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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

January 31, 2006

Wayne Price

NMOCD Environmental Bureau
1220 South St. Francis Drive
Santa Fe, New Mexico 87505
Via E-mail and Federal Express

RE:  Progress Report
Abo 1G Pipeline Release NMOCD Case #1R0415
Section 1, 17S, 36E, Unit G

Dear Wayne:

The vadose zone remedy for the above-referenced site is almost complete. We will
forward a final report on or before February 28, after final grading of the site. The purpose
of this letter is to describe the vadose zone monitoring devices that we installed to monitor
the performance of the infiltration barrier and to describe several changes to the original
design and the rationale for these changes.

1. Field data demonstrated that chloride did not exceed 1000 mg/kg at several
locations. Examination of data collected from deep trenches show little to no
material impact due to chloride in several areas, in conformance with our
previous data collection program. Therefore, in conformance with the
conditional approval and subsequent e-mail communication, a clay infiltration
barrier is not required over the areas where the chloride concentration is less
than 1000 mg/kg. A clay infiltration barrier will be installed in the northernmost
and westernmost portion of the spill area where evidence demonstrates that a
chloride mass resides at depth (e.g. SB-1 shows about 1400 ppm chloride at 15
feet).

2. Thirteen cells in the southwestern area, excavated to a depth of 5 feet bgs, have
chloride concentrations greater than 1000 mg/kg but less than 1750 mg/kg at
this depth. These cells have been excavated with an additional lateral 3-foot
buffer around the perimeter and are receiving clay infiltration barriers. Cells in
the southeastern area required only minimal excavation.

3. Fill, verified less than 250 mg/kg chloride concentration, was placed in the
excavation and contoured.

The attached drawing is a schematic of the pan lysimeter design installed at two locations
‘within the site. Lysimeter 1 is installed in Grid 6 in the northern excavated area and
‘Lysimeter 2 is installed in Grid 38 in the southern excavated area. Lysimeter 1 was instalied
at the bottom of a trench wall dug eight feet below the excavated surface. Lysimeter 2 was
installed at the bottom of a trench wall dug four feet below the excavated ground surface.
With each lysimeter, two casings were installed such that the bottoms of the casings
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access the vadose zone at depths of six inches below the lysimeter pan bottom and one
foot above the lysimeter pan bottom. The casings allow placement of a tensiometer to
measure soil matric potential and hence soil moisture content both above and below the
lysimeter sampling depth. If collection of vadose zone water samples prove difficult, the
soil moisture content data will provide explanation.

We propose plugging and abandonment of the monitoring well and sampling the vadose
zone monitoring devices two times per year for three years.

Sihcerely,
R.T. Hicks Consultants, Ltd.

Randall Hicks David Hamilton
Principal Staff Hydrogeologist

Copy: Rice Operating Company
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PATRICK H. LYONS State Of Mw M@;ULO COMMISSIONER'S OFFICE
COMMISSIONER Commissioner of Public Lands Phone (505) 827-5760
310 OLD SANTA FE TRAIL Fax (305) 827-5766
P.O. BOX 1148 Www.nmstatelands.org
SANTA FE, NEW MEXICO 87504-1148
January 31, 2006 '
Ms. Carolyn Haynes
RICE Operating Company
122 West Taylor
Hobbs, NM 88240
RE: Road Repair Material Exceeding Guidelines

ABO IG Excavation Project, NMOCD Case # 1R0415
Section 1, Township 17S, Rage 36E, Unit G

Dear Ms. Haynes:

The New Mexico State Land Office (SLO) respectfully denies the request to place
excavated caliche from the ABO IG Excavation Project (ABO Project) containing
Chloride concentrations of up to 1000 ppm on SLO issued Rights-of-Way.

The Commissioner of Public Lands and the SLO have a duty to manage state trust land in
a manner that includes “sound stewardship and land management practices”’. Placing
materials that originated from City of Lovington land that exceed 250 ppm [20.6.2.3103
NMACT] on state trust lands raises issues pertaining to “sound stewardship” land
management practices for the SLO. Several of those issues relate to the current lack of
New Mexico Oil Conservation Division and SLO policy on the disposal of elevated
Chloride materials outside permitted surface waste management facilities.

The State Land Office values RICE Operating Company as a lessee and feels the
exchange regarding the subject in question as meaningful. We look forward to working

with you in the future on similar issues in a cooperative manner.

Sincerely,

L
J e%%;, Ass\iétant Commissioner

Surface Resources Division

Cc:  Wayne Price — NMOCD
Cody Morrow — NMSLO

! Branson School District RE-82 v. Romer 958 F.Supp. 1501 (D.Colo.,1997)

-State Land Office Beneficiaries -
Carrie Tingley Hospital ® Charitable Penal & Reform ¢ Common Schools e Eastern NM University ® Rio Grande Improvement ® Miners' Hospital of NM  eNM Boys
School ¢ NM Highlands University ®« NM Institute of Mining & Technology ® New Mexico Military Institute®NM School for the Deaf @ NM Schoo) for the Visually
Handicapped ® NM State Hospital ® New Mexico State University ® Northern NM Community College ® Penitentiary of New Mexico @ Public Buildings at Capita) ®
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Price, Wayne, EMNRD

From: Price, Wayne, EMNRD
Sent:  Thursday, January 05, 2006 4:26 PM
To: '‘Carolyn Doran Haynes'

Cc: Sanchez, Daniel J., EMNRD; 'Randall Hicks'; TKostrubala@slo.state.nm.us; Pat Wise
(pwise @lovington-nm.org); Patrick B. McMahon (hsncpbm@leaco.net)

Subject: RE: Road Repair Material - ABO project

OCD hereby approves of ROC's request to recycle the soil from the ABO site for road repair with the following
conditions:

1. All material shall be graded into existing roads in the Qil Center area and only on state land. Water may be
added for proper placement, compaction and dust control if necessary.
2. ROC shall provide photos and location of placement areas when submitting the ABO Closure report.

Please be advised that NMOCD approval of this plan does not relieve ROC of Responsibility should
their operations pose a threat to ground water, surface water, human health or the environment. In
addition, NMOCD approval does not relieve ROC of responsibility for compliance with any other
federal, state, or local laws and/or regulations.

From: Carolyn Doran Haynes [mailto:cdhriceswd@valornet.com]

Sent: Thursday, January 05, 2006 3:33 PM

To: Price, Wayne, EMNRD

Cc: Sanchez, Daniel J., EMNRD; 'Randall Hicks'; TKostrubala@slo.state.nm.us
Subject: Road Repair Material - ABO project

Wayne,

| have discussed the usage for road repair of <1000ppm chloride, <100ppm TPH caliche with Leon Anderson,
SLO, Hobbs office. He was quite enthusiastic about it, saying that he’s wanted this for a long time and he
certainly supports the proposal, but was also cautious and wanted confirmation from the Santa Fe office. |
contacted Thaddeus Kostrubala, environmental engineer, of the Santa Fe SLO office and will forward to him the
proposal we sent to you at NMOCD. He will review and discuss with others in his office before rendering opinion.

Would you please copy the SLO on NMOCD'’s reply: TKostrubala@slo.state.nm.us

Rice Operating Company (ROC) wants to assure the NMOCD that the caliche material from the ABO I1G
Excavation Project meeting this criteria: <1000ppm Chloride and <100ppm TPH, would NOT be used on the land
owned by the City of Lovington, nor will it be used within 1 mile of their perimeter.

At this time, the road repair material will be used in the Oil Center vicinity on NM State Land — Sections 1-36,
T21S, R36E where groundwater is 100+ feet BGS or not available; where there are no surface bodies of water or
domestic water wells within 1000 feet of the road repair site; and only where there is agreement with the surface
landowner to do so.

ROC is also willing to monitor the chloride infiltration to confirm the modeling results by periodically investigating

the soils beneath and near the road repair for the migration of chlorides. The effort afforded to expanding the
environmental benefit of our oilfield remediation projects is effort well placed.

Thank you for your consideration of this matter.

1/6/2006
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PS: Have you had any thoughts about the February 1 meeting location? We should be installing the lysimeters
and tensiometers at the ABO site around this time...any interest in seeing that? We could combine the two
events.

Carolyn Doran Haynes
Engineering Manager

RICE Operating Compan
505-393-911774 K pPary
505-397-1471 (fax)

1/6/2006




_ Page 1 of 1
® @

Price, Wayne, EMNRD

From: Randall Hicks [r@ rthicksconsult.com]
Sent:  Thursday, December 29, 2005 9:51 AM
To: Price, Wayne, EMNRD

Cc: ‘Kristin Farris Pope'

Subject: Lovington Abo

Wayne

| will give you a call later today to discuss our recent submission regarding recycle-reuse of the caliche at the
Abo-1G site.

As lindicated in my email of 12-19, | think that we used more conservative input parameters in our simulation
than you did for your VADSAT modeling of chloride at landfarms.

As ROC begins to dig next week, we would really like to get a response from NMOCD - but first, let’s talk about it.

Randy Hicks
505-266-5004
cell: 505-238-9515

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by
telephone and return the original message to us at the address listed above. Thank you.

1/6/2006
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Price, Wayne, EMNRD

From: Randall Hicks [r@ rthicksconsult.com]

Sent: Monday, December 19, 2005 4:44 PM

To: Price, Wayne, EMNRD

Cc: 'Kristin Farris Pope'; ‘Carolyn Doran Haynes'; 'David Hamilton'
Subject: Lovington Abo-1G

Attachments: Caliche_Reuse_Proposal_12.19rth6.pdf
Wayne

Please do not hesitate to give Kristin a call about this and we can set up a phone conference to discuss this
proposal. | believe you will easily see that our simulation does not differ materially from the VADSAT model
NMOCD ran in support of the 1000 mg/kg chloride limit for landfarms (new Surface Waste Management Rule). In
other words, the output from our HYDRUS simulation agrees with your VADSAT simulation considering that each
used slightly different input data.

ROC is interested in starting work on this and if you find this proposal approvable, that would help move things
forward. | apologize for not getting this to you last week as | had originally thought | could.

Randy Hicks
505-266-5004
cell: 505-238-9515

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by
telephone and return the original message to us at the address listed above. Thank you.

1/6/2006




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
December 19, 2005

Wayne Price

NMOCD Environmental Bureau
1220 South St. Francis Drive
Santa Fe, New Mexico 87505
Via E-mail and Federal Express

RE: Amended Corrective Action Plan
Abo 1G Pipeline Release NMOCD Case #1R0415
Section 1, 17S, 36E, Unit G

Dear Wayne:

We offer the following idea for NMOCD consideration. Underlying the surface soil at the
site is about 1-3 feet of hard caliche with an average chloride concentration of 1,200 mg/kg
(see Table 1). As part of the conditional approval of the remedy proposed in the August
2005 Amended Corrective Action Plan, NMOCD requires disposal of this material to reduce
the chloride mass that exists at this spill site. Rather than dispose of this material at a
landfill, we propose to excavate and remove this caliche material in the area of the
excavation and cap and use the caliche for the repair of nearby roads or minor repairs to
well pads. Rather than create a waste for disposal at a landfill, we propose to create a
product: road gravel. ROC will work with the City of Lovington to identify nearby roads in
need of repair. ROC will spread this caliche gravel on 15-foot wide roads that run
perpendicular to ground water flow (essentially north-south roads) to a thickness that will
not exceed an average of 6-inches.

We employed the data and assumptions discussed below and the modeling protocol
outlined in the Amended Corrective Action Plan to predict the potential impact of this
reduce-reuse-recycle program. Using this caliche as road gravel at nearby locations is
consistent with NMOCD’s stated goal of reducing the mass of chloride present at this site.

HYDRUS-1D Modeling Experiment

We employed the same modeling protocol outlined in the Amended CAP. The following
assumptions and data apply to the prediction of minor well pad repairs or gravel repair of
north-south running roads:

o Table 1 synopsizes the results of Rice Operating Company’s chloride sampling at the
Abo Apache 1-G site. From interpolated data points. We calculated an average
chloride concentration of approximately 1200 mg/kg from 0.5 feet below ground
surface (bgs) to 3.5 feet bgs.

e A 6-ir;ch thickness of 1,200 mg/kg chloride material creates a chloride load of 0.34
kg/m~.
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A comparison with the well logs from the nearby Navajo refinery allows us to
conclude that the vadose zone in the area near Abo-1G is similar to that represented
in the well logs at the site.

For this HYDRUS-1D modeling experiment we used the soil profile derived from the
logs of MW-1 and SB-1. Within this soil profile we installed a chloride concentration
of 1200 mg/kg within the top 6 inches of the soil profile and an ambient chloride
concentration of 60 mg/kg from below this horizon to ground water.

From examination of the chloride data obtained below 50 feet bgs during the drilling
of MW-1, we conclude that ambient chloride concentration beneath a road or well
pad in the area is approximately 60 mg/kg.

The field-calibrated HYDRUS-1D model used in the August 2005 Amended Corrective
Action Plan adequately predicts the chloride flux to ground water in the area of the
Abo-1G site

The calibrated HYDRUS-1D model can predict the chloride flux to ground water by
placing a chioride load of 0.34 kg/m? on the top of the lithologic and chloride profile
of the background soil boring then allowing precipitation on this flat, un-vegetated
surface.

Because ground water flow is east to southeast in this area, we can assume that the
maximum distance parallel to ground water flow beneath a 15 foot wide north-south
road or similar well pad repair is no more than 30 feet.

From water quality data obtained at MW-1, we calculated an average chloride
concentration of 93 mg/| with in ground water and a natural variation between 72
mg/l and 120mg/I.

Careful examination of HYDRUS-1D output files from the Abo 1-G site Amended Correction

Action

Plan demonstrate that chloride from the spill events first reaches ground water after

about 20 years from present with the center of chloride mass from the releases reaching
ground water about 29 years from now.

As discussed in the Amended CAP, the HYDRUS-1D model for this area is calibrated with
chloride migration data in the upper vadose zone. These data suggest migration rates of
approximately 1-foot per year in well indurated caliches and approximately 3-feet per year

within

sand layers. The lower layers of the vadose zone in this area are dominated by

sands resulting in faster migration rates through the lower horizon.

We know from the drilling and installation of MW-1 that there exists a well indurated
caliche layer between 36 and 37 feet bgs. Field chloride data obtained during the 2004 and
2005 field programs shows that the hydraulic conductivity of this layer is quite low. Below
this layer, chloride concentrations rapidly decline to background concentrations. The
chloride at this horizon may represent the leading edge of the 1993 spill event given
migration rates predicted by Hydrus 1-D (about 3.1 feet/year migration rate). However,
the concentration gradient may be a result of earlier (1960s?) anthropomorphic oilfield
effects in this area, which would yield a chloride migration rate of about 1-foot per year.
While we can not say which the case is, the Hydrus 1-D modeling is necessarily constructed
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of choices conservative of ground water quality whenever field data does not provide
evidence for choice of input parameters. Because we have elected to employ a average
migration rate through the vadose zone of about 3-feet per year, the modeling will over
predict maximum chloride concentration in ground if the migration rate is actually 1-foot
per year.

A similar examination of HYDRUS-1D output files for this proposal demonstrate chloride
from the road repair first reaches ground water in approximately 24 years with the center
of the chloride mass entering ground water about 29 years from time=0 in agreement with
the Abo 1-G results.

Figure 1 presents the model’s prediction of chloride concentration in a monitoring well
immediately down gradient of a road that is repaired by the application of 6 inches of
caliche from the site. Within the mixing model at time = 0, ground water that enters the
mixing zone has a chloride concentration of 93 mg/L, the value of the input discussed
above. Soon after time=0, the additional natural chloride flux from the vadose zone to the
aquifer causes the predicted chloride concentration in ground water to vary between 102
and 99 ppm until about year 12, Between year 12 and year 22, the natural flux of chloride
into the aquifer increases as a result of “wet” years within the atmospheric data, causing
an additional predicted increase of chloride to about 110 ppm. To reiterate, these
variations in chloride concentrations predicted in the model for years 0-22 result from
natural conditions and are not due to the installation of caliche road repairs.

Our analysis of the model output shows that chloride molecules from the caliche pad begin
to enter ground water about year 24. The center of mass of chloride leached from the
caliche road repair intercepts ground water about year 29 and creates a maximum chloride
concentration of 128 mg/| or about 19 mg/L greater than the maximum concentration due
to natural causes. Although the highly-conservative model predicts a natural chloride
variation from 93 to 110 mg/L, the natural variation of chloride concentration is
documented at MW-1 as a variation between 72 mg/L and 120 mg/L. Because the natural
variation is 48 ppm, the theoretical contribution of chloride to the aquifer (19 mg/L) from
the caliche road repair is too small to be detected.
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Figure1 : Chloride Concentration Observed in the Aquifer at the Down Gradient
Edge of a North-South Road with a 6 inch thick Layer of 1200 ppm Caliche
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After year 29, predicted ground water chloride concentrations decrease and approach the
model input value of 93 mg/L. This prediction is due to the model’s assumption that
precipitation is essentially distilled water and, therefore, salt does not accumulate in the
root zone due to evapotranspiration. As the model predictions trend toward the input value
of 93 mg/L, we know that the effect of the chloride load of 0.34 kg/m2 has passed through
the model.

