Via E-mail

RE: Vacuum F-25 EOL
NMOCD Case #s: 1R425-64
F-25 EOL, T17S, R35E, Section 25
Correction Action Plan

Mr. Hansen,

On behalf of Rice Operating Company (ROC), R.T. Hicks Consultants, Ltd. is pleasédf‘to
submit this Correction Action Plan (CAP) for the F-25 EOL site within the Vacuum Salt
Water Disposal System. The Vacuum F-25 EOL site is located east of Buckeye, New
Mexico in Section 25 of T17S, R35E, GPS coordinates for the site are approximately: N32°
48’ 29.125" W -103° 24" 56.843” (Plate 1). The site was a part of the Vacuum System which
was abandoned in 2001.

Our recommended corrective action for the site is the installation of a 30 x 30 foot
synthetic liner 4-5 feet below ground surface centered over the former site and re-
vegetation of an area 45 x 45 feet in size above the former site. This design meets the
mandate of NMOCD Rules for protection of surface water, ground water and the
environment. The investigation demonstrates that with this remedy in place residual
chloride and hydrocarbons in the vadose zone will not with reasonable probability
contaminate ground water or surface water in excess of the standards in Subsections B
and C of 19.15.30.9 NMAC through leaching, percolation or other transport mechanisms,
or as the water table elevation fluctuates.

Characterization Activities

June - August 2005

The site was initially assessed as part of Vacuum System abandonment. The EOL box
was removed. Three sampling trenches were then advanced to 12’ below ground surface
(bgs) to characterize impact at the source, 5 feet north and 5 feet west of the former EOL
junction box. Samples were obtained at one-foot depth intervals and subjected to field
chloride and PID measurements. A composite bottom sample was submitted for
confirmatory laboratory analysis. The material was removed to a NMOCD-approved
site and the site was filled and graded with imported clean material. Plate 2 presents
soil sample results at the site.

The surface was contoured to the surrounding area and an identification plate was
placed at the site to mark the location of the former junction box. The initial disclosure
report for this site is included in Attachment A.
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May 2010

ROC and Hicks Consultants had 5 soil borings completed at the site to vertically and
horizontally characterize the site. SB-1 was drilled through the center of the former site
to a depth of 50 feet.

SB-2, 15 feet north of the EOL junction box was drilled to a depth of 55 feet. SB-3, 15 feet
east of the EOL junction box, and SB-4, 20 feet south of the EOL junction box were both
drilled to a depth of 35 feet. SB-5, 15 feet west of the EOL junction box was drilled to a
depth of 40 feet.

Chloride Profile Data Observations:

1. Trenches generally show increasing chloride concentration with increasing depth
(12-feet).

2. Beneath the EOL junction box, concentrations increased from less than 600
mg/ kg (1-foot) to above 2,000 mg/ kg at 12-feet. Boring concentrations from 15-
feet were less than 600 mg/kg to the total depth of 50 feet.

3. Highest chloride concentrations were found in SB-2, north of the EOL junction
box (3,200 mg/kg at a depth of 10 feet). Additional local high chloride
concentrations exist at 20-feet (1,782 mg/kg) and 50-feet (1,588 mg/kg).

4. To the south (SB-4) and west (SB-5), peak chloride concentrations of about 1,000
mg/kg and about 1,650 mg/kg respectively, occur at a depth of 10 feet.
Concentrations decline to about 500 mg/kg at 20 feet and are less below this
depth.

5. To the east (SB-3), chloride concentrations have a similar profile as to the west
(SB-5) with a higher chloride concentration at the depth of 20 feet (1,013 mg/kg).

To summarize, chloride concentration data from the borings at the site demonstrate
chloride masses at depths of about 10-feet, 20-feet, 30-feet, and 50-feet within the soil
profile. Greatest chloride masses are to the north and east.

Hydrocarbon Data Results:

All samples were field checked with a photoionization detector (PID). All samples from
the trenches measured less than 5.0 ppm with the exception of the uppermost sample
and lowermost samples from the 5-feet west trench. The sample concentrations were
14.4 ppm and 41.6 ppm, respectively. Measurements from all the boring samples were
less than 5.0 ppm.

Two samples from each of the five borings were submitted for laboratory analysis for
BTEX. Concentrations from all samples were below laboratory detection limits.
(Attachment B).

Hydrogeology of Site

Data collected regarding the hydrogeology of the site was used to create a conservative
model of the remedy. More complete information about the hydrogeologic setting is
included driller’s logs for nearby wells (included in Attachment C) and in the model
explanation, (see Attachment D).
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Data from the USGS (Water Table Levels and Aquifer Saturated Thickness in Lea
County, Tillery, 2008) and MW-1 show that:

e The site overlies the Ogallala Aquifer

e Depth to water is about 60 feet below ground surface

* Ground water flows southeast under a regional hydraulic gradient of about 0.003
(see Plate 3)

Recommendations

Our recommended remedy includes:

o Installation of a liner at a depth of four-feet underneath the 30-foot by 30-foot
area centered over the former site. Clean fill (with a chloride concentration
below 500 mg/kg and PID (field parameter) reading less than 100 ppm) will be
imported to replace excavated material above the liner.

» Upon completion of the liner installation, re-vegetate a 45-foot by 45-foot area
centered east-west over the former excavation and adjacent to the road on the
north to reduce infiltration (see Plate 4).

This remedy is protective of ground water quality, human health, and the environment.
Vegetative cover removes water from the soil through transpiration in addition to water
removed by evaporation. Such a cover can be called an evapotranspiration barrier (ET
barrier). The amount of surface water that infiltrates to ground water at an area with an
ET barrier is less than that for an identical bare area. For soil above the water table;
hydraulic conductivity (the ability of a soil to transmit water) varies with the moisture
content of the soil. Hence, installation of a vegetative ET barrier results in a considerably
lowered migration rate of water and chloride to ground water.

Installation of a liner beneath a vegetative ET barrier reduces water and chloride fluxes to
ground water to negligible levels while the liner has integrity. As the liner develops tears
and chemically degrades (likely decades to centuries after it was installed), downward
movement of water and chloride beneath these areas increases to the rates equivalent to an
area without a liner but with an ET barrier. The chloride beneath the disintegrating parts of a
liner moves downwards to ground water before chloride underneath the intact parts of the
liner. In this way, chloride from the site enters ground water at different times. The resulting
chloride concentration in ground water is less than if chloride from the entire site enters
ground water during a shorter time interval.

Model Simulation of the Remedy

Figure 1 is a graph of predicted chloride concentration in ground water at the down
gradient edge of the site. Inputs to the model were site-specific for all inputs for which
site data existed. For all unknown inputs, values were chosen so as to overstate
predicted chloride concentration in ground water. Hence, by construction, the model is
conservative of ground water quality. The liner was assumed to have complete integrity
for 40-years and to completely degrade over the following 100-years. Therefore, the
model has no liner after 140-years. Attachment D presents an explanation of all inputs
and the resulting output of the site-specific model for the F-25 EOL site.
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Figure 1

Chloride Concentration in the Aquifer at the F-25 Site. Liner is installed at a depth of 4-
feet.
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Conclusions

The site data that documents the residual mass of chloride and hydrocarbons in the vadose
zone permit a conclusion that these constituents in the vadose zone will not with reasonable
probability contaminate ground water or surface water in excess of the standards in
Subsection B and C of the 19.15.30.9 NMAC through leaching, percolation or other transport
mechanisms, or as the water table elevation fluctuates.

The remedy design for the site is the installation of a 30 x 30 foot synthetic liner 4-5 feet
below ground surface centered over the former site and re-vegetation of an area 45 x 45
feet in size above the former site. Our recommended corrective action meets the
mandate of NMOCD Rules for protection of surface water, ground water and the
environment. The investigation demonstrates that with this remedy in place, residual
chloride and hydrocarbons in the vadose zone will not with reasonable probability
contaminate ground water or surface water in excess of the standards in Subsections B
and C of 19.15.30.9 NMAC through leaching, percolation or other transport mechanisms,
or as the water table elevation fluctuates. Upon documentation of installation of the liner
and re-seeding of the site with an appropriate mix of native grasses we will submit a
Termination Request for this site’s regulatory file.

ROC is the service provider (agent) for the Vacuum Salt Water Disposal System and has
no ownership of any portion of pipeline, well or facility. The Vacuum SWD System is
owned by a consortium of oil producers, System Parties, who provide all operating
capital on a percentage ownership/usage basis. The Vacuum SWD system has been
abandoned.
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Please contact Hack Conder of ROC at 575-393-9174 if you have any questions
concerning this submission. Thank you for your time and consideration.

Sincerely,
R.T Hicks Consultants, Ltd.

“*:3"/'].‘ ’ y’ﬁ. §
4,;'\ Qoo GE
'\
Katie Lee

Project Scientist

Copy: Hack Conder, Rice Operating Company
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R.T. Hicks Consultants, Ltd.

901 Rio Grande Blvd. NW, Suite F-142
Albuquerque, NM 87104
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R.T. Hicks Consultants, Ltd.

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



RICE OPERATING COMPANY
JUNCTION BOX DISCLOSURE* REPORT

BOX LOCATION

SWD SYSTEM 1 JUNCTION UNIT SECTION [TOWNSHIP] RANGE COUNTY BOX DIMENSIONS - FEET
. Bustamante . R Length & I width4 | ODepinZ
vacuum EOL F 25 s 358 Lea no box; system abandonment
LAND TYPE: BIM__ STATE X FEE LANDOWNER OTHER
Depth 1o Groundwater B0  feat NMOCD SITE ASSESSMENT RANKING SCORE: 20 B
Date Started 7812005 Date Completed 9/12{2005 QCD Wilness no
3 trenches
Soil Excavated 80 cubicyards Excavation Length. Widih Depth 12 feat
Soill Digpoged 40 cubio yards Offsite Facility Sundance Location Eunice, NM
FINAL ANALYTICAL RESULTS: Sample Date 8/9/2005 Sample Depth 12 ft
TR and Chloride laboratory test resulls compleled by using an approved lab and '
testing procedures pursuant to NMOCD guidelines. CHLORIDE FIELD TESTS
Sample PID (held) | GRO DRO Chlarides i~
Locatian ppm gk mg/kg mg/kg LOCATION DEPTH ma/kg
BOTTOM 12' GRAB 13.8 <10.0 <10.0 1850 background 3" 98
1 5585
General Description of Remedial Action: Tnis junction was eliminated during the 2 484
Vacuumn SWD %y‘n ain sbandonment. Aflter the former junction box was removed, an 3 371
uwex&&_«gmxcm was conductad using a trackhoe to excavated three trenches to 12 ft BGS., 4' 442
Soll samples were laken at kar intorvals and field testad for chioride, which yielded vertical 5 551
slovatod congentrations that did net relent with depth, Organic vapors ware measured delingation 6 613
trench at the
using a PID, which yislded low songentrations. A 12 L botlom grab sample was sent a junction 7 655
sarnmercial laboratory for analysis of chloride and IPH which confirmed elevated chloride (source) 8 1167
concentrations. Clean soll was importaed to backfilt the excavalion to ground surface and g9 1199
to contour the site to the surrounding area. NMOCD was notified of potential groundwater 10 1118
impact on 1282000, 11" 1468
ADDITIONAL EVALUATION IS HIGH PRIORITY 12' 2335
enclosures; photos, lab results, PID field screenings, chloride curve
I HEREBY CERTIFY THAT THE INFORMATION ABOVE IS TRUE AND COMPLETE TO THE BEST OF MY
KNOWLEDGE AND BELIEF.
SITE SUPERVISOR Roy Rasgon SIGNATURE not availabie COMPANY _ RICE OPERATING COMPANY
EPORT
i‘i EMBLED BY Kave Jones INFTHAL X@
. 23 o L )
PROJECT LEADER Loy Bruce Bakee Jr. SIGNATURE f?,/cww Fpanca /waf(x%i. A DATE  [od = / (;,7 — 8