Because HYDRUS-1D over estimates the potential impact to ground water and because the
example employs other conservative input, we believe this model demonstrates that the
proposed reduce-reuse-recycle program protects fresh water, public health and the
environment. In fact, this submittal shows that the theoretical contribution of chloride to
ground water is too small to detect by ground water monitoring. Finally, we conclude that
this reduce-reuse-recycle program could result in a total chloride contribution to ground
water of zero because of the highly-conservative input parameters employed in our
simulation.

If NMOCD concurs with this overall approach but needs additional data and/or simulations
to gain the degree of assurance required for this program in an area that overlies the water
supply of the City of Lovington, we would be pleased to oblige. The alternative of hauling
the caliche to a landfill appears to create a greater impact to the environment and public
safety than this proposal. We believe this relocation of the chloride load (i.e. caliche) from
the site and dispersal of the chloride to appropriately small areas of well pads or north-
south roads provides better protection of ground water than the remedy originally
proposed in August 2005.
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As you recall, the HYDRUS-1D model of the remedy in the Amended CAP demonstrated (to
our satisfaction) that the proposed clay cap and no exportation of impacted material was
protective of fresh water, public health and the environment. The exportation of the
caliche from the site and landfill disposal of sandy-clay material that exceeds 2,000 mg/kg
removes some of the chloride mass from the site and provides a higher degree of certainty
that the proposed remedy is fully consistent with NMOCD Rules. We respectfully request
you consider this reduce-reuse-recycle proposal in lieu of landfill disposal of the caliche (as
suggested in your conditional approval) and the blending action as proposed in the
Amended CAP.

Sincerely,
R.T. Hicks Consultants, Ltd.

fardiat 7’//// Decd 9. el

Randall Hicks David Hamilton
Principal Staff Hydrogeologist

Copy: Rice Operating Company
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Price, Wayne, EMNRD

From: Price, Wayne, EMNRD

Sent:  Thursday, November 17, 2005 12:10 PM

To: ‘Carolyn Doran Haynes'; Sanchez, Daniel J., EMNRD

Cc: 'Kristin Farris Pope'; 'Randall Hicks'; Patrick B. McMahon (hsncpbm @leaco.net)
Subject: RE: Rice ABO 1G Release site 1R0415

Dear Ms. Haynes:

Point #1: OCD's intent is for ROC to remove as much chloride mass to some practical extent. If there are
areas where the contamination is only three (3) feet deep then you would only be required to remove that portion.

Point#3. OCD will require clean back-fill at this site due to the sensitive nature i.e. close proximity to a public well
supply.

If you have any further questions please do not hesitate to call or write.

From: Carolyn Doran Haynes [mailto:cdhriceswd@valornet.com]
Sent: Friday, November 11, 2005 12:18 PM

To: Price, Wayne, EMNRD; Sanchez, Daniel J., EMNRD

Cc: 'Kristin Farris Pope'; 'Randall Hicks'

Subject: RE: Rice ABO 1G Release site 1R0415

Wayne and Daniet,

There are 2 points of your conditions for the ABO 1G Release Site that Rice and System Partners would like
clarification.

Point # 1: Remove a minimum of five (5) feet of soil in all impacted areas and dispose of at an approved OCD

site.

For Example: Remove IMPACTED soils or a minimum of 5 feet — if impacted soils are only 3’ deep or less
(as many of the perimeter areas are) just remove the 3 feet. If impact is greater than 5 feet, remove 5 feet.

Also, for disposal of removed soils, dispose of soils greater than 1000 ppm Chlorides (or a concentration
that OCD can support) and stage lesser-impacted soils for on-site blending.

Point # 3: Backfill over the barrier area with a minimum of three (3) feet of clean soil that will support vegetation.

It is ROC’s experience that soils <1000 ppm Chloride can successfully support native vegetation. The API
(and Dr. Lloyd E. Deuel and Texas A&M) actually supports a concentration of 800 ppm Chloride. A web site for
reference would be: http://agnews.tamu.edu/drought/DRGHTPAK/SALITABS.HTM Look for the Texas A&M
University document titled “Chloride Tolerance of Agricultural Crops.”

Could OCD clarify an acceptable concentration? ROC would like to retain as much of the native soil as
possible to blend with fresh, foreign soil that will be hauled-in. Generally, with the consideration for 12" of

compacted clay (95% of proctor test with permeability of <1 x 107 cm/sec?) we will haul in an amount equal to the
hauled-out amount. We will compact all soils and slightly mound the area to compensate for settling over time.

Please respond so ROC can distribute the AFE for this work. We will meet the January closure request if we get

11/17/2005
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this out asap.

Thank you.
Carolyn Doran Haynes

Engineering Manager

RICE Operating Company
505-393-9174
505-397-1471 (fax)

From: Price, Wayne, EMNRD [mailto:wayne.price@state.nm.us]
Sent: Friday, November 04, 2005 3:44 PM

To: cdhriceswd@valornet.com

Cc: Sheeley, Paul, EMNRD; hsncpbm@leaco.net; seay04@leaco.net
Subject: Rice ABO 1G Release site 1R0415

Dear Ms. Haynes:

Please find enclosed the work plan approval for the Lovington ABO 1G release site. Please notify the City of
Lovington and the OCD Hobbs office before starting.

Wayne Price-Senior Environmental Engr.
Oil Conservation Division

1220 S. Saint Francis

Santa Fe, NM 87505

E-mail wayne.price @ state.nm.us
Tele: 505-476-3487

Fax: 505-4763462

Confidentiality Notice: This e-mail, including all attachments is for the sole use of the intended recipient
(s) and may contain confidential and privileged information. Any unauthorized review, use, disclosure
or distribution is prohibited unless specifically provided under the New Mexico Inspection of Public
Records Act. If you are not the intended recipient, please contact the sender and destroy all copies of this
message. -- This email has been scanned by the Sybari - Antigen Email System.

11/17/2005
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From: Price, Wayne, EMNRD Sent: Fri 11/4/2005 3:43 PM
To: cdhriceswd@valornet.com

Cc: Sheeley, Paul, EMNRD; hsncpbm@leaco.net; seay04@leaco.net

Subject: Rice ABO 1G Release site 1R0415

Attachments: | ] fnal clean-up requirement Request #2.doc(27KB

Dear Ms. Haynes:

Please find enclosed the work plan approval for the Lovington ABO 1G release site. Please notify the City of Lovington and the
OCD Hobbs office before starting.

Wayne Price-Senior Environmental Engr.
Oil Conservation Division

1220 S. Saint Francis

Santa Fe, NM 87505

E-mail wayne.price @ state.nm.us
Tele:  505-476-3487

Fax: 505-4763462




October 24, 2005
NMOCD Environfnéntal
ATTN: Wayne Price
P.O. Box 6429

1220 S. Saint Francis Drive‘
Santa Fe, NM 87504

RE: Rice ABO Leak Site
City of Lovington - Water Field

Mr. Price;
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At the request of Mr. Wise and the City of Lovington, I am responding to the OCD concernin:

the above listed spill site.

The City of Lovington is very concerned that some time in the future this spill site may cause
elevated chloride in the groundwater, above drinking water standards. The City of Lovington can
not risk or compromise its water. Other companies in the field such as Pure, Duke and Saga have
had no problem excavating and hauling its contamination, from the field and we feel Rice should

do the same.

S B

We would like rérhoval of 5 to 10 f&. of the contaminated soil, install a clay barrier then replace
with clean soil. We would also like a down gradient monitor well installed to monitor the

groundwater.

It has been two years since this leak occurred and nothing but testing and paper work has been

done. Its time Rice get stated before groundwater is contaminated.

If you have any question, please call.

Sincerely,

mg U
Eddie W. Seay, Agent
Eddie Seay Consulting
601 W. Illinois
Hobbs, NM 88242
(505)392-2236
seay04@leaco.net

cc: Pat Wise, City of Lovington
Patrick McMahon

e




[i@ You forwarded this message on 8/17/2005 Lx:11 AM. 4]
Price, Wayne, EMNRD

From: Price, Wayne, EMNRD Sent: Tue 8/16/2005 4:09 PM
To: cdhriceswd@valornet.com

Cc: Sheeley, Paul, EMNRD; Johnson, Larry, EMNRD; hsncpbm@leaco.net

Subject: ABO 1G site 1R0415

Attachments:

Dear Ms. Haynes.

OCD records indicate Rice Operating Co. was suppose to submitt a remediation plan by August 12, 2005. As of this date OCD
has not received the plan.

Please advise ASAP.

Wayne Price-Senior Environmental Engr.
Qil Conservation Division

1220 S. Saint Francis

Santa Fe, NM 87505

E-mail wayne.price @state.nm.us
Tele: 505-476-3487

Fax: 505-4763462
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R.T. Hicks ConsuLTanTs, LTD.

901 Rio Grande Bivd NW & Suite F-142 ¢ Albuguerque, NM 87104 ¢ 505.266.5004 o Fax: 505.266.0745

Page 1 of

FAX

To: Wayne Price

Fax:  505-746 3471

Phone: Date: 8/18/05 3:30 PM
Re:  Lovington Abo 1G CC:  Kiistin Pope
From: Randall T Hicks : I
e-mail R@rthicksconsult.com home page www.rthicksconsult.com
Wayne

As suggested in this letter, which was emailed to you on August 12, we were simply unable to

synthesize the large number of samples obtained by ROC, place the data into HYDRUS, and develop a
meaningful remedy in one week.

Rather than provide NMOCD with an incomplete remedy report that would not stand any meaningful
scrutiny on August 12, our letter requested sufficient time to do the job correctly. The data collected by
ROC allows us to consider the additional chloride load from the earlier releage.

Thank you for your consideration,
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This communication is intended only for the individual named above, and may contain information that is privileged and

confidential and exempt from disclosure under applicable law. If the reader of this communication is not the intended recipient,

you are hereby notified that any dissemination, distribution or copying of this facsimile is swrictly prohibited. If you have
received this facsimile in error, please immediately notify the sender by telephone and reramn the original message to the above
address via the U.S. Postal Service

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

August 12, 2005

Roger Anderson
New Mexico Qil Conservaton Division
1220 South St. Francis Dnve

Santa Fe, New Mexico 87505

Re:  ABO 1G Release Site OCD Case #1R0415
Unit Letter G, Sec. 1, T17S, R36E
Lea County, NM

Dear Mr. Anderson:

On Monday, August 11 R.T. Hicks Consultants received the data from the extensive
characrerization conducted by Rice Operating Company for the above-referenced site.  Plate 1
shows the level of effort expended by ROC: analysis of 73 near surface soil samples and 120

samples from 12 20-foot deep sampling trenches. The characterization program began on July
26.

In our July meeting, we stated that the inclusion of this earlier release in the modeling
experiments would likely cause the model ground water to exceed the WQCC standards.

Today, we completed the data preparation and input and are initiating the first of several
simulation expesiments. We will employ these new data from the upper vadose zone (0-20 feet
below land surface) with the data from the deeper borings in new HYDRUS-1D simulatians.
We will include the chloride load caused by what we now know is 2 1992 release from the site
and the chloride load from the 2003 release. We will also account for the increased chloride load
due to man’s activity in the area that maised the chloride concentration in deep soil from near 90

ppm (pre-Columbian background) to the 100-200 ppm vbserved in the up gradient soil boring
SB-2.

The first simulation planned assumes removal of chloride from the thin soil horizon overlying
the caliche and the insrallation of a synthetic liner on the caliche layer 10 prevent infiltration of
precipitation. A second expeciment will assume that we excavate and export the topsoil and a
portion of the undesdying caliche, install a sloped clay layes, import clean fill, and create a sloped
vegetative cap. We plan to examine other excavation remedies in order to select the remedy
that is based upon sound science, compliant with the regulations, and effectively protects ground
water quality,

By August 31, we propose to submit to NMOCD an amended Corrective Action Plan (CAP) for
the site that will address not only the 2003 release bur the effects of the 1992 release. In this
teport we will provide an explanation of our modeling protocol, 2 summury of the ROC
investigation, dara discs that will allow NNMOCD to verify the ous predictions using
HYDRUS-1D, and a schedule for the proposed remedy based upon the date that NMOCD
approves the CAP.

Please conract Knistin Pope if you have any questions regarding this progress report.
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August 12, 2005
Page 2

”

Sincerely,
R.T. Hicks Consultants, Ltd.

A

Randall Hicks
Principal

Copy:

Kristin Pope
William Carr
Carolyn Haynes

FAX NO,
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August 12, 2005
Page 3
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Price, Wayne, EMNRD

From: Price, Wayne, EMNRD "Sent: Tue 8/16/2005 4:09 PM
To: cdhriceswd@valornet.com

Cc: Sheeley, Paul, EMNRD; Johnson, Larry, EMNRD; hsncpbm@®leaco.net

Subject: ABO 1G site 1R0415

Attachments:

Dear Ms. Haynes.

OCD records indicate Rice Operating Co. was suppose to submitt a remediation plan by August 12, 2005. As of this date OCD
has not received the plan.

Please advise ASAP.

Wayne Price-Senior Environmental Engr.
Oil Conservation Division

1220 S. Saint Francis

Santa Fe, NM 87505

E-mail wayne.price @state.nm.us
Tele:  505-476-3487

Fax: 505-4763462




NEWEXICO ENERGY, BHNERALS and
NATURAL RESOURCES DEPARTMENT

BILL RICHARDSON Mark Fesmire

Governor Director
Joanna Prukop Oil Conservation Division

Cabinet Secretary

Memorandum of Meeting or Conversation

Telephone
Personal _ X
E-Mail
Location: Santa Fe,NM

Time: 1pm
Date: July 15, 2005

Originating Party: Rice Operating Co. (ROC) CDHaynes, RTHicks, BCarr

Other Parties: OCD- WPrice,GMacQuesten, DSanchez, GvonGonten,RCAnderson, EMartin
City of Lovington-PMcMahon,ESeay

Subject: Rice ABO 1G 1R0415
Discussion:

ROC requested a meeting concerning OCD’s letter dated July 08, 2005 requiring ROC to perform
certain remedial clean-up actions at the Rice ABO 1G site located near the Lovington, NM City fresh
water well field.

Mr. Carr attorney for ROC expressed a concern over the tone of the letter since he felt his client had
been successfully working with OCD. Mr. Carr indicated ROC is willing and ready to perform certain
actions in order to protect the Lovington City well field. Ms. Haynes, manager of ROC, presented a
detailed chronology of the project. Mr. Hicks presented a response to OCD’s letter and gave a
reassessment of the project.

Mr. Hicks informed OCD that ROC’s initial assessment of the site using the Hydrus 1-D model
indicated there would not be a problem and groundwater would not be contaminated. Mr. Hicks pointed
out that OCD’s letter made him rethink the actual site conditions and input parameters. He indicated
ROC had only modeled the upper part of the vadose zone contamination, not the deeper part. He
pointed out that if this'deeper historical contamination is included then he feels very confident that
groundwater will be impacted in the foreseeable future. '

Oil Conservation Division * 1220 South St. Francis Drive * Santa Fe, New Mexico 87505
Phone: (505) 476-3440 * Fax (505) 476-3462 * http://www.emnrd.state.nm.us




OCD (Price-Anderson) asked the question why the model did not reflect this discrepancy since it
was calibrated using on-site data, which included the deeper vadose zone. Mr. Hicks indicated
that it did not include the deeper contamination that was shown on his slide. ROC only modeled
the reported spill (i.e. net 60 bbls). ROC presented an old spill incident report from the early
1990’s to verify there was another spill in this area.

OCD expressed its concern that although Mr. Hick’s proposals always included different clean-
up options generally the model always selected the “No Action Alternative”. Mr. Hicks
responded that he is removing that language from future proposals.

OCD expressed another concern about the monitoring time. The model generally showed that it
takes many years for the contamination to reach groundwater, but ROC only proposed to monitor
for two years. Ms. Haynes answered this question by explaining their procedure in proposing
monitoring times. Mr. Price and Anderson emphasized that all proposals should more accurately
represent the actual conditions of the site.

Mr. Carr made a closing statement requesting OCD allow ROC an opportunity to re-evaluate the
site and present another clean up plan for OCD approval.

Conclusions or Agreements:

Mr. Anderson agreed to ROC’s request with the stipulation that the plan would be submitted by
Monday and would include a short deadline for completing the re-evaluation.