"This s is 2 "DISCLOBURE L will ba placed on a m\@r\mﬂ list of similar sites for turther consideration.
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Laboratory Analyses

R.T. Hicks Consultants, Ltd.

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



& PHONE (575) 393-2326 » 101 E. MARLAND * HOBBS, NM 88240

LABORATORIES
May 19, 2010

Hack Conder

Rice Operating Company
112 West Taylor

Hobbs, NM 88240

Re: Vacuum F-25 EOL

Enclosed are the results of analyses for sample number H19890, received by the
laboratory on 03/13/10 at 4:30 pm.

Cardinal Laboratories i3 accredited through Texas NELAFP tor:

Method SW-846 8021 Benzene, Toluene, Ethyl Benzene, and Total Xylenes
Method SW-846 8§26() Benzene, Toluene, Ethyl Benzene, and Total Xylenes
Method TX 1003 Total Petroleum Hydrocarbons

Certificate number TH04704398-08-TX. Accreditation applies to solid and chemical
materials and non-potable water matrices.

Cardinal Laboratories is accredited though the State of Colorado Department of Public
Health and Environment lor:

Method EPA 352
Method FPA 324,
Merhod BEPA 324

Haloacetic Acids (HAA-35)
Total Trihalomethanes (TTHM)
Regulated VOCs (V2, V3)

1 ix«)

Acereditation applies to publie drinking water matrices,
Total Number of Pages ot Report: 3 (includes Chain of Custody)

Sincerely, /

¢

/?’ 7
0 ’/mu

uLv

Celey I){"F\ccm‘
Laboratory Director

This report conforms \vnh N];:l Ai’ uqummulls,




PHONE {575) 393-2326 « 101 E. MARLAND « HOBBS, Nij 88220

> LABORATORIES

ANALYTICAL RESULTS FOR
RICE OPERATING COMPANY
ATTN: HACK CONDER

112 W, TAYLOR

HOBBS, NM 88240

FAX TO: (575) 397-1471

Receiving Date; 05/13/10 Sampling Date: 05/11/10

Reporting Date: 05/18/10 Sample Type: SOIL

Project Owner: NOT GIVEN Sample Condition; COOL & INTACT

Project Name: VACUUM F-25 EOL Sample Received By: JH

Project Location: VACUUM F-25 EOL Analyzed By: AB/ZL/HM

GRO DRO ETHYL  TOTAL
LAB NO. SAMPLE ID (Cs-Cio) (>Ci-Cas) BENZENE TOLUENE BENZENE XYLENES  CI*
(mgikg)  (mg/kg)  (mg/kg) (mg/kg) (mg/kg)  (mg/kg)  (ma/kg)

ANALYSIS DATE: 05/17/10] 05/17/10] 05/14/10] 05/14/10} 05/14/10] 05/14/10] 05/14/10
[F19890-1 SBE @ 40FT ' <100 Z10.0| <0050! <0.050] <0.050| <0.300] 560
H19890-2 SBRI @ B0FT <100 <10.0{ <0.050 0.190] <0050 <o 300 288
‘”H"v.’_-iiag;oJS’ SBHE @ 06T - <100 <10.0] <0.050] <0.050{ <0.050 0.300 3,200;
H19600-4 SB#Z @ 55FT <100 <10.0/  <0.050] <0.050; <0.050 <o.3oo 160
H1GB0-5 SBRI@SFT 1 <100 <10.0;, <0.050; <0050] <0.050{ <0.300 1,710
H19890-6 SBE3 @ 05FT | 7 <160]  <10.0] <0.050] <0.050] <0.050; <0.300| 176
H10890-7 SB#a @ 1OFT T <{0.6] <100 <0.050] <0.050; =<0.050] <0.300 986
H10890-8 SB#4 @ 35FT <100 <100 <0.050] <0.050]  <0.050] <0.300] 208
IH19590-9_ 5B45 @ 10F T ] <10.0] <10.0] <0.060] <0.050] <0.050} <0.300 1,660:
H18200-10 SB#5 @ 40F T <10.0 <10.0|  <0.050] <0.050| <0.050; <0300, 160
Quan ty Centrol - 505 485 0.018 0.018 0.019 0.058 500
Troevelee ae T T T Egg 500 0020{ 0020 0.020 0.060 500
% Recovery I T o ¥ 99.0 900 90.0 9500 967 100
[Relalive Percenl Difference 1 2.7 0.2 145 181, 179 175] <ot

METHODS: TRH GRO & DRO - EPA 8W-846 8015 M, BTEX - 8W-846 80218, Cl- Std. Methods 4500-Cl-8
*Analyses performead on 1:4 wiv aqueous extracts, Reponted on wet weight.