)

Signed:




CHRONOLOGY OF CORRESPONDENCE
Abo Apache 1G leak (unit'G', Sec. 1, T17S, R36E)

Date Event
6/26/2003 |[Hicks hosted HYDRUS1D workshop in Albuquerque with software author for OCD at OCD's request. Funded by ROC and others.
Provided OCD with software. KP and GVD attended as representatives of ROC.
10/18/2003 |Leak discovered
10/22/2003 |Initial sampling and investigation
10/23/2003 |Initial sampling and §<omnmm:o=
11/10/2003 |3 soil borings in pooled areas
1/22/2004 |Work Plan submitted to OCD; collect field data, run Hydrus1D, investigate possible remedies
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1/29/2004 |R.T. Hicks responds: explains it was a work plan only, not suggesting a remedy yet.

4/2/2004 |Hicks emails WP: Attaches same work plan. Requests approval to proceed with work plan.
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4/13/2004 |Hicks emails WP: 3 soil borings were performed; will employ fate and transport simulations.

6/7/2004 |Corrective Action Plan submitted to OCD; enclosed results of simulations; proposed closure and re-vegetation
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CUDH requests 8/31/04 extension

8/31/2004

Hicks submits revised plan: remove affected topsoil, import replacement soil, seed and monitor for growth.
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10/28/2004

Hicks notified OCD of MW installation date and plans to removed the affected top soil and replace witly clean and grade surface. Will
submit a report comparing MW installation data to previous SB data. If Cl- migration matches Hydrus simulations; request closure.
Regardless, will monitor MW quarterly for 2 yrs. If <250 CI- for 2 yrs, P& A MW. If >250, discuss additional action with OCD; City of

Lovington was copied.
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11/6/2004

MW installed.

12/3/2004

Basin Env. purged and sampled MW
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12/14/2004

CDH emails OCD: MW sampled on 11/24/04, waiting on lab analysis

12/20/2004

requested data emailed to OCD
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Basin Env. Sampled MW; waited on P. Sheeley (OCD-Hobbs to split); Eddie Seay (City of Lovington) also split sample.

‘, 3/172005

3/16/2005

Hicks requests OCD analysis from split sample to include in report; *~'i arrecs

3/28/2005

Amended CAP sent to OCD with 3/1/05 MW analysis; Removal of topsoil provides no environmental benefit; Could not include OCD lab
analysis from 3/1/05 sampling for comparison did not receive OCD split analysis.
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5/42005

email KP to WP: Hicks submitted work plan on 3/28 that includes a table of analysis, do you want the entire lab report? Are OCD's lab
results available yet? Next quarterly sampling is 5/16, docs OCD want to split again?
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5/6/2005

Hicks emails WP: clarify specific data needs to evaluate the site; Hicks can provide.

5/6/200

WP: City of Lovington says soil samples have high CI- (11,000-22,000 mg/kg)
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5/9/2005

Hicks emails P. Sheeley (OCD-Hobbs) and asks to coordinate sampling when he is in town so that Hicks can split.

5/9/2005

Hicks to WP: anticipates splitting with PS; Explains ROC did not collect initial topsoil samples because it was crusted with salt and
topsoil <6 inches underlain by fractured caliche. Surface samples that ROC did collect were after heavy rains.
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5/23/2005

Basin Env. purged and sampled MW
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i, shoeke, regue e dote to sameple VW Since Gil Van Deventer was now representing R. T. Hicks Consultants, attempted to contact PS
for coordination. ROC preferred to have the consultant on site; GVD was available on 6/17/05; GVD received no response from PS

6/16/2005

PS called KP: not available /17, KP said ROC would appreciate the opportunity to have consultant present. PS said he would contact
"Santa Fe." PS called back and told ROC to unlock the MW immediately so that he could sample it.

At approx. 9:30 am, ROC personnel and P. Sheeley split water samples; PS collected samples without purging well.




R. T. HICKS (?ONSULTANTS, LTD.
901 Rio Grande Blvd NW A Suite F-142 A Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745

July 13, 2005

Roger Anderson

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

Re:  ABO 1G Release Site OCD Case #1R0415
Unit Letter G, Sec. 1, T17S, R36E
Lea County, NM

Dear Mr. Anderson:

This letter responds to the technical issues brought forth in the NMOCD letter to Rice
Operating Company (ROC) dated July 8, 2005. Hicks Consultants collaborated with ROC staff
to develop this response. The NMOCD technical comments or requirements are shown in
italics and our response is presented below each comment or requirement.

1L ROC indicated this is a modeling experiment (page 3 March 2005 report). OCD does not
feel that it is appropriate to allow “experiments” in such a sensitive area that may
impact thousands of people in the city of Lovington.

In the report “experiment” is a term of science that means “a test made to demonstrate a known
truth, to examine the validity of a hypothesis, or to determine the efficacy of something previously
untried”. The term refers to the simulation modeling, not the proposed remedy. We did not intend
the word to mean anything that would suggest that ROC is not very serious regarding moving
forward with an appropriate remedy that is fully supported by data and sound science. Nor did we
mean to imply that the City of Lovington well field is not a “sensitive area”. In our report, we refer
to modeling, like monitoring or any scientific evaluation of a hypothesis, as an experiment. At this
site, we used a simulation modeling experiment to test a null hypothesis: the residual chloride mass
in the vadose zone would cause impairment of ground water quality.

2. OCD did not have the accessibility to run the model and therefore cannot confirm the
results.

At a recent meeting of the New Mexico Oil and Gas Association, Mr. Daniel Sanchez stated that the
State of New Mexico would not allow NMOCD to install the HYDRUS-1D software that ROC
provided on June 26, 2003. Honestly, we were dumbfounded when NMOCD relayed this
information to industry.

On June 26, 2003, Hicks Consultants and the author of the HYDRUS code, Dr. Jirka Simunek,
provided NMOCD with a 1-day workshop on the use of HYDRUS. This workshop was a response
to a request from NMOCD that the regulated community provide NMOCD with a copy of the
HYRDRUS-1D software and instructions on how to use the code. The purposes of this workshop
were outlined in the attached April 9, 2003 memorandum to Bill Olson of NMOCD and item 3
specifically states that the workshop would:
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Provide NMOCD instruction on the use of HYDRUS1D and the ground water mixing model. This
will enable NMOCD to review and approve remedies that employ these tools.

This seminar, which cost more than $10,000, was funded by Rice Operating Company, Champion
Technologies, Marathon Oil Company, and Hicks Consultants, all of whom had employed
HYDRUS-1D in submittals submitted to the agency in 2003. Furthermore, the participants offered
to fund the services of Dr. Jan Hendrickx of NM Tech for hands-on assistance after NMOCD had
become familiar with the code.

NMOCD comment #2 and the recent statement by Mr. Sanchez was especially disturbing because
the agency has approved several work plans that specifically stated our intention to employ
HYDRUS-1D in our evaluation of potential remedies. Therefore, we can only respond to this
comment by asking NMOCD to identify a means to provide independent verification of our
modeling if your agency is unable to do so internally.

If requested by NMOCD, ROC will provide the agency with a stand-alone modeling station for use
on ROC or System Partner projects. This would not become property of the State of New Mexico
and we trust that NMOCD would employ this tool for evaluation of submittals from ROC or
specifically-identified System Partners. We would load this computer with all of the atmospheric
and other data files necessary to evaluate any ROC or System Partner submittals that employ a
particular code, such as HYDRUS-1D. The original offer of ROC to provide hands-on instruction of
the use of the HYDRUS-1D code by Dr. Hendrickx remains on the table as well.

3. The spill report showed a net release of 60 barrels. The actual investigation revealed
this release amount actually caused the vadose zone to be contaminated down to a depth
of approximately 46 feet in approximately one year.

Our report is obviously not clear on the depth of penetration into the vadose zone from the October
2003 release. Chloride from the October 2003 release has not penetrated the upper vadose zone to a
depth of 46 feet. As discussed below and in the various submittals, produced water released in
October 2003 penetrated the upper vadose zone to a depth of about 4 feet by November 2003 at the
site of SB-1. By November of 2004, chloride from the October 2003 release migrated to a depth of
about 6 feet below land surface, as the data from MW-1 show.

The lithology of the site, the sudden and instantaneous nature of the spill, and the excellent soil
chemistry data allow a solid understanding of the mechanics of fluid flow at this site. We believe
the data demonstrate that chloride from the October 2003 spill immediately drained through the
fractures in the surface caliche to a depth of about 3 feet, where the base of the fractured caliche
horizon is in contact with underlying “sand and caliche” (see the attached MW-1 well log, which
was previously submitted to NMOCD). The release created temporary saturated conditions in this
underlying unit that caused relatively rapid migration of chloride into the sand plus caliche unit
identified from 3 to 5 feet below ground surface. The center of chloride mass from the October 2003
release is shown in the report but is more clearly presented below. The sampling experiments show
the center of mass of chloride at a depth of about 4 feet for both SB-1 and SB-3, about one month
after the documented release. These data also demonstrate a second chloride mass 15 feet below




July 15, 2005 . ‘

Page 3
ground surface at SB-1 and MW-1. This lower chloride mass is not present at SB-3 indicating that
this mass is not part of the October 2003 release and dates from an earlier time.

Chloride Concentrations at Lovington Abo 1G Spill Site
Chloride Concentration in mg(Cl)/kg(soil)
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The data simply do not support a hypothesis that chloride migrated to a depth 46 feet in one year.
The chloride concentrations observed in SB-1 and MW-1, temporally separated by one year, could
not agree in form if this were true. Rather, the data suggest that oil field activity over the past 50
years has caused an increase in chloride content in the upper vadose zone in this area, probably to a
depth of about 46 feet. Perhaps produced water spills that occurred in this area decades earlier are
the cause of this elevated chloride concentration. Perhaps the nature of the caliche itself contributes
to the elevated chloride concentration in the uppermost vadose zone, as suggested in the report.

Our reports identified a June 2003 release of 10 barrels of produced water at this site, which may
have impacted the area of SB-1 but did not impact the area characterized by SB-3. We hypothesize
that the chloride released to the vadose zone in June 2003 may be the cause of the slightly higher
chloride concentrations observed at the 4-foot depth at MW-1 and SB-1 relative to the
concentrations observed at the same depth at SB-3.

If the area had not experienced oil field activity prior to the October 2003 release, then we would
agree with NMOCD that the release caused an impact to a depth of 46 feet.

NMOCD’s observation regarding the difference in chloride concentrations above 36 feet from the
materially lower chloride concentrations below 46 feet is very interesting. Because the sampling
data from SB-1 and MW-1 shows that chloride migration in this area is about 1-2 feet per year, one
can use the depth of elevated chloride as a crude measure of when man’s activities first affected the
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area. This observation allows us to conclude that oil field activity in the area began 23-46 years ago.
NMOCD data show that wells within Section 1 (unit letters F, G, and H) were originally drilled in
the early 1950s. Because oil production, and the impact of accidental produced water releases,
would have started about 47 years prior to the 2003 release, we believe NMOCD’s observation
supports a long-term chloride vertical migration rate of about 1-foot per year.

Using this information concerning migration rates and the data collected from SB-1 and MW-1
demonstrating initial infiltration rates, we suggest that the chloride mass at 15 feet bgs dates from 10
to 15 years ago.

ROC'’s model uses a spill input parameter of 500 barrels- almost ten times the amount of
the actual spill. In other words, the model assumes that it would take a much larger
release to cause contamination to a depth of 46 feet in one year.

It is apparent that in this particular case the model results do not accurately reflect the
actual field conditions. OCD does not feel comfortable in accepting the results of the
model when input parameters differ so greatly from the actual conditions.

The model’s use of a 500 barrel release is consistent with the mass of chloride observed in the soil
profile (between ground surface and the 4- to 6-foot depth of penetration) rather than the visual
observations of field personnel. However, the sampling points of ROC were considered “worst
case” samples because field personnel observed pooled produced water at these locations. We
believe the use of this value, which may actually over predict the impact to ground water, is fully
appropriate. As pointed out in Hendrickx and others (2005), the HYDRUS-1D model does not rely
upon chloride concentrations or chloride mass as input parameters. Chloride mass is used in the
simple ground water mixing model and we can employ whatever mass of chloride NMOCD wishes
to use without the need to recalibrate or re-run the HYDRUS-1D portion of the simulation
experiment. We look forward to your input on this mater and are pleased to re-run the mixing model
and present the result.

4. ROC'’s June 07, 2004 report indicated that the background concentration in the
caliche/upper vadose zone was 300-ppm chlorides. . OCD received a complaint from the
City of Lovington concerning where the background sample was taken. OCD does not
believe that naturally occurring background levels would be this high.

We agree that naturally occurring background concentrations are not 300 ppm in sand. We believe
the data from below 50 feet shown on the well log included in the report define the natural
background (i.e. pre-Columbian conditions) as less than 100 ppm in sandy horizons. However, in
order to differentiate between the impact of the October 2003 spill from previous releases or other
anthropomorphic influences, we needed to establish a local background concentration (i.e. ambient
concentration) in the same lithology as the spill itself. Therefore, ROC obtained samples from an
area not effected by the recent release and the result was a finding that ambient chloride
concentrations in the upper vadose zone were 300 ppm. Please remember, the purpose of the report
was to examine the effect of the October 2003 spill on the environment. The purpose of the report
was neither the evaluation of 50 years of man’s activity in the area nor the natural variation between
chloride in sandy horizons and chloride in caliche zones. We employed the ambient chloride
concentration of 300 ppm only to assist us in the characterization of the release in the upper vadose
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zone.

5. The chlorides contamination migrated down to a depth of 46 feet from October 2003 to
November 2004. The groundwater depth was reported at approximately 77 feet. The
March 2005 report indicated that chlorides contamination had moved an additional 30-
60 cm. The June 07, 2004 report (see page 6) states that ““Deeper in the Vadose zone,
fractures become barriers to flow and deeply buried caliche behaves more like clay”.
The March 2005 report (see page 5) reiterates that the chloride migration is impeded at
the depth of 35 to 36 feet by the one foot thick caliche layer. The report estimates that the
migration is about 2 feet per year and the chloride peak would reach the groundwater in
35 to 42 years.

NMOCD s experience in shallow vadose zone excavations (down to 50 feet) does not
support the theory that fractured caliche acts as a clay barrier. ROC'’s plan did not
support this theory with any field data. In fact, OCD notes that the chlorides
contamination has migrated 46 feet in just one year. This is 10 feet deeper than the
caliche zone that is purported to act as a barrier. Based on the limited information
provided, OCD must reject the prediction that it will take another 30-40 years to reach
groundwater.

In vadose zone profiles with low water content, many scientists contend that fractures are barriers to
unsaturated flow and the ability of a hydrostratigraphic unit to transmit water is depended upon the
properties of the porous matrix. However, a growing body of knowledge from simulation,
laboratory and field experiments suggests that the role of fractures is far more complex. At this site,
our modeling experiment did not rely upon an assumption that fractures were or were not a barrier to
flow. Instead, we relied upon actual field data to calibrate the HYDRUS-1D simulations. We used
the field data to adjust the hydraulic input parameters of the model to permit more accurate
predictions. At this site, the field data demanded that we employ hydraulic input parameters for the
deep caliche horizons that were similar to clay. Conversely, we used hydraulic properties more
similar to gravel to simulate movement through the highly fractured surface caliche.

We cannot comment on NMOCD’s experience at other sites that may or may not have any similarity
to this sudden and accidental surface release. We hope the discussion above adequately addresses
the misunderstanding of the chloride migration rate at this site. We can state with a reasonable
degree of scientific certainty that we have a solid understanding of the hydrogeology of this
particular location.

6. ROC'’s plan is to monitor groundwater for only two years and then request closure. This
process does not correlate to the time that the model predicts salt will enter the
groundwater, i.e., 30-40 years. OCD feels there will be no way to know if the model
experiment is valid.

If NMOCD does not have access to the HYDRUS-1D model, we are certain that NMOCD cannot
validate the findings presented in the report using internal resources. We urge NMOCD to consider
requesting assistance from other State of New Mexico employees, such as those employed at NM
Tech, UNM, or NMED to evaluate the validity of our findings. To reiterate, if NMOCD requests a
stand-alone modeling station and expert, independent assistance to further test the simulation
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experiments that are the basis of our submissions, ROC is willing to fund this endeavor.

We would like to remind NMOCD that very early in this matter, ROC offered to install vadose zone
monitoring devices that would be capable of measuring the migration (and sequestration) of chloride
in the vadose zone. This type of monitoring is exactly what is currently approved by NMOCD,
NMED and EPA within the saturated zone: Monitored Natural Attenuation. However, NMOCD
stated categorically that such monitoring would be unacceptable and required the installation of a
monitoring well. If requested by NMOCD, ROC is willing to provide the agency with a program to
monitor the migration of chloride in the vadose zone as originally proposed.

7. OCD and the City of Lovington recently collected soil samples and discovered that high
salt levels (i.e. chlorides up to 20,000 ppm) still remain in the spill area. These results
were approximately 4-5 times higher than ROC’s results submitted via E-mail on
October 01, 2004.