TEXAS NELAP ACCREDITATION T104704398-08-TX FOR BENZENE, TOLUENE, ETHYL BENZENE,
AND TOTAL XYLENES, Not accredited for GRO/DRO and Chloride.
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Well Logs

R.T. Hicks Consultants, Ltd.

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



Form WR-23 STATE ENGINEER OFFICE

shEE: QG WELL RECORD

DoENGH,

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completed.

Section 1

_(A) Owner of well
Street and Number.

City WL =
Well was drilled under Permit Nol_ and is located in the
Y A 1 23 Y of Secfimn B

Twp. i¥.... Rge

License No...__%

(B) Drilling Contractor.
Street and Number.
City
Drilling was commenced

k%]

Drilling was completed

(Plat of 640 acres)

Elevation at {op of casing in feet above sea level Total depth of well
; ; Depth to water upon completion 7

State whether well is shallow or artesian

Section 2 . PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thiclfness in Description of Water-Bearing Formation
From To - _1‘ eet
!
3
4
5
Section 3 RECORD OF CASING
pia | Pounds . Thr_eads ] Depth Fect Type Shoe Perforations
in. in Top Bottom From To
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To | Hole In in. Clay Cement
N
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number City. State:
Tons of Clay used.._.__._. . Tons of Roughage used Type of roughage
"Plugging method used _ Date Plugged. . 19
Plugging approved by: : Cement Plugs were placed as follows:
Depth of Plug :
Basin Supervisor No. “From | To . No. of Sacks Used -

Date Received

S5 1KY

File No. g_&w.lg_..km?/ Use S (Q 0. Location No. /7. 35 3¢ 33 oz




Section 6 : LOG OF WELL

Depth in Feet Thickness

From To in Feet Color Type of Material Encountered

sy ody

The undersigned hereby certifies that, to the best of his knowledge and b? the foregoing is a true and cor-

rect record of the above deseribed well. M
- v g

“Well Driller




(A) Owner of well

Completed well is

Revised June 1972

STATE ENGINEER OFFICE
WELL RECORD

Section 1. GENERAL INFORMATION

Texaco Inc. Owner’s Well No.

Street or Post Office Address _BOX‘ 750
City and State __110P0B8, New Mexico

Well was drilled under Permit No. L-7481-5 and is located in the:
a 7 v SW oy Sy ofsection 30 Township_ 17=S.  Range_ 39=TF.  NMPM.
b. Tract No. of Map No. of the-
¢. Lot Na.—________ of Block No. of the _
Subdivision, recorded in County.

4. X=_______ feet, Y= feet, N.M. Coordinate System Zone in
the Grant.
(B) Drilling Contractor GL€nN" S Water Well Sérvice License No.__¥D 471
Address BoX_692 Tatum, N.M. 88267 _
Drilling Began ._LZL/BEL__ Completed J;;LM Type toolsLQ tary | Size of holeMbﬁn.
Elevation of land su;face or _ . - at well is ft. Total depth of weHL ft.
105 ft.

shallow (1. artesian, Depth to water upon completion of well

. Section 2. PRINCIPAL WATER-BEARING STRATA
Depth in Feet Thickness i o . . Estimated Yield
From To" in Feet Description of Water-Bearing Formation (zallons per minute)
105 228 113 sand ‘ 00
Section 3. RECORD OF CASING
Diameter Pounds Threads Depth in Feet Length Type of Shoe Perforations
(inches) per foot per in. Top Bottom (feet) From To
10 2/h 1 23L 2%l 148 228
Section 4. RECORD OF MUDDING AND CEMENTING
. Depth in Feet Hole Sacks Cubic Feet )
" From To Diameter of Mud of Cement Method ;g P(}gccment
[=)
@
e =
N s
&
- =
= =
~
Section 5. PLUGGING RECORD X oy
LS -
Plugging Contractor &5 =
Address No Depth in Feet — Cubic Feet |
Plugging Method : Top Bottom of Cement
Date Well Plugged 1
Plugging approved by: 2
3
State Engineer Representative 1 4
. FOR USE OF STATE ENGINEER ONLY
Date Received December 12, 1989
Quad FWL FSL
v (CLOW)
File No.._ L—7481-§ Use_  WE Location No.___17.35.30.33332
' . /P RS Zo. BBE3 T

N



Section 6. LOG OF HOLE

Depth in Feet Thickness

From I in Feet Color and Type of Material Encountered

0 3 3 s0il

3 29 26 caleche

29 142 113 sand

142 1Lh 2 cla vy _

ik 215 71 cand e
215 228 13 gravgl

228 234 6 red clay

Section 7. REMARKS AND ADDITIONAL INFORMATION

The undersigned hereby certifies that, to the ‘best of ‘is knowledge and belief, the foregoing is a true and correct record of the above

described hole. ~ -
7
(AL dZ’ . T

Driller
INSTRUCTIONS: This for -uld be executed in triplicate, preferably typewritten, and submitted t- ippropriate district office
of the State Engineer. Al ms, except Section 5, shall be answered as completely and accuratt .ossible when any well is

drilled, repaired. or deepenea. nen this form is used as a plugging record, only Section 1(a) and Sectir 1eed be completed.




Form WR-23 STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nzarest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1 )
(A) Owner of well

Stireet and Number
City i
Well was drilled under Permit No
L Ya ¥ 34 of Section

(B) Drilling Contractor_#APYGtE Bros
Street and Number ;

City

ing was commenced

— Drilling was completed ...o..o..

" (Plat of 640'acres)

Elevation at top of casing in feet above sea level : Total depth of well
State whet}aer well isishallow or artesian Depth to water uponmé'ornpletvion_.___
Section 2 _ . ___PRINCIPAL WATER BEARING STRATA
No. ‘Depth in Feet .| Thickhess In | . Description of Water-Bearing Formation
From To Feet
- —
2 =
- - -
5 - - -
Section 3 L ‘. RECORDOFCASING = _ e
Dia | Pounds :Threédﬁ_,___ Depth Perforations
in. ot i " Top Bottom | (Feet. .| Type Ehoe .- From To
e
Section4 . . {RECORD OF MUDDING AND CEMENTING
" Depth in Feet | Diameter | | Toms ..| No. Sack$ of | T _ oo i
~Tom To | Hole in.in. |.) Clay . .. Cement . |. . ... .. .. MehodsUsed
Section 5 ' A “"‘""“PLUGG!NG—RECORD‘ e s
Name of P;lugginjg Contractor T ZTicense Nou i Ton I
Street and;‘Number e ;Ci’c}'"»'i Stater s e

Tons.of Cléy- used_, : sins o Type-of-roughage cowm e o o o
Plugging method usedz- PR PP e oo Date Pluggedi oo e 1900 o

Flugg_i_ng. approved. byi

e .Tons of Roughage used...

Cement Plugs were placed as follows:. ... . -

. P — 2 . .
Location No. < % Sy - Bo, 280

w



From |

hat;;to the best

and cor-




Form WR-23

HEL b— \!GR LOG STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1

=

‘Kermac Potash Co.
P.O _Box 61Q

(A) Owner of well

Street and Number

City _ Hobbs

Well was drilled under ‘Permit No
NE 13 NE 1. NW.1 of Section

(B) Drilling Contractor. Abbott Bros.

‘Street and Number._P.Q. Box 637

New Mexico
L=5850 and is located in the
19._Twp.. 175 Rge._35E
License No..WD-44 _

State

City Hobbs : State __New Mexico __
Drilling was commenced Feb. 9 ' 19_66
Drilling was completed... Feb. 9. 19..6%

(Plat of 640 acres)

Elevation at top of casing in feet above sea level
State whether well is shallow or artesian shallow

Total depth of well 240 feet
Depth to water upon completion _hole caved

Section 2 PRINCIPAL WATER-BEARING STRATA
No. |. DfPthin Feet | Thickness in Deseription of Water-Bearing Fermation
From | .To  Feet CL .
1 100 235 135 Alternating beds_of fine grained sand, siit and gravel
2
3
4
5
Section 3 RECORD OF CASING ,
Dia Pounds Threads Depth Feet Type Shoe Perforations
in. ft. in Top Bottom . . § From To
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of o S
From T Hole in in, Clay Cement Methods Used -
0 5 4-1/4 1 I
I
Section 5 ' " . PLUGGING RECORD
Name of Plugging Confractor : License No.,_._‘._____.
Street and Number. _ City. —— State:
Tons of Clay used..._________Tons of Roughageused____:_ Type of roughage
Plugging method used ‘ Date Plugged : 19
Plugging approved by: -Cement Plugs were placed as follows:
Depth of Plug | o
_... Basin Supervisor No. “¥rom |. To 'No. of Sacks Used
FOR USE OF ! 0 5 : I
le_‘_!_][] & i
Date Receivejl :
T8 K y
T8I €283 995




Section 6 LOG OF WELL

ﬁ?:fth mFe;; "Til;iégjs_ e Color . o = 3 Type of M;teriai Encountered
0 . 0.5 0.5 dark brown .| alluyjum
0.5 15 14.5 it brn caliche :
15 75 60 |- ltbrn - - 1 - fine grained ,. poorly cemented sand
75 - 77 2 white 1 dense lens with chest stringers
77 80 3 It brn | fine grained, poorly cemented sand
80 20 10 ltbrn_ ‘| fine grained unconsolidated sand
20 130 40 it brn ' fineminedioorly cemented sand
130 140 10 itbrn - fine grained unconsolidated sand
140 195 55 . It bin fine to med. poorly cemented sand
195 210 15 | red » - | _arenaceous siltstone
210 235-7| . 25 i/qrieqc.ted | quartz gravel .
235 240 5 | _red - _| stilstone top Santa Rosa
{SElv
DeptiTo K
Elevaf K

lae, Mo /78

Hydro. Survey

{ithay :

The undersxgned hereby certifies that, to the best of }us knowledge and behef the foregomg is a true and cor-
rect record of the above described well: ’

‘Well Driller

R - 9, 35,/9422




Explanation of HYDRUS Model

R.T. Hicks Consultants, Ltd.