OCD understands that chloride mass is a very important input parameter to the model.
The March 2005 submittal included a plate 3 “Calculation of Chloride Load” which
showed the highest soil concentration to be 1161-ppm chlorides. As pointed out above,
surface soils had concentrations 10 times the value shown on Plate 3. ROC did not
Jjustify why these values should not have been included in the calculations.

The thin surface soil layer of high chloride concentration was not considered in our calculation of
chloride load because this mass of chloride is inconsequential when compared to the overall chloride
mass. Also, this thin zone of high chloride soil was not considered because ROC repeatedly offered
to remove this soil layer (see August 31, 2004 work plan, for example). Although NMOCD initially
approved the removal of the thin high chloride layer, this approval was then retracted (see November
4, 2004 email from NMOCD).

While selective sampling of the surface soil could demonstrate high or low chloride concentrations,
we observed invasion of plants in 2004 and recent photographs show that the majority of the surface
soil does not exhibit sufficient chloride concentration to inhibit growth. The invasion of vegetation
in 2004, which is not well described in any submittals, provides evidence that the chloride mass in
the thin soil horizon does not pose a material threat. Nevertheless, if requested by NMOCD, ROC
will determine the mass of residual chloride in the thin soil horizon and we will re-run the model to
account for increased chloride load.

8. The site has not been adequately delineated.

We maintain the characterization presented in the reports adequately defines site conditions, and
provides the data necessary to select and design an effective remedy. The lateral extent of the
surface impact can be measured to the inch. The vertical extent of impact is also defined to the
inch in two areas of the spill, SB-1 and SB-3, where ROC observed pooled produced water.
Sampling at locations such as SB-1 and SB-3 provide worst case conditions — maximum chloride
penetration and the highest chloride concentrations (e.g. largest mass). Designing a remedy
based upon these worst case conditions provides the maximum protection.




July 15, 2005 ® ®

Page 7

If requested by NMOCD, ROC is willing to expand temporal sampling to create a monitoring
and reporting program that conforms to the criteria of Monitored Natural Attenuation. ROC
discussed this strategy with NMOCD very early in the investigative process and our installation
of permanent vadose zone monitoring at the site to mote accutately measure the migration of
chloride in the upper vadose zone remains on the table.

Below, we present our response to the corrective actions proposed by NMOCD.

1. ROC shall remove a minimum of 10 feet of contaminated soil in the impacted areas. This
project shall start no later than July 22, 2005. All contaminated soils removed from the
site shall be disposed of at an OCD approved site.

ROC and Hicks Consultants requests an opportunity to review the technical and regulatory
justification for NMOCD’s selection of the 10-foot minimum excavation.

2. The site shall be delineated both horizontally and vertically. The delineation parameters
will be as follows: TPH - 100 ppm; chlorides - 250 ppm; and, total BTEX - 100 ppm.

As stated above, we believe the effect of the October 2003 release is characterized sufficiently to
develop an appropriate remedy. Nevertheless, ROC will conduct any additional field testing
requested by NMOCD.

3 Samples for laboratory confirmation shall be collected from the bottom and side walls of
the final excavated area. The samples shall be analyzed for BTEX (8021), TPH (418.1 or
8015 GRO & DRO) and chlorides all using EPA approved methods.

Any NMOCD-directed investigation by ROC will follow appropriate scientific methods.

4. ROC shall install a barrier over the site to impede infiltration and prevent any further
migration of chlorides contamination. The barrier installation shall extend at least 10
feet horizontally past any remaining contamination. A suitable amount of clean top soil
similar to the pre-existing spill conditions shall be placed over the compacted clean
backfill material.

ROC has not and will not advocate a “no action” strategy. ROC had always intended to install a
vegetative cap over the site that would also direct runoff away from the underlying chloride mass.
This type of barrier will materially reduce the infiltration of precipitation. Because the HYDRUS-
1D experiments in the reports do not consider evapotranspiration, the predictions are very
conservative as aresult. As stated above, we will willing to conduct a simulation experiment
showing the effect of this proposed barrier as compared to excavation.

3. An interim report shall be submitted to the OCD within 10 days of the final excavation or
no later than August 15, 2005. This report shall contain the results of the analysis
requested in items 2 and 3 above. The report shall contain a log of events, waste
disposal manifest, photos, barrier design and conclusions. The excavated area shall not
be backfilled until ROC has requested OCD’s approval.
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We would be pleased to keep NMOCD apprised of all ROC actions on a regular basis.

6. ROC will notify the OCD Santa Fe office and the OCD District office at least 72 hours in
advance of all scheduled activities so that the OCD has the opportunity to witness the
events and/or split samples during OCD’s normal business hours.

We will inform NMOCD of any and all field activities.
We look forward to our meeting with you on Friday, July 15, 2005.

Sincerely,
R.T. Hicks Consultants, Ltd.

Sl

Randall Hicks
Principal

Copy:

William Carr
Carolyn Haynes
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NEW @EXICO ENERGY, M @/ERALS and
NATURAL RESOURCES DEPARTMENT

BILL RICHARDSON 3 Mark E. Fesmire, P.E.
Governor \ Director
Joanna Prukop Oil Conservation Division

Cabinet Secretary

July 08, 2005

Carolyn Doran Haynes
Rice Operating Company
122 West Taylor

Hobbs, New Mexico 88240

Re: ABO 1G Release Site OCD Case #1R0415
Unit Letter G, Sec. 1, T17S, R36E
Lea County, NM

- Dear Ms. Haynes:

The New Mexico Qil Conservation Division (NMOCD) is in receipt of Rice Operating Company’s (ROC)
Amended Corrective Action Plan dated March 2005 submitted by R.T. Hicks Consultants, Ltd. The plan
concluded that the produced water released represented no threat to ground water quality. These assumptions
were predicted by the utilization of the HYDRUS-1D model. The following three recommendations were
presented.

A. Not remove the thin layer of chloride-impacted soil from the site as was committed to in the
August 31, 2004 letter to NMOCD.

B. Import clean soil to accelerate re-vegetation of the site.

C. Monitor ground water on a quarterly basis for two years as outlined in the October 28, 2004
letter to the NMOCD in order to further verify the veracity of out predictions presented herein.

Site History:

The site is located within the City of Lovington’s municipal well field area located approximately 6
miles south of Lovington, NM in Lea County. The well field pumps fresh water from several wells
completed in the Ogallala aquifer. In October 2003 ROC reported a major release of 190 barrels of
produced water due to a pipeline failure. The report indicated that ROC recovered 130 barrels.

Oil Conservation Division * 1220 South St. Francis Drive * Santa Fe, New Mexico 87505
Phone: (505) 476-3440 * Fax (505) 476-3462 * http://www.emnrd.state.nm.us
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August 06, 2004, OCD sent ROC the following E-mail message:

OCD is in receipt of the corrective action plan dated June 07, 2004 submitted by RT Hicks.
Please note due to the close proximity to the City of Lovington's fresh water well field OCD feels
compelled to deny the plan as submitted. Please re-submit with a plan to remove the salt
contaminated soil within some practical limit. Please submit by August 13, 2004. The longer "no
action" is performed the deeper the salt will migrate into the vadose zone and a higher potential
of groundwater contamination exists. We will not accept a model that allows groundwater
contamination and dilution in this area. The model may be used after excavation to demonstrate
no further threat exist.

As of this date ROC has not complied with OCD’s request.
OCD has the following comments concerning the work plans:

L. ROC indicated this is a modeling experiment (page 3 March 2005 report).
OCD does not feel that it is appropriate to allow “experiments” in such a
sensitive area that may impact thousands of people in the city of Lovington.

2. OCD did not have the accessibility to run the model and therefore cannot
confirm the results.

3. The spill report showed a net release of 60 barrels. The actual investigation
revealed this release amount actually caused the vadose zone to be
contaminated down to a depth of approximately 46 feet in approximately one
year.

ROC’s model uses a spill input parameter of 500 barrels- almost ten times the
amount of the actual spill. In other words, the model assumes that it would
take a much larger release to cause contamination to a depth of 46 feet in one
year.

It is apparent that in this particular case the model results do not accurately
reflect the actual field conditions. OCD does not feel comfortable in accepting
the results of the model when input parameters differ so greatly from the
actual conditions.

4. ROC’s June 07, 2004 report indicated that the background concentration in
the caliche/upper vados zone was 300-ppm chlorides. . OCD received a
complaint from the City of Lovington concerning where the background
sample was taken. OCD does not believe that naturally occurring
background levels would be this high.

5. The chlorides contamination migrated down to a depth of 46 feet from
October 2003 to November 2004. The groundwater depth was reported at
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approximately 77 feet. The March 2005 report indicated that chlorides
contamination had moved an additional 30-60 cm. The June 07, 2004 report
(see page 6) states that “Deeper in the Vadose zone, fractures become barriers
to flow and deeply buried caliche behaves more like clay”. The March 2005
report (see page 5) reiterates that the chloride migration is impeded at the
depth of 35 to 36 feet by the one foot thick caliche layer. The report estimates
that the migration is about 2 feet per year and the chloride peak would reach
the groundwater in 35 to 42 years.

OCD’s experience in shallow vadose zone excavations (down to 50 feet) does
not support the theory that fractured caliche acts as a clay barrier. ROC’s plan
did not support this theory with any field data. In fact, OCD notes that the
chlorides contamination has migrated 46 feet in just one year. This is 10 feet
deeper than the caliche zone that is purported to act as a barrier. Based on the
limited information provided, OCD must reject the prediction that it will take
another 30-40 years to reach groundwater .

ROC’s plan is to monitor groundwater for only two years and then request
closure. This process does not correlate to the time that the model predicts
salt will enter the groundwater, i.e., 30-40 years. OCD feels there will be no
way to know if the model experiment is valid.

OCD and the City of Lovington recently collected soil samples and
discovered that high salt levels (i.e. chlorides up to 20,000 ppm) still remain in
the spill area. These results were approximately 4-5 times higher than ROC’s
results submitted via E-mail on October 01, 2004.

OCD understands that chloride mass is a very important input parameter to the
model. The March 2005 submittal included a plate 3 “Calculation of Chloride
Load” which showed the highest soil concentration to be 1161-ppm chlorides.
As pointed out above, surface soils had concentrations 10 times the value
shown on Plate 3. ROC did not justify why these values should not have been
included in the calculations.

The site has not been adequately delineated.

As aresult of the above issues and the fact that ROC has failed to take any corrective actions
as of to date, the OCD hereby denies the plan as submitted and requires ROC to take the
following corrective actions immediately:

1.

ROC shall remove a minimum of 10 feet of contaminated soil in the impacted
areas. This project shall start no later than July 22, 2005. All contaminated
soils removed from the site shall be disposed of at an OCD approved site.
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2. The site shall be delineated both horizontally and vertically. The delineation
parameters will be as follows: TPH - 100 ppm; chlorides - 250 ppm; and,
total BTEX - 100 ppm.

3. Samples for laboratory confirmation shall be collected from the bottom and
side walls of the final excavated area. The samples shall be analyzed for
BTEX (8021), TPH (418.1 or 8015 GRO & DRO) and chlorides all using
EPA approved methods.

4. ROC shall install a barrier over the site to impede infiltration and prevent any
further migration of chlorides contamination. The barrier installation shall
extend at least 10 feet horizontally past any remaining contamination. A
suitable amount of clean top soil similar to the pre-existing spill conditions
shall be placed over the compacted clean backfill material.

5. An interim report shall be submitted to the OCD within 10 days of the final
excavation or no later than August 15, 2005. This report shall contain the
results of the analysis requested in items 2 and 3 above. The report shall
contain a log of events, waste disposal manifest, photos, barrier design and
conclusions. The excavated area shall not be backfilled until ROC has
requested OCD’s approval.

6. ROC will notify the OCD Santa Fe office and the OCD District office at least
72 hours in advance of all scheduled activities so that the OCD has the
opportunity to witness the events and/or split samples during OCD’s normal
business hours.

Failure to perform the above requested actions will result in OCD setting this case for
a compliance hearing in front of an OCD hearing examiner. The OCD will ask for
corrective actions and civil penalties.

Sincerely; L

S
Roger Anderson-Environmental Bureau Chief
cc: OCD Hobbs Office

City of Lovington, NM
Daniel Sanchez- Compliance and Enforcement Manager




Price, Wayne ‘ ’

From: Sheeley, Paul _

Sent:  Monday, May 09, 2005 10:44 AM Ag’
To: 'Randall Hicks' / ﬂ & 4

Cc: Price, Wayne; Johnson, Larry; Williams, Chris

Subject: FW: Lovington Abo /

Randy,

will ge collecting samples at the Lovington ABO tomorrow Tuesday, May 10, 2005 at 09:00. Eddy Seay was contacted and will
ittend.

“hanks,

laul S

----Original Message-----

‘rom: Price, Wayne

sent: Friday, May 06, 2005 2:42 PM

fo: 'Randall Hicks'; Price, Wayne; Martin, Ed

=c: Kristin Farris Pope'; Sheeley, Paul; Patrick B. McMahon (E-mail); Martin, Ed; Mike Griffin (E-mail)
subject: RE: Lovington Abo

1i Randy, the city of Lovington has supplied OCD with soil surface samples that show high chlorides (11,000-22,000 mg/kg).

Jnless | missed something we did not see levels listed that high in your reports. So, | have requested the District office to go out and
:ollect samples early next week. If you want to split call Paul Sheeley (OCD). Once | get our sample results then our technical staff
vill determine a path forward hopefully that be satisfactory to all parties and will protect the environment. OCD considers this a high
rofile case since it is located in close proximity to the Lovington City fresh water well field. OCD is concerned about the amount of
ime that.has passed with no remedial action. OCD will make a decision very soon.

starting Last weelk OCD Environmental Bureau was instructed by our Bureau Chief that no files may leave the office but
:an be copied in our office for §.25 per copy.

I quickly reviewed the data base and did not find any Devon Projects near Buckeye. I do have two Devon projects
1R0432 and 1R0433 which included some analysis using the Hydrus 1D. These projects were both amended by the
contractor and basically turned out to be very large excavation projects which are still in progress. Both may have
groundwater contamination and reports are due in July 05. If they do have groundwater contamination then most
likely they will be subject to Rule 19.

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Friday, May 06, 2005 1:23 PM

To: 'Price, Wayne'; emartin@state.nm.us

Cc: 'Kristin Farris Pope'

Subject: Lovington Abo

Wayne

Here is what I understand you need for your evaluation of the Lovington Abo 1G spill site:
1. An photo or digital image of the original spill
2. Results of any surface soil analyses
3. A spill report — which I believe Kristin faxed to you.

If there is anything else we can do, let us know.

| As discussed earlier today, I would like a copy of the NMOCD file for the site that Jan Hendrickx
: told me that he performed some modeling. Jan suggested that it was a Devon site near Buckeye —

} 5/10/2005




a CD Dickerson site or something like that? &

By this email I am alerting Kinkd of Santa Fe to call Wayne Price at 476-3487 to schedule a time

for the file pick-up. In your absence, I am asking KINKOs to call Ed Martin at NMOCD to retrieve
the file.

Thanks

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to the
sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information is
intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by telephone and
return the original message to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

5/10/2005




Price, Wayne . . |
From: Randall Hicks [R@rthicksconsult.com] '
Sent: Monday, May 09, 2005 11:53 AM

To: 'Price, Wayne'

Cc: ‘Sheeley, Paul'; 'Kristin Farris Pope’
Subject: FW: Lovington Abo

Wayne

Thanks for the information. I hope to meet with Paul Sheeley in Lovington on another matter and perhaps we
can simply combine the trips. I am on the phone to Paul after I finish this.

With respect to surface soil samples, I understand that ROC did not collect surface samples for two reasons:

1. Soon after the release, one could easily see that the surface soil was coated with salt. Therefore,
surface samples would not provide more information than the photograph on the cover of the June
2004 report — the chloride concentration on the surface would be very high. The samples from
NMOCD confirm what the photograph shows.

2. More importantly from my perspective is the fact that the surface soils in the area range in
thickness from zero to, perhaps, six inches. You can see the rocks of caliche in the photograph and
when I walked the site much of the ground surface was predominantly fractured caliche. I think
that we all felt that the main mass of chloride would be below the fractured caliche, not in the thin
layer of overlying soil.

Therefore, we had no surface samples to report to NMOCD. We did have an analysis of the produced water,
the area of the spill and a relatively good guess as to the volume released. This data regarding the nature of
the spill also gave us sufficient confidence to proceed without detailed characterization of the thin surface soil.
We thought that even with high concentrations of chloride in the surface soil, the thin layer of soil would not
hold a large mass. We concentrated our efforts at characterization of the material beneath the fractured
caliche. ROC did take some surface soil samples, but these were taken after several rainfall events.

I fear that after the precipitation of 2004-05 that surface soil samples will provide little additional benefit over
the deep soil samples obtained from the monitoring well boring.