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




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

Attachment D: Explanation of Simulation Modeling

The simulation presented herein predicts the effects on ground water quality from
the averaged chloride profile constructed from the trench and boring sample data
obtained at the site. For all inputs for which there was not site-specific data,
assumptions were used in the modeling which resulted in an exaggerated adverse
impact to soil and/or ground water. Such a model is referred to as conservative of
ground water quality in this attachment.

The simulation is designed to predict the effect chloride migration through the
vadose zone has on ground water quality. To do this, the output of the unsaturated
zone model HYDRUS-1D is used as input to a ground water mixing model that
returns a calculation of the water quality at a hypothetical well at the down gradient
edge of a site.

Figure 1: HYDRUS-1D input to the mixing zone is the chloride flux through time (C_v(t) x
g_o(t)). Mixing Model inputs include the entering ground water chloride flux (C_in x q_in)
and aquifer properties and dimensions (K, D, H, and dh/dx).

I
Vadose |
I

I
—‘}

dhidx { In - — :
H in,
i Mixing Zone

Aquiclude or Bottom of Mixing Zone : Z

D - Maximum diameter of release or maximum diameter of release parallel to ground water flow

H - Height of mixing zone, assumed constant for the length of the mixing zone, D, and much larger than dh/dx
dh/dx - ground water gradient

K - Hydraulic conductivity of water bearing strata

C_in - background chloride concentration in ground water entering the mixing zone

C_v - chloride concentration of vadose zone water entering ground water

C_out - chloride concentration of ground water leaving the mixing zone

q_in - flux of ground water into the mixing zone

q_v - flux of vadose zone water into the mixing zone

q_out - flux of ground water leaving the mixing zone




November 23, 2010
Page 2

HYDRUS-1D numerically solves the Richard’s equation for vadose zone water flow
(water flow between the ground surface and the water table) and the Fickian-based
advection-dispersion equation for heat and solute transportation. The HYDRUS-1D
flow equation allows the inclusion of a sink term (a term used to specify water
leaving the system) to account for transpiration by plants when applicable. The
solute transport equation considers advective, dispersive transport in the liquid
phase. Depending on the solute, it can also consider diffusion in the gaseous phase,
nonlinear and non-equilibrium sorption, linear equilibrium reactions between the
liquid and gaseous phases, zero-order production, and first-order degradation.

The ground water mixing model uses the chloride flux from the vadose zone to
ground water provided by HYDRUS-1D and instantaneously mixes this chloride
flux with the ground water flux of chloride that enters the mixing cell beneath the
subject site. The reader is referred to API Publication 4734, Modeling Study of
Produced Water Release Scenarios (Hendrickx and others, 2005) for a general
description of the techniques employed for this simulation experiment.

For these simulations, the migration through the vadose zone of a conservative
solute (chloride) was modeled at a constant temperature. Vegetation, a sink term for
water content in the root zone, was employed.

Input data includes:

Site Hydrogeology
Data from the USGS (Water Table Levels and Aquifer Saturated Thickness in Lea
County, Tillery, 2008) and MW-1 show that:

o The site overlies the Ogallala Aquifer

e Depth to water is about 60 feet below ground surface

e Ground water flows southeast under a regional hydraulic gradient of about 0.003
(see Plate 3)

Data from an Office of the State Engineer (OSE) Technical Report 99-1 (Numerical
Simulation of Groundwater Flow for Water Rights Administration in the Lea County
Underground Water Basin New Mexico) characterized the area with these properties:
e The saturated thickness of the Ogallala at the site locale is 100-149 feet (USGS
map of 2007 lists a thickness of 120-140 feet for this locale)
e The hydraulic conductivity of the Ogallala is between 21 to 40 ft/ day

Data on chloride in ground water from the PTTC database shows the average chloride
concentration in ground water near the site is about 40 mg/L. This concentration was
used as a background concentration in the model, discussed below.

Attachment C presents water well driller’s logs from a nearby water supply well and a
detailed monitoring well log of the Ogallala Formation near Buckeye, NM which show:
» The saturated thickness in this area ranges between 60 and 80 feet
o The unsaturated zone is comprised of caliche, “rock” (well indurated caliche),
fine-grained sand, silt, and/or fine-grained sand with interbedded caliche
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A description of the model input parameters to HYDRUS-1D and then to the mixing model
are listed below.

HYDRUS INPUTS

Soil Profile - The vadose zone is about 60-feet thick as shown by nearby well logs (see
Attachment C). The soil profile was based upon the 3 trenches and 5 borings made at the
site. To be conservative of ground water quality, the profile minimized the thickness of
layers with low hydraulic conductivity. Such a soil profile moves soil moisture and solutes
to ground water at a faster rate than a soil profile with higher hydraulic conductivities.

The profile was constructed to include 4 caliche layers with a total thickness of 13-feet. The
rest of the soil profile is composed of sandy loam, loamy sand, and sand.

Dispersion lengths - Standard modeling practice calls for employing a dispersion length
that is 10% of the model length and was used in the simulations.

Climate - Weather data used in calculation of the initial condition and the predictive
modeling was from the Pear]l, New Mexico weather station, less than 15 miles south-
southwest of the site. This station is the closest station to the site for which the necessary
HYDRUS-1D input file exists. Climates on the Great Plains of eastern New Mexico are
similar enough that this was considered an acceptable choice. The weather data spans the
46. 5 year period from July, 1946 to December, 1992

HYDRUS-1D can also employ a uniform yearly infiltration rate that will obviously smooth
the temporal variations. However, because the atmospheric data are of high quality and
nearby to the site, it is conservative of ground water quality to use this data as the surface
input to HYDRUS-1D. Because vadose zone hydraulic conductivity varies with moisture
content, the difference in predicted moisture movement rates between extended dry periods
and extended wet periods can vary by a factor of 10. Using the daily atmospheric data
results in higher predicted peak chloride concentrations in ground water and is, therefore,
conservative of ground water quality.

Soil Moisture - Because soils are relatively dry in this climate and vadose zone hydraulic
conductivity varies with moisture content, it is important that simulation experiments begin
with representative soil moisture content. Commonly, the calculation of soil moisture
content begins with using professional judgment as an initial input and then running
sufficient years of weather data through the model to establish a “steady state” moisture
content. For this simulation, only minimal changes in the HYDRUS-1D soil moisture
content profile occurred after year 25 of the initial condition calculation. Therefore, 93 years
(2 cycles of the 46.5 years of weather data) was considered sufficient to establish an initial
moisture condition. This vadose zone moisture content profile was used as the initial
condition for subsequent simulations.

Initial Chloride Profile - The averaged chloride concentration profile from the
trench and boring data was used and is shown in Figure 2 below. This profile was
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used in the simulation with the exception that the uppermost 4-feet of the soil profile
is replaced with clean soil in the selected site remedy.

Figure 2
F-25 Average Chloride Profile from
Trenches and Borings
Chloride Concentration in mg/kg
0 500 1000 1500 2000 2500
0.0 e s o e e s e e
00— |
200 |
i
2 ‘
< 300 |
e e z '
= /
[}
o
500 f——— - D -
/
| =]
"
60.0

Vegetation - In the initial condition simulation, no vegetation was assumed to exist.
Without vegetation, there is no removal of water from the root zone through
transpiration. There is only evaporation from the surface. This is conservative of
ground water quality in that a “wetter” vadose zone has higher hydraulic
conductivity resulting in a greater solute flux to ground water.

In the remedy simulation, vegetation is part of the design and was allowed a root
zone depth of two-feet above the installed liner.

MIXING MODEL INPUTS

As described in API Publication 4734, the ground water mixing model takes the
background chloride concentration in ground water multiplied by the ground water
flux and the mixing zone thickness (aquifer height) to calculate the chloride flux
entering the ground water mixing zone below the area of interest. The chloride
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concentration of vadose zone water multiplied by the water flux from the vadose
zone, (both calculated by HYDRUS-1D) and the length of the release area results in
the chloride flux entering the mixing zone from above. Addition of the two chloride
fluxes gives the total chloride flux entering the mixing zone. Because the outgoing
water flux and the thickness of the mixing zone (aquifer height) are known, the
chloride concentration in ground water, the only unknown, can be calculated. This is
equivalent to the chloride concentration in a conceptual monitoring well located at
the down gradient edge of the mixing zone (the edge of the release area). See Figure
1 above.

Influence Distance (D) - The influence distance is defined as the maximal length of
the application parallel to the direction of ground water flow. As the exact direction
of ground water flow is not known, this dimension was assumed to be 42 feet, the
maximum diagonal of the 30 foot by 30 foot site delineation.

Background Chloride Concentration (C_in) is an average of nearby wells in the PTTC
database. The value of 45 mg/L chloride concentration in ground water was used.

Hydraulic Conductivity (K) - Freeze and Cherry (1979) list hydraulic conductivities for
clean sands as 10 feet/day to more than 2,500 feet/day. Musharrafieh and Chudnoff (1999)
assigned a range of hydraulic conductivity of 21 to 40 feet per day to the site area. To be
conservative of ground water quality, the lowermost value was used. Lower hydraulic
conductivities result in a lower ground water flux. As such, the solute flux from the vadose
zone is mixed with a smaller volume of ground water giving a higher predicted chloride
concentration in ground water at the down-gradient edge of a release site.

Groundwater Gradient (dh/dx) - In order to have a gradient representative of the system,
the water table was assumed to be generally parallel to topography. A representative
gradient for the area is 0.0033. The resulting ground water flux is 2.1 cm/day (0.07
feet/day).

Aquifer Thickness (H) - The Musharrafieh and Chudnoff model predicts that saturated
thickness of the aquifer beneath the site will be between 100 and 149 feet from now through
the year 2040. The USGS map of saturated thickness for Lea County (2007) lists a thickness
of 140-160 feet for this locale. For the simulations, a conservative choice of a 15-foot thick
aquifer was made.

Data from similar sites show that, unlike hydrocarbons, chloride that enters the upper
portion of an aquifer will become distributed throughout the entire saturated thickness
within a relatively short travel distance from the source. In either event, the predicted
concentration is what would be observed in a well screened over the conservative thickness.

For all variables for which field data did not exist, assumptions conservative of ground
water quality were made. A summary of the input parameters and a description of the
source information used in the HYDRUS-1D model for this application are provided in
Table 1 below.
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Table 1
Modeling Inputs for the F-25 Site Predictive Modeling
Input Parameter Source
Vadose Zone Thickness - 60 feet From Nearby Well logs

Vadose Zone Texture

Five Boring logs from the site

Dispersion Length - 10% of model length

Standard Modeling Practice

Climate

46.5 years of Pearl N.M. Weather Station
data

Soil Moisture

HYDRUS-1D initial condition simulation

Initial soil chloride Concentration Profile

Chloride Concentration data from the 3
trenches and 5 borings

Aquifer Thickness - 15 feet

Conservative assumption

Background Chloride in Ground Water
45 mg/L

PTTC/PRRC Chloride Concentration Data

Ground Water Flux - 2.1 cm/day (0.07 feet/day)

Calculated with conservative hydraulic
conductivity estimate and slope of

topography

Length of release parallel to ground water flow -
42 feet

Largest possible diameter of the site

REMEDY DESIGN

The proposed remedy for the site consists of a 30-foot by 30-foot liner placed at the bottom
of a 4-foot deep excavation centered over the site. Clean fill is to be placed above the liner
and vegetation will be established. Figure 3, below, is a schematic cross section of the

remedy for the site.