ROC and Hicks Consultants fully understand the importance of protecting the ground water resources of New
Mexico and we understand that the proximity of the water supply wells makes this situation worthy of careful
consideration by all parties. We are applying the best science to the problem to develop the best solution.
We appreciate your help and counsel.

Randy

From: Price, Wayne [mailto:WPrice@state.nm.us]

Sent: Friday, May 06, 2005 2:42 PM

To: 'Randall Hicks'; Price, Wayne; Martin, Ed

Cc: 'Kristin Farris Pope’; Sheeley, Paul; Patrick B. McMahon (E-mail); Martin, Ed; Mike Griffin (E-mail)
Subject: RE: Lovington Abo

Hi Randy, the city of Lovington has supplied OCD with soil surface samples that show high chlorides (11,000-22,000 mg/kg).
Unless | missed something we did not see levels listed that high in your reports. So, | have requested the District office to go

5/10/2005



out and collect samples early next week. If you want to split call Paul Sheeley (OCD). Once | get our sample results then
our technical staff will determine th forward hopefully that be satisfactory ti‘|all parties and will protect the environment.

OCD considers this a high profilc\@¥se since it is located in close proximity to Lovington City fresh water well field. OCD
is concerned about the amount of time that has passed with no remedial action.” OCD will make a decision very soon.

Starting Last week OCD Environmental Bureau was instructed by our Bureau Chief that no files may leave the office
but can be copied in our office for $.25 per copy.

1 quickly reviewed the data base and did not find any Devon Projects near Buckeye. I do have two Devon
projects 1R0432 and 1R0433 which included some analysis using the Hydrus 1D. These projects were both
amended by the contractor and basically turned out to be very large excavation projects which are still in
progress. Both may have groundwater contamination and reports are due in July 05. If they do have
groundwater contamination then most likely they will be subject to Rule 19.

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Friday, May 06, 2005 1:23 PM

To: 'Price, Wayne'; emartin@state.nm.us

Cc: 'Kristin Farris Pope'

Subject: Lovington Abo

Wayne
Here is what I understand you need for your evaluation of the Lovington Abo 1G spill site:

1. An photo or digital image of the original spill
2. Results of any surface soil analyses
3. A spill report — which I believe Kristin faxed to you.

If there is anything else we can do, let us know.

As discussed earlier today, I would like a copy of the NMOCD file for the site that Jan
Hendrickx told me that he performed some modeling. Jan suggested that it was a Devon
site near Buckeye — a CD Dickerson site or something like that?

By this email I am alerting Kinko of Santa Fe to call Wayne Price at 476-3487 to schedule a
time for the file pick-up. In your absence, I am asking KINKOs to call Ed Martin at NMOCD
to retrieve the file.

Thanks

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging
to the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The
information is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are
not the intended recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in
this electronic communication is strictly prohibited. If you have received this transmission in error, please notify us
immediately by telephone and return the original message to us at the address listed above. Thank you.

5/10/2005




This email has been sca.d by the Messagelabs Email Securitygiastem.
For more information please visit http://www.messagelabs.com/cN#il

Confidentiality Notice: This e-mail,including all attachments is for the sole use of the intended recipient(s) and
may contain confidential and privileged information. Any unauthorized review,use,disclosure or distribution is
prohibited unless specifically provided under the New Mexico Inspection of Public Records Act. If you are not the
intended recipient, please contact the sender and destroy all copies of this message. -- This email has been scanned

by the MessageLabs Email Security System.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email
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From: Price, Wayne

Sent:  Friday, May 06, 2005 2:42 PM

To: 'Randall Hicks'; Price, Wayne; Martin, Ed

Cc: 'Kristin Farris Pope'; Sheeley, Paul; Patrick B. McMahon (E-mail); Martin, Ed; Mike Griffin (E-mail)
Subject: RE: Lovington Abo

Hi Randy, the city of Lovington has supplied OCD with soil surface samples that show high chlorides (11,000-22,000 mg/kg).

Unless | missed something we did not see levels listed that high in your reports. So, | have requested the District office to go out and
collect samples early next week. If you want to split call Paul Sheeley (OCD). Once | get our sample results then our technical staff
will determine a path forward hopefully that be satisfactory to all parties and will protect the environment. OCD considers this a high
profile case since it is located in close proximity to the Lovington City fresh water well field. OCD is concerned about the amount of
time that has passed with no remedial action. OCD will make a decision very soon.

Starting Last week OCD Environmental Bureau was instructed by our Bureau Chief that no files may leave the office but
can be copied in our office for $.25 per copy.

I quickly reviewed the data base and did not find any Devon Projects near Buckeye. I do have two Devon projects
1R0432 and 1R0433 which included some analysis using the Hydrus 1D. These projects were both amended by the
contractor and basically turned out to be very large excavation projects which are still in progress. Both may have
groundwater contamination and reports are due in July 05. If they do have groundwater contamination then most
likely they will be subject to Rule 19.

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Friday, May 06, 2005 1:23 PM

To: 'Price, Wayne'; emartin@state.nm.us

Cc: 'Kristin Farris Pope'

Subject: Lovington Abo

Wayne
Here is what I understand you need for your evaluation of the Lovington Abo 1G spill site:

1. An photo or digital image of the original spill

2. Results of any surface soil analyses

3. A spill report — which I believe Kristin faxed to you.
If there is anything else we can do, let us know.
As discussed earlier today, I would like a copy of the NMOCD file for the site that Jan Hendrickx
told me that he performed some modeling. Jan suggested that it was a Devon site near Buckeye —
a CD Dickerson site or something like that?
By this email I am alerting Kinko of Santa Fe to call Wayne Price at 476-3487 to schedule a time
for the file pick-up. In your absence, I am asking KINKOs to call Ed Martin at NMOCD to retrieve
the file.

Thanks

Randy Hicks
505-266-5004 - office

| 5/6/2005




. 505-238-9515 - cell
Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to the
sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information is
intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic

communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by telephone and
return the original message to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

- 5/6/2005
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@ ARD l NAL PHONE (326) 873-7001 - 2111 BEECHWOOD - ABILENE, TX 79603
—

LABORATORIES T PHONE(N%)390.2026 - 107 € MARLAND - FOBBS, NM 88280

[

ANALYTICAL RESULTS FOR
EDDIE SEAY CONSULTING
ATTN: EDDIE SEAY

801 W. ILLINOIS

HOBBS, NM 86242

FAX TO: (505) 392-6949

Receiving Date: 05/04/05 Analysis Date: 05/05/05
Reporting Date: 05/05/05 Sampling Date: 05/04/05
Project Owner: CITY OF LOVINGTON Sample Type: SOIL
Project Name: RICE ABO SPILL SITE Sample Condition: COOL & INTACT
Project Location: S. OF LOVINGTON, NM Sample Received By: AH
Analyzed By: AH
cr
LAB NUMBER SAMPLE 1D (mg/Kg)
H9776-1 ABO #1 11037
H8776-2 . ABO#2 22793
He778-3 ABO #3 12796
Quality Control 970
True Value QC 1000
% Recovery 97.0
Relative Percent Difference 3.5
IMETHOD: Standard Methods | 4s00-cr |

Note: Analyses performed on 1:4 w,v aqueous extracts.

Casdinel's lisbillty and cliont's exciusive ramedy for any chkum ariolng, whethes bared in contract oc tort, shall ba timied 10 the AMEUN PRKS Dy ClieM 101 arulysos.
and any other CRUSS Whatgoever ohal Do deemad waivad unlasa made in writing and recetved by Cardinal wiihin thicty (30) days after complation of the applicatio

sorvice. oshali Cardinal ba Gadle for incidental or consaquential damages, CgIng, withoul imitation, business interruptions, fosa of use, or foas of profits (ncurred by chent, He subsidiaties,
affiiates or SUCOBSSOS BIIEING 0L Of Of retated 10 the PETONMANce of sevices hereunders by Cardingl. regardigns of whether auch claim is basad upon any of the abova-swater reasons or atherwise,
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Price, Wayne

From:
Sent:
To:
Subject:

Price, Wayne

Thursday, May 05, 2005 9:10 AM

Price, Wayne; Sheeley, Paul

RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Paul, please disregard the last sentence. It is important for OCD to determine the facts so we can make a sound decision.

From:
Sent:
To:
Subject:

Good Ideal,

Price, Wayne

Thursday, May 05, 2005 8:52 AM

Sheeley, Paul

RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Wait even longer if you wish. | think maybe even a week, that will give time for the salt residue to collect

at the surface. It is important for us to show that the salt is still there.

From:
Sent:
To:
Subject:

Sheeley, Paul

Thursday, May 05, 2005 8:49 AM

Price, Wayne

RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Wayne-The site is wet with rain. 1 will wait until it dry's out. Monday. Thanks-PS

From: Price, Wayne
Sent: Wednesday, May 04, 2005 3:39 PM
To: Price, Wayne; Sheeley, Paul

Cc: 'Patrick B. McMahon (E-mail)'; 'Eddie Seay (E-mail)'
Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e
Paul please sample for General Chemistry unless you see hydrocarbons then include BTEX and TPH.
----- Original Message---—
From: Price, Wayne
Sent: Wednesday, May 04, 2005 3:37 PM
To: Sheeley, Paul
Cc: Patrick B. McMahon (E-mail); Eddie Seay (E-mail)
Subject: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e
Dear Paul:

Please find enclosed a map and plot plan for this site. Please ASAP goto site and collect 4 surface sail
samples that show evidence of the sait water spill. If you can see visible salt on the surface please collect
in those areas or low areas where it may have pooled. Mark the plot plan and take photos of the sample
areas. The Rice-Hicks report has samples starting at 3 feet below the surface but nothing on the surface.
They are attempting to use a model to demonstrate "No Action” required.

This is in close proximity to the city of Lovington's fresh water well field and they are very anxious for this
to be resolved as is OCD. You might want to call Patrick McMahon or Eddie Seay to let them split
samples.

OCD considers this to be a very high priority since it may impact thousands of people.

Thanks for your help.

<< File: map and plot plan.doc >>

Sincerely:




Wayne Price

New Mexico Oil Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax:  505-476-3462

E-mail: WPRICE@state.nm.us




Price, Wayne

From: Sanchez, Daniel

Sent: Wednesday, May 04, 2005 3:43 PM

To: Price, Wayne

Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Sounds good to me. Keep me posted and keep on Paul to get those samples as soon as possible.

From: Price, Wayne
Sent: Wednesday, May 04, 2005 3:41 PM
To: Sanchez, Daniel

Subject: FW: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Daniel I has chosen to collect soil samples before proceeding. As soon as | get the resuits then we can make a logical
determination as to how this site needs to be cleaned-up.

From: Price, Wayne

Sent: Wednesday, May 04, 2005 3:39 PM

To: Price, Wayne; Sheeley, Paul

Cc: 'Patrick B. McMahon (E-mail)'; 'Eddie Seay (E-mail)'

Subject: RE: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Paul please sample for General Chemistry unless you see hydrocarbons then include BTEX and TPH.

From: Price, Wayne

Sent:  Wednesday, May 04, 2005 3:37 PM

To: Sheeley, Paul

Cc: Patrick B. McMahon (E-mail); Eddie Seay (E-mail)
Subject: Rice ABO IG release site 1R0415 UL G Sec 1-Ts17s-R36e

Dear Paul:

Please find enclosed a map and plot plan for this site. Please ASAP goto site and collect 4 surface soil samples
that show evidence of the salt water spill. If you can see visible salt on the surface please collect in those areas or
low areas where it may have pooled. Mark the plot plan and take photos of the sample areas. The Rice-Hicks
report has samples starting at 3 feet below the surface but nothing on the surface. They are attempting to use a
model to demonstrate "No Action" required.

This is in close proximity to the city of Lovington's fresh water well field and they are very anxious for this to be
resolved as is OCD. You might want to call Patrick McMahon or Eddie Seay to let them split samples.

OCD considers this to be a very high priority since it may impact thousands of people.

Thanks for your help.

<< File: map and plot plan.doc >>

Sincerely:

Wayne Price

New Mexico Oil Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax: 505-476-3462




E-mail: WPRICE@state.Qn.us




Price, Wayne

From: Kristin Farris Pope [enviro@leaco.net]
Sent: Wednesday, May 04, 2005 12:01 PM
To: Price, Wayne

Subject: Re: Rice ABO 1G 1R0415

found our analysis. I'll have to fax it.
Kristin

————— Original Message -----

From: "Price, Wayne" <WPrice@state.nm.us>

To: "'Kristin Farris Pope'" <enviro@leaco.net>
Sent: Wednesday, May 04, 2005 11:52 AM
Subject: RE: Rice ABO 1G 1R0415

> Please find attached OCD's analytical report. It's called ABO Apache I
hope this is the right one. I think the date of March 01, 2005 verifies.

vV V.V

————— Original Message-----

From: Kristin Farris Pope [mailto:enviro@leaco.net]
Sent: Wednesday, May 04, 2005 9:55 AM

To: Price, Wayne

Cc: Randall Hicks; Carolyn Haynes

Subject: Re: Rice ABO 1G 1R0415

faxed it today.

Kristin

VVVVVVVVVVYV

————— Original Message -----

> From: "Price, Wayne" <WPrice@state.nm.us>

> To: "Krisgtin Farris Pope (E-mail)" <enviro@leaco.nets
> Sent: Tuesday, May 03, 2005 4:26 PM
>
>

v

Subject: Rice ABO 1G 1R0415

>> In October of 2003 Rice filed a sprill report for this site. I am in the
>> process of reviewing the work plan and need a copy of the spill report.
>> Please submit by fax or E-mail.

>> Sincerely:

>> Wayne Price

>> New Mexico 0il Conservation Division
>> 1220 S. Saint Francis Drive

>> Santa Fe, NM 87505

>> 505-476-3487

>> fax: 505-476-3462

>> E-mail: WPRICE@state.nm.us

>> Confidentiality Notice: This e-mail, including all attachments is for the
>> sole use of the intended recipient(s) and may contain confidential and
>> privileged information. Any unauthorized review,use,disclosure or

>> distribution is prohibited unless specifically provided under the New

>> Mexico Inspection of Public Records Act. If you are not the intended

>> recipient, please contact the sender and destroy all copies of this

>> message. -- This email has been scanned by the MessageLabs Email

>> Security

>> System.
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This email has been scanned by the Messagelabs Email Security System.
For more information please visit http://www.messagelabs.com/email

Confidentiality Notice: This e-mail, including all attachments is for the
sole use of the intended recipient(s) and may contain confidential and
privileged information. Any unauthorized review,use,disclosure or
distribution is prohibited unless specifically provided under the New
Mexico Inspection of Public Records Act. If you are not the intended
recipient, please contact the sender and destroy all copies of this
message. -~- This email has been scanned by the MessageLabs Email Security
System.

This email has been scanned by the Messagelabs Email Security System.
For more information please visit http://www.messagelabs.com/email




MAY-04-08 08:01 From:8152218 16053930758 T-256 P.01 Job-T04

NEVMEXICO ENERGY, M@VERALS and
NATURAL RESOURCES DEPARTMENT

BILL RICHARDSON Mark E. Fesmire, P.E.
Governor Director

Joanna Prukop 0il Conservatlon Division

Cabinet Secretary
FAX
TO: V(/ (4/ M‘e
FROM: '
Re: Q\CQ — AR e Apacto GUMA
DATE: 5-4-05 Sau.?}ﬁﬁL‘S‘o 200

M. ch ()ml‘ ‘fn

NO. OF PAGES l« } INCLUDING COVERSHEET

Oil Conservation Division * 1625 N, French Drive ¥ Hobbs, New Mexico 88240
Phone: (505) 393-6161 * Fax (505) 393-0720 * http://www.emnrd.state nm us
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MAY-M-DE né:nz rFrorrni:siszzrlﬂ -IEGSSBSB;EB T-256 P.03 Job:m
CEANALYSIS, INC

6701 Aberdeen Avenue, Suite 9 Lubbock, Texas 79424  800¢378¢1236 B0Ge794¢12956 FAX 8067941298
188 McCutchean, Suite H El Paso, Texas 79932 606+588e3443 91558503443 FAX 91550504044
E-Mazil: Iab@traceanalysis.com

Analytical and Quality Control Report

Paul Sheeley Report Date:  March 11, 2008
New Mexico Qil Conservation Div.

1625 N. French Dr. Wortk Order: 5030209
Hobbs, NM 88240

Project Location: ABO Apache
Project Name: Rice GWM
Project Number: 050301

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
56076 0503011415 walter 2005-03-01 14:15 2005-03-02
56077 0503011420 wates 2005-03-01 14:20 2005-03-02

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

This report consists of a towal of 11 pages and shall not be reproduced except in its entirety, without written approval of TraceAnalysis,
Inc.

MJJ Qe

Dr. Blair Leftwich, Director

-




WAY-04-05 08:01 From:8152219

Report Date: March 11, 2005
050301

®

15053939758

‘Work Order: 5030209
Rice GWM

Page Number: 1 of 1
ABO Apache

T-256 P.02 Job-T84

Paul Sheeley

New Mexico Qjl Couservation Div,

1625 N. French Dr.

Summary Report

Repott Date: March 11, 2006

Work Order: 5030209

Hobbs, NM 88240

Q) A
Project Location: ABO Apache ‘Wo?., "
Project Name: Rice GWM 03/‘. el } y
Project Number: 050301 Lome
Date Time Date
Sample Description Matrix " ... Taken Taken Roceived
36076 06080114156 water . '2005-03-01 14:15 2005-03-02
56077 05603011420 water 2005-03-01 14:20 2005-03-02
BTEX
Benzene Toluene Ethylbenzene Xylene

Sample - Field Code (ms/L) (ma/L} (mg/L) (mg/L)

568076 - 0503011415 <0.00100 <0.00100 <0.00100 <0.00100
Sample: 56077 - 0503011420
Param Flag Result Units RL
Hydroxide Alkalinity T <1.00 mg/L 2z CaCal 1.00
Carbonate Alkslinity <1.00 mg/L as CaCo3 1.00
Bicarbonate Alkalinity 156 mg/L as CaCol 4.00
Total Alkalinity 156 wmg/L as CaCol 4.00
Specific Conductance 812 uMHOS /em 0.00
Chloride 99.6 mg/L 0.500
Fluoride 1.45 mg/L 0.200
Sulfate 79.5 wg/L 0.500
Nitrate-N 2.64 ng/L 0.200
pH 7.72 §.u. 0.00
Dissolved Caleium 98.0 me/L 0.500
Dissolved Magnesium 15.0 me/L 0.500
Dissolved Potassium 3.42 mg/L 0.600
Dissolved Sodium 45.1 mg/L 0.500
Total Dissolved Solids 508.0 mgjL 10.00

TracaAnalysia, Ino. » 6701 Aberdoen Ave., Buite 9 ¢ Lubbock, TX 79424-1615 = (806) 794-1256




WAY-04-08 08:02 From:8152218 16053039758 T-256 P.04 Job-T04

Report Date: March 11, 2005 Work Order: 5030209 Page Number: 2 of 11
050301 Rice GWM ABO Apache
Analytical Report
Sample: 56076 - 0503011415
Analysiss  BTEX Analytical Method: S 80218 Prep Method: S 5030B
QC Batch; 16375 Date Analyzed: 2005-03-04 Anzlyzed By: MS
Prep Batoh: 14469 Sample Preparation:  2005-03-04 Propared By: MS
RL
Parameter Flag Result Units Dilution RL
Benzene <0.00100 me/L 1 0.00100
Toluene <0.00100 mg/l 1 0.00100
Ethylbenzene <0.00100 mg/L 1 0.00100
Xylene <0.00100 mg/L 1 0.00100
Spike Percent Recovery
Surrogate Flag Result Units Dilution Amount Recovery Limits
Trifluoratoluene (TFT) 0.0876 mg/L 1 0.100 88 48.4-119
4-Bromofluorobenzene (4-BFB) 0.0911 mg/L I 0.100 91 17.1-138

Sample: 56077 - 0503011420

Analysie:  Alkalinity Analytical Method: SM 2320B Prep Method: N/A
QC Batch;: 16522 Date Analyzed: 2005-03-10 Anglyzed By: RS
Prep Batch; 14593 Sample Preparation: 2005-03-10 Prepared By: RS
RL
Parameter Flag Result Units Dilution RL
Hydroxide Alkalinity <1.00 mg/L as CaCo3 1 1.00
Carbonate Alkelinity <1.00 mg/L as CaCo3 1 1.00
Bicarbonate Alkalinity 156 mg/L as CaCo3 1 4.00
Total Alkslinity 156 mg/L as CaCo3 1 4.00

Sample: 56077 - 0503011420

Analysis;  Conductivity Analytical Method: SM 2510B Prep Method: N/A

QCBatch: 16406 Date Analyzed: 2005-03-04 Anealyzed By: RS

Prep Batch: 14480 Sample Preparation:  2005-03-04 Prepared By: WB
RL

Parameter Flag Resuly Units Dilution RL

Specific Conductance v pMHOS/cm | 0.00

Sample: 56077 - 0563011420

Analysis:  Jon Chromatography Analytical Method:  E 300,0 Prep Method: N/A
QCBatch: 16392 Date Analyzed: 2005-03-02 Analyzed By: WB
Prep Batch: 14396 Sample Preparation:  2005-03-02 Prepared By: WB

continyied ...




WAY=04-05 08:02 From:8152219

Report Date: March 11, 2005

16053930768

Work Order: 5030209

T-256 P.05/14 Job-T84

Page Number: 3 of 11

050301 Rice GWM ABO Apache
sample 56077 continued . ..

RL
Parameter Flag Result Units Dilution RL

RL
Parameter Flag Result Unlts Dilution RL
Chloride 99.6 mg/L 5 0.500
Fluoride 145 mg/L S5 0.200
Sulfate 79.5 mg/L § 0.500
Sample: 56077 - 0503011420
Analysis:.  NO3 (1C) Analytical Method:  E 300.0 Prep Method: N/A
QCBatch: 16392 Date Analyzed: 2005-03-02 Analyzed By: WB
Prep Baich: 14396 Sample Preparation: 2005-03-02 Prepared By: WB

RL
Parameter Flag Result Units Dilution RL
Nitrale-N 2.64 mg/L 5 0.200
Sample: 56077 - 0503011420
Anslysiss  pH Anglytical Method:  SM 4500-H+ Prep Method: N/A
QC Batch: 16335° Daws Analyzed; 2005-03-02 Analyzed By: RS
Prep Batch: 14431 Sample Preparation:  2005-03-02 Prepared By: RS

9sample rum in laboratory

RL
Parameter Flag Result Units Dilution RL
pH 7.712 s, 1 0.00
Sample: 56077 - 0503011420
Analysis:  Salts, Dissolved Analytical Method:  E 200.7 Prep Method: N/A
QCBatch: 16322 Date Analyzed: 2005-03-04 Analyzed By: RR
Prep Batch: 14385 Sample Preparation: 2005-03-03 Prepared By: TP

RL

Pararneter Flag Result Units Dilution RL
Dissolved Calcium 98.0 mg/L ] 0.500
Dissolved Magnesium 15.0 mg/L 1 0.500
Dissolved Potassium 342 mg/L 1 0.500
Dissolved Sodium 45.1 mg/L 1 0.500
Sample: 56077 - 050301142¢
Analysiss  TDS Analytical Method:  SM 2540C Prep Method: N/A
QC Batch: 16332 Date Analyzed: 2005-03-03 Analyzed By: WB
Prep Barch: 14419 Sample Preparation:  2005-03-02 Prepared By: WB




MAY-04-05 08:02 From:8152218

15053938758

T-256 P.06/14 Job-T84

Report Date: March 11, 2005 Work Order: 5030209 Page Number: 4 of 11
050301 Rice GWM ABO Apache
RL
Parameter Flag Result Units Dilution RL
Total Dissolved Solids 506.0 mg/L 2 10.00
Method Blank (1) QC Batch: 16322
MDL
Parameter Flag Result Units RL
Dissolved Calcium <0.102 mg/L 0.5
Dissalved Magnesium <0.110 mg/L 0.5
Dissolved Potassium <0.0454 mg/L 0.5
Dissolved Sodium <0.0114 mg/L ~ 0.5
Method Blank (1)  QC Baich: 16332
MDL
Paramneter Flag Result Units RL
Total Dissolved Solids <5.000 mg/L 10
Method Blank (J)  QC Batch: 16375
MDL

Parameter Flag Result Units RL
Benzene <D.000650 mg/l 0.001
Toluene <0.00101 mg/L 0.001
Ethylbenzene <0.000840 mg/L 0.00%
Xylene <0.000737 mg/L 0.001

Spike Percent Recovery
Surrogate Flag Result Units Dilution Amount Recovery Limits
Trifluorotoluene (TFT) 0.0999 mg/L 1 0.100 100 48.4-119
4-Bromofluorobenzene (4-BFB) 0.103 mg/L | 0.100 103 17.1 -138
Method Blank (1)  QC Batch: 16392

MDL
Parameter Flag Result Units RL
Nitrate-N <0.0217 mg/L 0.2
Method Blank (I)  QC Batch: 16392
MDL

Parameter Flag Result Units RL
Chioride <0.337 mg/L 0.5

continued . ..




MAY-04-05 08:02 From:8152218. 15053938758 T-256 P.07/14 Job-784

Report Date: March 11{, 2005 Work Order: 5030209 Page Number: 5 of 11
050301 Rice GWM ABO Apache
method blank coniinued . ..
MDL
: Egmcu:r Flng_ Result Uniis RL
Fluotide <0.0594 mg/L 02
Sulfate <0.409 mg/L 05

Method Blank (1) QC Batch: 16406

MDL
Parameter Flag Result Units RL
Specific Conductance 2.33 MMHOS/cm
Method Blank (1)  QC Batch: 16522
MDL
Parameter Flag Result Units RL
Hydroxide Alkalinity <1.00 mg/L as CaCo3 ]
Carbonate Alkalinity <1.00 mg/L as CaCo3 1
Bicarbonate Alkalinity <4.00 mg/L as CaCo3 4
Total Alkslinity £4.00 m&/l. as CaCo3 4
Duplicate (1)  QC Batch: 16332
Duplicate Sample RFD
Param Result Result Units Dilution RPD Limit
Total Dissolved Solids 1562 1544 mg/l 2 1 14.9
Duplicate (1)  QC Batch: 16335
Duplicate Sample RPD
Param Result Result Units Dilution RPD Limit
pH 722 722 s, 1 0 0.4
Duplicate (1)  QC Batch: 16406
Duplicate Sample RPD
Param Result Result Units Dilution RPD Limit
Specific Conductance 122000 122000 uMHOS/cm 1 0 24
Duplicate (1) QC Batch: 16522
Duplicate Sample RPD
Param Result Resuls Units Dilution RPD Limit
Hydroxide Alkalinity <1.00 <1.00 mg/L as CaCo3 1 0 20

continued . . .




From:8152219_

MAY-04-05 08:03

150539393

T-256 P.08/14 Job-T94

Report Date: March 11, 2005 Work Order: 5030209 Page Number: 6 of 11
050301 Rice GWM ABO Apache
duplicate continued ...
Duplicate Sample RPD
Param Result Result Units Dilution RPD Lumit
Carbonate Alkalinity <1.00 <1.00 mg/L as CaCo3 1 0 20
Bicarbonate Alkalinity 42.0 42,0 mg/L as CaCo3 1 0 20
Total Alkalinity 42.0 42.0 mg/L as CaCo3 ] 0 4.6
Laboratory Control Splke (LCS-1)  QC Barch: 16322
LCS LCSD Spike Matrix Rec. RPFD
Param Result Result Units Dil.  Amount  Result  Rec. RPD Limit Limit
Dissolved Calcium 50.3 514 mg/L 1 50.0 <0.102 101 2 884-107 20
Dissolved Magnesium 50.7 50.9 mg/L 1 50.0 <0.110 101 0 85-112 20
Dissolved Potassium 50.5 522 mg/L 1 50.0 <0.0454 101 3 88-113 20
Dissolved Sodium 50.3 52.1 mg/L 1 50.0 <0.0114 101 4 90.9-112 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate resuit.
Laboratory Control Spike (LCS-1)  QC Batch: 16375
LCS LCSD Spike Matrix Ree. RPFD
Param Resub  Result Units Dil.  Amoumt Result Rec. RPD Limit Limit
Benzene 0.0087 0.0966 mg/L 1 0.100 <0.000650 59 2 81.9-114 20
Toluene 0.104 0.101 mg/L ] 0.100 <0.00101 104 4 82.8-112 20
Ethylbenzene 0.102 0.103 mg/L ] 0.100 <0.000840 102 0 822-111 20
Xylene 0.274 0.260 mg/L I 0.360 <0.000737 91 S 835-112 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
LCs LCSD Spike Lcs LCSD Reo.
Surrogate Result Result Units Dil. Amount Rec. Rec. Limit
Trifluorotaluene (TFT) 0.0982 0.0964 mg/L 1 0.100 o8 o6 48.4-119
4-Bromofluorobenzene (4-BFB) 0.0944 0.0916 mg/L 1 0.100 94 92 17.1-138
Laboratory Control Spike (LCS-1)  QC Batch: 16392
LCS LCSD Spike Matrix Rec. RPD
Param Result Result Units Dil Amount Result Rec. RPD Limit Limit
Nitrate-N 2.36 2.45 mg/L ) <0.0217 94 L 90 - 110 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Laboratoery Control Spike (LCS-1)  QC Batch: 16392
LCS LCSD Spike Matrix Rec. RPD
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit
Chloride 11.9 12.0 mg/L 1 125 <0.337 95 1 90-110 20
Fluoride 2.36 239 mg/L 1 2.50 <0.0594 94 1 90-110 20
Sulfate 12.2 122 mg/L 1 12.5 <0.409 98 0 90-110 20

Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
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Matrix Spike (MS-1)  QC Batch: 16322  Spiked Sample: 56077

MS  MSD Spike  Mamix Rec. RPD
Param Result Result Units Dil. Amount Resnit Rec., RPD Limit Limit
Dissolved Calcium ! 164 159 mg/L 1 50.0 o8 132 3 75-125 20
Dissolved Magnesium 69.8 65.9 mg/L 1 50.0 15 - 110 6 75-125 20
Dissolved Potassium 60.4 555 mg/L 1 50.0 342 114 8 75 -125 20
Dissolved Sodium 10 96.3 mg/L 1 50.0 45.1 112 S 75-125 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result,
Matrix Spike (MS-1)  QC Batch: 16392  Spiked Sample: 56100
MS MSDh Spike Matrix Rec, RPD
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit
Nitrate-N 253 254 mg/L 100 2.50 27.1 90 0 78.8-116 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result,
Matrix Spike (MS-1)  QC Batch: 16392  Spiked Sample: 56100
MS MSD Spike Matrix Rec. RPD
Param Result Result Units Dil. Amount Result Rec. RPD Limit Limit
Chloride 1590 1630 mg/L 100 12.8 453 91 2 70.7-124 20
Fluoride 238 252 mg/L 100 2.50 144 89 6 70.9-126 20
Sulfatc 2570 2580 n’lg/_k 100 12.5 1370 96 0 82.5-123 20
Percent recovery is based on the spike result. RPD is based on the spike and spike duplicate result.
Standard (ICV-1) QC Batch: 16322
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Dissolved Calcium mg/L 50.0 51.7 103 95 - 105 2005-03-04
Dissolved Magnesium mg/L, 50.0 519 104 95-105 2005-03-04
Dissolved Potassivm mg/L 50.0 51.0 102 95 - 105 2005-03-04
Dissolved Sodium mg/L 50.0 51.9 104 95- 105 2005-03-04
Standard (CCV-1)  QC Batch: 16322
CCVs CCVs CCvs Percent
True Found Percent Recovery Date
Param Flag Unils Conc. Conc. Recovery Limits ' Analyzed
Dissolved Calcium mg/L $0.0 51.9 104 90-110 2005-03-04
Dissolved Magnesium mg/L 50.0 50.8 102 90-110 2005-03-04
Dissolved Potassium mg/L 50.0 484 97 90 - 110 2005-03-04
Dissolved Sodium mg/L 50.0 48.6 97 90-110 2005-03-04