Figure 3

West
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Cross Section of the Remedy Design for the F-25 EOL Site
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materials. Shaded
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Installation of the liner stops all infiltration of surface water to the vadose zone beneath the
liner. As the moisture beneath the liner continues to move downwards due to gravity, the
upper vadose zone beneath the liner becomes drier. Because unsaturated flow varies
directly with moisture content, the downwards moisture movement rate through the drier
soils decreases. The resulting decrease in moisture movement rate first occurs in the depth
interval directly under the liner and the effect spreads downwards over time. The last
depths affected are those closest to the water table.

In the 4-feet of soil above the liner, vegetation has been established. As such, the soil loses
moisture through evaporation and from the plant’s transpiration. The soil is “drier” than
soil without vegetation which only loses water from evaporation. Since hydraulic
conductivity in unsaturated soil decreases with decreasing moisture content, moisture
movement rates are less than that of bare soil.

As the liner degrades, moisture that has infiltrated beneath the root zone begins to enter the
dry soil beneath the liner. Hydraulic conductivity of the soils beneath the “holes” increases
but will not equal the moisture movement rates of bare soils. As the liner completely
degrades, moisture movement rates throughout the site increase to these rates.

METHOD OF REMEDY SIMULATION

Inputs for the simulation are synopsized above in Table 1. The liner was assumed to
maintain integrity for 40 years and then to degrade completely in an additional 100-years.
In order to simulate the effect of the remedy on ground water:

1) The simulation was started with the calculated initial condition moisture contents.

2) To model the lined 30-foot by 30-foot site, the HYDRUS 1-D model was constructed
in two parts:

i) The lower 56-feet of the vadose zone with the appropriate section of the
averaged chloride concentration profile (Figure 2) was run in HYDRUS-
1D for 40 years with a no flux upper boundary condition to simulate an
intact liner. No moisture enters the soil column from above with this
condition.

if) To model the assumed 100-year degradation of the liner, the 4.0-foot thick
vadose zone above the liner was run for 100 years with the lower
boundary modeled as a free drainage face. In this circumstance, at each
time step, the amount of moisture entering the lowermost depth interval
of the model is assumed to leave that depth interval. This moisture flux
emerging from the bottom of the 4-feet of soil above the liner was saved
for use in modified form as an input to the 56-foot thick lower soil profile.
The flux was multiplied by a factor set equal to 0.0 at Time = 40 years, the
beginning of the liner degradation. The flux was “turned on” linearly and
reached “full value” (the factor =1.0) at the end of the assumed 100-year
liner degradation. For example, at 50-years into the liner degradation
time interval, half of the moisture flux was allowed to pass through to the
soil profile below the liner.
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3) Atthe end of the 100 year liner degradation, the two HYDRUS-1D models were re-
combined. As the liner no longer exists, the upper boundary condition is now the
weather data from Pearl, N.M. and the water table is the lower boundary condition.
The time appropriate chloride and moisture content profiles were used with the
rejoined soil profiles. The re-combined model was run for another 125 years,
approximately 2.7 cycles of the Pearl, N.M. weather data.

4) The resulting water and chloride fluxes from the site are used as inputs to the simple
ground water mixing model to predict chloride concentration that would be seen in
a monitoring well at the down-gradient edge of the F-25 site.

The simulation was run for a total time of about 265 years.

RESULTS OF SIMULATION

Figure 4 shows the predicted chloride concentration in ground water at the down gradient
edge of the F-25 EOL site with the installed liner. As can be seen, chloride concentration
exceeds 200 mg/L for about 2.5 years in the first 3.5 years of the simulation. This is due to
the chloride mass near ground water in the soil profile (see Figure 2) entering ground water
before the installation of the liner has taken full effect in the lowermost vadose zone.

Figure 4

Chloride Concentration in the Aquifer at the F-25 Site. Liner is installed at a depth of 4-
feet.
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Chloride concentration in ground water declines after this peak concentration for about 90
years to near background concentrations. After year 40 of the simulation, the liner has
begun degrading and to allow moisture to infiltrate at an increasing rate. The moisture flux
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through the soil profile is sufficient to cause an increase in chloride concentration in ground
water 52-years later at Year 92. The liner has completely degraded by year 140.

The local peak chloride concentrations (Years 117, 169, 215) are a result of high moisture
fluxes from the vadose zone to ground water associated with earlier “wet” periods (closely
associated El Nino years). The predicted maximum chloride concentration of about 170
mg/ L occurs about 30 years after the assumed disintegration of the liner. For all but about
20-years of the 265-year simulation, chloride concentration in ground water is less than 100
mg/L.

CONCLUSIONS
1. No exceedance of WQCC water quality standards is predicted by the simulation
of the site remedy.
2. Because data and assumptions made for the site were chosen to be conservative

of ground water quality, the model is designed to over predict impact to ground
water quality.