Standard (ICV-1) QC Batch: 16332

"Matrix apike ies ous of 1 limits due to matrix apike being dituted out. Uso LCS/LCSD tv domonztres analysis is under conmoL.
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ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 998.0 100 90-110 2005-03-03
Standard (CCV-1)  QC Batch: 16332
CCVs CCVs CCVs Petcent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Total Dissolved Solids mg/L 1000 <5.000 90-110 2005-03-03
Standard AICV-1)  QC Batch: 16335
ICVs ICvs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
pH S\ 7.00 6.99 100 98- 102 2005-03-02
Standard (CCV-1)  QC Batch: 16335
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Cong. Cone. Recovery Limits Analyzed
pH £u, 7.00 6.98 100 98 - 102 2005-03-02
Standard (CCV-1)  QC Batch: 16375
CCVs CCVs CCVs Petcent
True Found Percent Recovery Date
Param Flag Units Cone. Conc. Recovery Limits Analyzed
Benzene mg/L 0.100 0.0969 97 85-115 2005-03-04
Toluene mg/L 0.100 0.0976 98 85-115 2005-03-04
Ethylbenzene mg/L 0.100 0.100 100 85-115 2005-03-04
Xylene mg/L 0.300 0.266 88 85118 2005-03-04
Standard (CCV-2)  QC Batch: 16375
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Benzene mg/L 0.100 0.0976 o8 85-115 2005-03-04
Toluene mg/L 0.100 0.0988 99 85-115 2005-03-04
Ethylbenzene mg/L 0.100 0.102 102 85-11s8 2005-03-04
Xylene mg/L 0.300 0.272 90 85-115 2005-03-04
Standard QCV-1)  QC Batch: 16392
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1CVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Nitrate-N mg/L 2.50 240 96 90-110 2005-03-02
Standard (ICV-1) QC Batch: 16392
ICVs 1ICVs ICVs Percem
True Found - Percent Recovery Date
Param Flag Units Cone. Cone. Recovery Limits Analyzed
Chioride mg/L 12.5 11.9 95 90-110 2005-03-02
Fluoride mg/L 2.50 241 96 90-110 2005-03-02
Sulfate mg/L 12.5 12.1 97 90-110 2005-03-02
Standard (CCV-])  QC Batch: 16392
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Nitrate-N mg/L 2.50 2.50 100 90-110 2005-03-02
Standard (CCV-1)  QC Barch: 16392
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Litnits Analyzed
Chlonide mg/L 12.5 12.2 98 90-110 2005-03-02
Fluoride mg/L 2.50 247 99 90-110 2005-03-02
Sulfate mg/L 12.5 12.1 97 90-110 2005-03-02
Standard (ICV-1)  QC Batch: 16406
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Specific Conductance #MHOS/cm 1410 1430 101 90-110 2005-03-04
Stapdard (CCV-1)  QC Batch: 16406
CCVs CCVs CCVs Percent
True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed
Specific Conductance HMHOS/cm 1410 1390 98 90-110 2005-03-04
Standard ICV-1)  QC Batch: 16522
ICVs ICVs ICVs Percent
True Found Percent Recovery Date
Param Flag Units Cone. Conc. Recovery Lindits Analyzed
Total Alkalinity mg/L as CaCo3 250 242 97 90-110 2005-03-10
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Standard (CCV-1) QC Batch: 16522

CCVs CCVs CCVs Percent

True Found Percent Recovery Date
Param Flag Units Conc. Conc. Recovery Limits Analyzed

Tota] Alkalinity mg/L as CaCo3 250 240 96 90-110 2005-03-10
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March 25, 2005

Amended Corrective Action Plan

LOVINGTON ABO
1G RELEASE SITE

Prepared for:

Rice Operating Company
122 West Taylor
Hobbs, NM 88240




1.0 SUMMARY

In November 2004, Hicks Consultants oversaw sampling of the vadose
zone and installation of a monitoring well at the Lovington Abo 1G site.
We conducted the field activities in accordance with industry standard
protocols and our work was consistent with our workplan, which
NMOCD approved on November 4, 2004. This document is an amend-
ment to the June 2004 Corrective Action Plan

COur analysis of the data from the November field program consisted of
the following:

1. Addition of October 2003 to December 2004 weather data to the
47-year weather record of our previous simulation. This data
addition allowed HYDRUS-1D simulations to reflect the effect of
the recent unusually heavy precipitation in the area.

2. Using the original hydrologic input data of our simulation pre-
sented in our June 2004 report and the new weather data, we
allowed HYDRUS-1D to refine the original predictions,

3, Careful lithologic examination of cultings and core from the
November monitoring well boring and evaluation of penetration
rates allowed us to refine the lithologic profile data employed in
our June 2004 Report. We used this more accurate lithologic
profile as input to an additional HYDRUS-1D simulation, as
described below.

4. Because the newly-drilled well (LA MW-1) is only a few meters
from the original boring SB-1, we used the vertical migration of
the chloride in the upper vadose zone, the weather data for the
period between these two sampling events, and the more accurate
lithologic data to calibrate our final HYDRUS-1D simulation to the
tield data.

When we compared the predictions of the original June 2004 simulation
with a calibrated simulation that employed the recent weather data (#4
above) we found:

a. Neither simulation suggests that the produced water release poses
a threat to ground water quality.

b. The calibrated simulation predicted a maximum chloride concen-
tration in ground water of less than 175 mg/L whereas the 2004
simulation predicted less than 250 mg/L. This difference is due to




d.

CORRECTIVE ACTION PLAN A

a mathematical error in our 2004 simulation input data. Because
of the error our 2004 simulation overestimated the volume of the
release. In our 2004 report, the simulation employed an unrealis-
tic release volume of more than 1,000 barrels, although the text of
our report stated that we employed a spill volume of about 500
barrels. The 2005 calibrated simulation employed a release vol-
ume of 500 barrels, which is consistent with our evaluation of the
field data.

The June 2004 simulation predicted a maximum chloride concen-
tration in ground water (estimated at 77 feet to ground water in
2004) about 30 years from now. The calibrated simulation sug-
gests the highest chloride concentration in ground water (mea-
sured in 2005 at about 90 feet from land surface) will occur about
35 years from present.

The unusually heavy precipitation from November 2004 to No-
vember 2005 caused the chloride center of mass in the upper
vadose zone (about 2 meters below land surface) to move about 60
cm deeper into the profile (according to the sampling results). In
the deeper vadose zone, at a depth of about 4 meters, chloride
migration was less than 30 cm for this same time.

The calibrated model suggests that natural restoration of the root
zone (0-2 meters) will occur in approximately 11 years.

Importation of clean soil may accelerate surface restoration of the
site and further minimize the predicted impact to ground water
quality.

MEND ME



2.0 RESULTS OF FIELD
ACTIVITIES

Plate 1 presents a site map showing the location of LA MW-1 relative to
the other borings and samples obtained at the site. Table 1 presents the
analyses of field samples from the vadose zone during the

construction of the monitoring well. Figure 1 compares the
chloride concentration versus depth for SB-1 (November 2003) LA MW-1
and LA MW-1 (November 2004). The lithologic log of MW-1 | INOV. 5, 2004 |
and that of SB-1 are included in Plates 2 & 3. Depth | Chloride| PID
(feet) | mg/kg | ppm
The lithology of LA MW-1 is primarily a very fine-grained s 1245 53
sand silt interbedded with a complex series of caliche beds (See -~
Plate 2). Layers featuring some caliche exist from 0.5 to 10 feet 11 352 7.3
bgs, 33 to 44 feet bgs, and 53 to 60 feet bgs. In addition to 16 1307 52
these zones, three well indurated layers of caliche exist at 0.5 N 905 8.2
to 3 feet bgs, 15 to 17 feet bgs, 20 to 22 feet bgs, and 35 to 36 % 741 1.1
feet bgs. There also exists a well indurated layer of sandstone 3N 193 Ul'i
at 67 to 68 feet bgs. X - -
36 566 0.8
As stated in our June 2004 Report, at the SB-1/LA MW-1 41 126 13
location, there exist two chloride masses. The lower chloride 16 83 20
mass at 15 feet bgs at this location is the result of an earlier '
release event which we believe flowed only several melers ol 4 10
from the ruptured line. Other boreholes show a chioride v. 61 59 24
depth signature that reflects the effect of the October 2003 spill 71 50 29
only: a center of mass at 5 feet below land surface and near- 81 59 37
background chloride concentrations below 7 feet. Because a ol 55 27
chloride center of mass at SB-1/LA MW-1 resides at a depth of -

15 feet below land surface, chloride movement is not materi- Table 1. Analyses of
ally affected by upward wicking due to evaportranspiration. This mass samples from the vadose
resides above and within the well indurated caliche at 15 to 17 feet bgs. zome,

There exists a similar retardation of chloride movement by the caliche

layer at 35 to 36 feet bgs, As a note, we employed the observed chloride

transport rates at these depths to calibrate the HYDRUS-1D simulation.

The density of chloride measurements from the ROC November 2003
field program is quite good and clearly defines the location of the chlo-
ride center of mass at the SB-1 location. The data from the November
2004 event at LA MW-1 does not allow us to identify the center of chlo-
ride mass with the same degree of precision, but for the purposes of our
modeling experiment, the data are more than sufficient.
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Figure 1 shows that peak measured chloride concentration of the upper
chloride center of mass has migrated approximately two feet downward
in the 12-month period (November 2003 to November 2004). We believe
that the recent rain events may have temporarily created saturated flow
in the upper soil profile moving the chloride into the sand and caliche
layer below the upper fractured caliche.

The minimum chloride concentration between the two masses was at a
depth of approximately 8 feet bgs in November 2003 and was located at
approximately 11 feet bgs in November 2004. The chloride at these
depths is within a very fine-grained sand silt featuring little caliche.
Considering sampling depth approximations, this suggests a chloride
migration rate of two to three feet per year.

The recent precipitation did not affect the downward migration of the
2003 peak chloride concentration (at 15 feet) in the same manner. As
Figure 1 implies, the 2004 peak chloride concentration is at a depth of 16
feet, suggesting a migration rate of approximately one foot per year

At 35 to 36 feet bgs we note virtually identical chloride concentrations
from both drilling events. At this depth, a hard caliche layer exists.




These malerials feature extremely low hydraulic conductivities acting as
barriers to flow. Below this caliche layer, chloride concentrations decline
to background levels,

We conclude that the recent precipitation events have resulted in move-
ment of the upper chloride mass downwards about 2 feet. The minimum
chloride concentration has migrated downwards two to three feet. The
lower mass of chloride has migrated downwards about one foot through
the caliche at this horizon. A lower rate of chloride migration is present
at the 35 to 36 foot caliche layer. The rates of chloride migration, when
weighted by thickness of soil material, suggest a rate of chloride migra-
tion of about two feet per year. Using this estimate, the peaks of chloride
concentration will enter ground water about 35 years and 42 years from
now.

Basin Environmental obtained samples from LA MW-1 on 12/3/04 and
on 3/1/05. The results of these samples are presented in Table 2. As
expected, the results show no evidence of ground water impact. Please
note that the results of both analysis are in general agreement. The TDS
result from the 3/1/05 sampling was analyzed outside of the “hold
time”, but we are confident that the result is representative. Additional
ground water sampling is proposed later in this Corrective Action Plan
Ammendment.

Table 2. Grownd Water Analyses LA MW-1

Date Sampled | C1 [TDS|S04] Ca [ Mg K | Na Benzene | Toluene | Ethylbenzene | Xylenes

pm) (ppb)
3/1/2005 120 | 532 | 918|852 13.5| 5.1 | 483 ND ND ND ND
127372004 B0.5 | 329 | B5.7 | 60 | 12.9) 2.6 | 424 ND ND ND ND




3.0 SIMULATION OF CHLORIDE
FATE AND TRANSPORT

SUMMARY OF JUNE 2004 SIMULATIONS

Our June 2004 report predicted the chloride concentration soil profile
shown in Figure 2. This simulation did not employ climate data that
correlated with the time between the release and the time of the sam-
pling. The period between the release and the sampling is characterized
by greater precipitation than what was in the climate record employed
for this original HYDRUS-1D simulation. In arid climates, the transport
of chloride in the near-term (weeks or months) depends upon weather
while the long-term transport depends upon climate. Therefore, it can
be difficult or impossible to compare actual field data with predicted
chloride values unless the simulation uses the weather data for the
period in question. Despite the difference in weather data, we adjusted
the hydraulic properties of the 2004 vadose zone model such that the
center of chloride mass for the field data and the prediction were rela-
tively close (Figure 2). Because of this field verification, we felt suffi-
clently confident to make predictions of the long-term impact to ground
water. The June report predicted a chloride concentration v. time for a
10-foot thick aquifer would resemble Figure 3,

Spdows VB @ B8 R0 Tems s PEE Swie

Figure 2. Cldoride concen-
tration soll profile predic-
tion from June 2004 report




Figure 3 shows that chloride concentration in a monitor well immedi-

ately adjacent to the spill site will reach a maximum chloride concentra-

tion of about 240 ppm in 2033 - if the aquifer is 10 feet thick. If chloride

mixes in the entire 130-foot thick aquifer of the area, then the June report

simulation predicted a response shown in Figure 4. In our investigations

of other areas of Lea County, we have found that chloride mixes

throughout the aquifer and we maintain that Figure 4, which shows a

maximum chloride concentration less than 120 ppm, better represents Figure 3. Chloride concen-
the potential chloride concentrations in ground water near the site based tration assuming an aquifer
upon the input available to us in June 2004, thickness of 10 feet.
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Figure 4. Chloride concentration assuming an aquifer thickness of 130 feet.




INPUT FOR JANUARY 2005 SIMULATIONS

Because the release lies adjacent to water supply wells for the City of
Lovington, NMOCD expressed concern with the level of certainty associ-
ated with the 2004 modeling exercise. NMOCD requested the monitor-
ing well and vadose zone sampling program presented in the previous
section of this CAP ammendment. Because of this new data, we were
able to increase the certainty of the modeling exercise in several ways:

1. We acquired and installed the weather data for Hobbs, New
Mexico from October 1, 2003 to November 6, 2004 into the
HYDRUS-1D simulation for the site. This data is collected ap-
proximately 12 miles south of the spill site. As data from the
Lovington Airport is not complete for these dates, this is the
closest available weather data to the site. We then began the
simulation using weather data for October 2003, when the release
actually occurred, The input data in the June 2004 report was
used with this new weather data to determine the importance of
this new data on the prediction of ground water quality, An
amount of chloride corresponding to 500 barrels at 20,000 ppm
chloride was installed in the soil profile with a distribution shape
similar to the SB-3 chloride profile. Appropriately dated atmo-
spheric data was installed. This is 2005 Simulation #1.

ra

Because of the need for certainty, we collected a very detailed
description of the vadose zone for the MW-1 boring (See Plate 2).
This improved vadose zone profile data was used in a second
simulation. To calibrate the model, the chloride concentration data
obtained by ROC at SB-1 in their November 2003 field event was
installed as an initial condition. We then ran the model for one
year with the November to November Hobbs weather data, We
made slight adjustments to the hydraulic properties in order to
calibrate the 2005 model predictions to the chloride migration
observed in the field data. Into this field calibrated model, we
installed a chloride load of 500 barrels at 20,000 ppm in the soil
profile that we consider representative of the site. This is 2005
Simulation #2

In a forthcoming CD, we will provide the input parameters for both of
the simulations.

CORRECTIVEACTION FLAN AMENIIMEN] LOWMINGTON ABD 16 RELEASE SITE
March 200%




Figure 5. Predicted chlonde
RESULTS OF JANUARY 2005 SIMULATIONS mﬁmrm ioms of Jamuary 2006
Figure 5 plots the pre- .
dicted chloride concen-
trations of Simulations 1 ENRRRAOR A TIRNOR 751 N " V. B
(data shown in a solid PP ——
]jne} and Simulatit}n 2 ;ll ﬂl.“ . EF I|I-I-I?IJ'l g3 (i r._- oah i-.l il ]
(calibrated simulation, '
line marked with dia- -
mands) versus the ‘ T
observed field data .
obtained in November ’ W T
2003 (SB-1, dashed line) = e LA Spmen 200004 . 0
and November 2004 i remenfopeeet el
(MW-1, dashed line ‘+-. A e —
with triangles). See Plate A -‘u:-‘.__.,\ P o
4 for the full profiles. oy =58 05 S5 S M SRR I S K ‘)
According to Figure 1 of ' :,) ,
this submission, the " . 7
upper center of chloride » L\l

mass moved down-

wards about two feet

during the period between the sampling of SB-1 and the sampling of LA
MW-1. The lower chloride mass moved slightly over one foot within the
caliche layer at 15 to 17 feet bgs during this time interval. Clearly the
density of data represented in Figure 1 introduces some error to these
estimates. For the purposes of this report we accept these estimates and
assume that Figure 1 shows the actual migration rate of the chloride

The HYDRUS-1D 2005 Simulation #1, run with the recent Hobbs
weather data shows a dispersion of the upper chloride mass (See Figure
5) for November 2004. The lower chloride mass also shows dispersion

along with a downwards migration of the peak chloride concentration to
a depth of 17 feet.

In our calibrated HYDRUS-1D 2005 simulation #2, the center of the
upper chloride mass migrated about 1.5 feet downwards from November
2003 to November 2004, The minimum chloride concentration has
migrated slightly over one foot downwards. The center of the lower
chloride mass migrated 1.1 feel in the same time interval, about 10
percent more than observed.

This model was calibrated by using extremely conservative dispersion
coefficients. We believe that the model’s conservative prediction of the
rate of movement of chloride in the upper ten feet of the soil profile are




due to the difficulty of accounting for the hydraulic properties of the
uppermost fractured caliche bed. These fractures act as aids to flow in
saturated conditions and as a hindrance to flow during the unsaturated
conditions between severe precipitation events. We believe that the rate
of movement of the lower chloride mass demonstrates a good agreement
of the model with the field data,

Because we see a match
between the 2004 field Chimrda Terseatratiee m ie Gy sses tee A6s 10 Bamise Ba

LR LI T e 1

chloride concentrations

and the predicted chlo- oy
ride concentration of '
Simulation #2, we believe
that the HYDRUS-1D
2005 Simulation #2 is a
better representation of
the situation. Vertical
migration rates and _
preservation of the two " ! | |
separate chloride concen- ' ! : | | | | |
trations are clearly a ' . L " LN L " - " 108
better match to Held

data.

iy

Figure 6. Chlonide concen -

The prt‘dichr.m of tioma predicted for simlation 1
chloride concentrations

in ground water for OS5 S G R o S

each simulation are not

materially different. "

Figure 6 shows the

predicted results for -

Simulation #1 and
Figure 7 shows the
results for Simulation

#2. As mentioned i

earlier, Simulation #1 - —
allows more dispersion.

As such, the spread out ' : :

pulses of chloride have
an earlier effect on
chloride concentrations
in the aquifer. Peak concentrations of chloride are reduced within the
aquifer. Finally, the dispersed pulse of chloride also effects aquifer chlo-
ride concentrations for longer time.

Thme in Toain

Figure 7. Chiorude conceritra-
Hons predicted tn stmeulittion 2




Simulation #2, with very conservative dispersion coefficients preserves
higher chloride concentrations. The results are that aquifer chloride
concentrations are effected later in time; peak concentrations are higher;
and that the time interval for which aquifer chloride concentrations are
effected is shorter. In neither case do the simulations predict an increase
of chloride concentration in the aquifer above 175 mg/|




4.0 CONCLUSIONS AND
RECOMMENDATIONS

The field data and revised HYDRUS-1D predictions continue to support
the conclusions and recommendations presented in the 2004 Report:

The produced water release represents no threat to ground water
quality.

b

The center of chloride mass associated with the release will mi-
grate very slowly through the vadose zone, reaching the water
table in about 30-60 years if vegetation does not return to the
surface.

3. If the surface is re-vegetated, the rate of chloride migration and
the impact to ground water will be less than predicted by the
HYDRUS-1D simulations.

4. Removal of the thin layer of soil at the site will reduce the chloride
load but will create no material environmental benefit because the
residual chloride in the vadose zone will not cause ground water
to exceed the New Mexico Ground Water Standards

wun

Importation of clean soil may accelerate surface restoration of the
land. We do not believe that weather patterns could allow the
chloride mass observed at 5-feet below land surface to wick up-
ward and cause sterilization of imported soil.

We recommend that ROC:

A. Not remove the thin layer of chloride-impaired soil from the site
as stated in the August 31, 2004 letter to NMOCD,

B. Import clean soil to accelerate re-vegetation of the site,
C. Monitor ground water on a quarterly basis for two years as

outlined in the October 28, 2004 letter to the NMOCD in order to
further verify the veracity of our predictions presented herein
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Lithologic
Description

0-1f Top Soil

10 feat

20 feet -

30 feet —

40 feel —_—

1-22 R

22-31
Sand & Caliche

31450

Measured Soll Calculated
Chioride Bulk Density Chioride Mass
Concentration of Sample Thickness of in Column
mgikg kg/m3 Column (f) [kgim2)
525 1858 10 3.23
1088 1858 1" T.37
1161 1858 5 3.57
636 1858 4 1.57
573 1858 7 247
236 1858 7 1.02

Calculated Chionde Load

1922

R.T. Hicks Consultants,
Ltd.
901 Rio Grande NW
Albuquerque, NM

RICE Operating Company

Plate 3 Soil Bore #1

Calculation of Chioride Load, Abo Leak, Lea
County, New Mexico

Mar-05
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RICE Operating Company

122 West Taglor
Hobbs, NM 88240
Phone: (503)5035-0174
Fax: (50D) 597-1471
10 FROM |
Wayne Price Keetin faccis Pape
FAXNUMBER DATE ‘
{(505) 416-34.3 S-t-05
COMRANY, TOTALNO.OF PAGE INCLUDING COVER
NMach 5
RE:
Abo leak [t%p(*
NOTES/COMMENTS

THISPAGE-THANK YOU

IFYOU DO NOT RECEIVE ALL PAGES INCLUDED, PLEASE CALL THE OFFICEPHONE NUMBERLISTED ATTHETOP OF
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RICE Operating Company

122 West Taylor * Hobbs, New Mexico 88240
Phone: (505)393—9174_ e Fax: (505) 397-1471

October 20, 2003

Paul Sheeley

NMOCD Hobbs Office
1625 N. French Drive
Hobbs, New Mexico

Re:  ABO SWD System
UL G-Sec 1 T17S R36E
Lca County, New Mexico

Dear Mr. Paul Sheeley:

Rice Operating Company (ROC) discovered an accidental discharge at the above referenced site
the occurred on October 18, 2003. The failure occurred when a 4” poly line spilt at the fusion
point. The release consisted of approximately 200 bbls of produced water affecting 30, 818
square feet. 130 bbls were recovered. Landowner, City of Lovington, has been notified ROC is
evaluating the site to determine the remedial plan of action.

ROC requests approval of this C-141 form as an initial report. If you have any questions, please
call me at the above number.

Sincerely,
7

Jof Gatts

Environmental Technician

Enclosed: C-141 Initial Report
Copy of Initial Spill
Generic Spill and Leak Plan
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Lastrict . State of New Mexico ‘ Form C-141
P.0. Box 1980, Hobbs, NM 88241-1980 Energy. Minerals & Namral Resources Deparuent Originated 2/13/97
jet I OTL, CONSERVATION DIVISION
311 Zouth First, jartesin, NM 83210 2040 South Pacheeo Submit 2 copies ro
istri Santa Fe, NM 87505 Appropriate Districl
1000 Rio Brazos, Aztee, NM 87410 OPERATOR'S MONTHLY REPORT Office in sccondance
Digmrice IV wnhun!ellﬁon
2040 South Pacheco, Santa Fe. NM 87503 back side of form
Rclease Notification and Corrective Action
OPERATOR = Initial Report £ Final Report
Name Contact
Rice Operating Company Joe Gatts
Address ‘Telephone No.
122 West Taylor Hobbs, NM 88240 505-393-9174
Facility Name Facility Type
ABO SWD Disposal Line
Surface Owner Mincral Owner Lease No.
City of Lovington -
LOCATION OF RELEASE
Unit Letter Section Township Range Feer from the Narth/South linc Feer from the East/West Linc County
G 1 178 36e LEA
NATURE OF RELEASE
Type of Release Volume of Release Volume Recovered
Produced Water Approx. 200 bbls 130 bbls
So'm'ce .of Release Date and Hour of Occurrence Dase and Houor of Discovery
Pipeline Unknown 10/18/03 10:30 am
‘Was lmmediate Notice Given? IfYES, To Whom?
B ys [No  [JNorRequired | Paul Sheeley
By Whom? Date and Hour
10/20/03 11:535
Joe Gatts P
'Was o Watercourse Resched? If YES, Volume Inbpgieiitty W\ec‘ Whterbourat. T
Oves XNo R

T a Wezercourss was Iupacted, Describe Fully, (Amach Additiona] Sbeets If Necegsary)

47 poly gpiltat fiige, Cut our remaining slack and refirged.

Desenbe Cause of Problem and Remedial Action Taken (Artach Additional Sheets If Necessary)

Describe Area Allacted und Clearup Action Taken, (Attach Additional Sheers If Necessary)
The release consisted of approx. 200 bhlg, which affecred 30,818 square feer. 130 bbls were recovered.

for complinnce with say other [odéral, Saly, or local 1aws aod /or ropulations.

L hereby cerify thet the informarion given above is true and complety (o Lhe bust of oy knowledge and undergrand (hat purguant 10 NMOCPD rules and regulstians ell operarors are
raquirad (o reporl wnd /or file cennin nelewse notifications and perform corrective actions for releases which may cndanger public ealth or the eaviroament. The acceptancs of »
C-141 report by the NMOCD marked as “Final Report” docs not relicve the operaror of liabilicy should their operations trave Briled to ndequritely investigate and ramediate
contamunation thar pose & thyeat to ground water, bursan health or the énvironmenl. ln addition, NMOCD accepranee of 4 C-i41 repart daes not relieve the operator of responsibility

QiL CONSERVATION DIVISION

Approved by
7 District Suptrvisor:
Tirle: Environmental Techpicien Approval Dare; Bxpiration Dare:
Date:  10/20/03 Phone: 505-393-9(74 Conditions of Approval: Amched O




Rioo4

-

PASTURE

.....

RESARED BY /é s~

RE2ORT P

. - e s e e ot
1 Y S : : i
S N U P SIS JE v m...v.. fu...urf.sa » w P, C, U D SUNION SN W U JH et .
ERARENC NN A , 1
Kidi— 3 D & vy y
Qicvjo .....m.....mAl .{04 U " e ES IO M ER T IR O RS S -
p VT LD B 3
A SRS e P - TN
[T - %.i ..... xr.r r v ,w. v {.F r b - .... -
) N W1 I e } Sy oty B S reas A S S D
m vndon / - ¥ nf.v .r\//.,t?w_ H ...ri L b & n B /
A —— - .....JAM.I. ‘A ll.v.m. .l&\ HA ;. ..M- s .ﬂ.l ) - vn.. .W.... ..... - P E
. T |/W. 3 5 " A( RPWEL By X SIS R a. 3 m..- re rasmed m
- z e IR\ PRI W M b alu.:..:;. .q i L . - - ; .
e Q - T e i N : ! ! .
O m M e as o one. cavmp3n o : y } ” v anf 4.~.-..4]r - - ) 20 4 fone v - 4.“ r e——
- R . -t - NPT I“-.l . -3 o '—lr.- 00 on brranes So sa s marna | smae sBums o,
0. - . il B0 O F A O Lok \i
w et E gl - IXERR AN : Tl
o 0 ? o TR bddden s ‘mm.i 9 I 3 T I ¢ o IR N O
AN & i ; T g T ] w
-“‘1— D _m—n.— . W e -y - - Py L wnan e - h. .aw. i : x o [ pp—
0 b BER T 0 S ) /
Ao Z £ I il g
Nz o & ;
o A Ol i L. =3 el B T T, B I
L —_ E H o Ty - . )
<< 5 5 ORI 0 K 0 O OO DO s e R A0 O P IO T O 3 0 T 0
— & Al ll . (] ; AV
1] B i S S - I y LI
O uw TENN 4 ~ S
e | F S cera O 2 iR S Yosnd et ote £om, ¥ i ."I[/I-'!l . W
Za < LT T T LA .
b= < : B I L W TS ’ % NS A L V5 N S —e -
O Y AR N _ N ke
m‘ M E m - e, ﬁ = A Eh /F
o - -
5o 2 .
G 9
oW
& (]
i
:
n
€I
T
2,

g ..
P - PO Jovi,
SrPTy P - b
I O R O el Ll At At
S [,
prery

05/04/2005 09:54 FAX




 05/04/2003 09:54 FAX N - ) doos
L Goad C.Ha ’\/Q “E/axwe’%[ / ‘
J. Rampone mdﬂz Carmo R.And rson =<0, Ojeda _2
, Anderson, K. Farris
Fr Rk K
SPILL REFPORTING REQUIREMENTS
WEEKDAYS: TURN IN ROC SPILL REPORT SAME DAY OR BY 10:00 AM NEXT DAY
REPORT MUST BE ACCOMPANIED BY DRAWING AND PHOTOS
WEEKENDS: [F SPILL 1S OVER 4000 SQUARE FEET, CALL OCD (383-6161) AND REFORT
" THAT A SPILL HAS BEEN FOQUND THAT MAY BE QVER 25 BBLS. COMPLETE ROC SPILL .
REPORT AS NOTED ABOVE AND TURN'IN TO ENVIRONMENTAL TECH. i

10/2963
QCD PHONE NO. 3¢3-6161 TIME CALLED ' 5 DATE 42

NAME OF OCD PERSON NOTIFIED _MVMJ

RICE INITIAL SPILL REPORT

{

WAS LEAK SITE.FENCED ¢, )

R N

|SYSTEM  _24) TIME & DATE DISCOVERED _ /). 30 /(//5//
NAME OF PERSON REPORTING LEAK  Puke Coratscy  puaper DBl
SECTION & [ TOWNSHIP |7s _ RANGE JH&  UNIT LE'I_E}é | :
JCT. BOX ' /(?N LI:JE BETWEEN JCT fg” 5 '/'A'AND JCT f—¢ PSS+
\NCE | T Apre r "~ FEET N s W i
DISTANCE FROM JCT “ 754 “ TOSPILLSITE __sg0" . € S.W !
;SWD WELL FUMP STATION '
NOLUMEOF SPILL /9 BARRELS __5Q, §/8  SQUARE FEET AFFECTED |
FLupTYPE Pl BARRELS RECOVERED /.70 phls |-
i VESTOQCKPRESENT - ¢ PICTURES TAKEN ¢y .
= :

e~

pchrrmer. . € zo
s %4/ CA%SEOF THE LEAK Fdé

DESCRIBE CAUSE OF PROBLEM AND HOW IT WAS REPAIRED 0/22
o
4 ,Dg/ lrilc J,ﬂ/// &7 /(Ifr’ v / /

St " lAoe Al

18 THE REPAIR: TEMPORARY Used clamP FE?MANENT

" DRAW SFILL SITE ON BACK..-. . .-
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RICE Operating Company

122 West Taylor
Hobbs, NM 88240
Phone: (305) 393-0174
Fax:(505) 597-14T1

TO: FROM:
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__bbe \ec;k
NOTES/COMMENTIS:

AR ANALVSIS
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12600 West -20 East - Odessa, Texas 79765

|

Analytical Report

Prepared for:
Kristin Pope
Rice Operating Co.
122 W. Taylor
Hobbs, NM 88240

Project: ABO-Apache LA Leak
Project Number: None Given
Location: Lovington

Lab Order Number: 5C02003

Report Date: 03/15/05
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Fax: (505) 397-1471

Rice Operating Co. Praject: ABO-Apache LA Leak
122 W. Taylor Project Number: None Given Reporteds
Hobbs NM, 88240 Project Manager: Kristin Popt 03/15/05 09:48
ANALYTICAL REPORT FOR SAMPLES
I Sample ID Laboratory D Matrix Date Sampled Date Received
MW-1 5C02003-01 Water 03/01/05 14:10 03/01/05 18:45

12600 West 1.20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713

Page 1 of 10
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Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471

122 W. Taylur Project Number: None Given Reported:

Habbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:54

General Chemistry Parameters by EPA / Standard Mcthods
Environmental Lab of Texas
Reporting

Analyte Resule Limit Unit  Dilution Butch  Prepared  Analyzed ~ Method Noted
MW-1 (5C02003-01) Water
Total Alkalinity 148 200 mglL ] EC50405 03/03/05 03/03/05 EPA3102M
Chloride 120 2.50 o 5 ECS50903 03/03/05 03/03/05  EPA300.0

Sulfate 1.8 2.50 " u " " " "

MW-1 (5C02003-01RE[) Water

Total Dissolved Solids 532 500 mgl 1 ECS0311  03/11/03 0311705 EPA160.1  O-04,QC-02

Envionmental Lab of [exas

The results in this report apply to the somples onglyzed in accordunce with the samples
received in the luboratory. This analytical raport must be reproducad in its enrirsty,
with written approval of Environmemal Lab of Texas. Page 2 of 10

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-)800 - Fax (432) 563-1713
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Rice Operaring Co. Projoct: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Projcct Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Popc 03/15/05 09:48

Total Metals by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Andlyte Result Limit Unis  Dilution Bach Prepwed  Amalyzed  Method Note
MW_1 (5C02003.01) Water
Calcium 85.2 0.100 mgh 10 EC50412 03/03/08 03/04/0s  EPA 60108
Magnesinm 135 00100 " " " “ . "
Potassium 5.10 0.100 " 2 " " " "
Sodium 483 0.100 " 10 " u " "

Enivironmental Lab of Texas

The resulls in this report apply to the samples analyxed in accordence Wikl the samplas
received tn the laboratory. This analytical repar must be reproduced in its entirery,
with written approval of Environmental Lab of Texas. Page 3 of 10

12600 West 1-20 East - Odcssa, Texas 79705 - (432) 563-1800 - I'ax (432) 563-1713
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Rice Operating Co. Projcct: ABO-Apeche LA Leak Fax: (505) 397-1471
122 W. Taylor Project Nurnber: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope _ 03/15/05 09:48

Volatile Organic Compounds by EPA Method 8260B
Environmental Lab of Texas
Rzpon‘in'g

Analyte Result Limit Unik  Dilydon Bawh  Propared  Analyzed  Method Noted
MW-1 (5C02003-01) Water

Benzene ND 1.00  ugl 1 EC50703  03/04/05 03/04/05 EFA 82608
Toluene ND 1.00 . " n n ® "
Ethylbenzene ND 1.00 » W . " R n
Xylzne (p/m) ND 1.00 v 4 " " . "
Xylene (0) ND 100 " " " -- " .
Surrogate: blbramoﬂuoromatharm T T 6829 .= n " "
Surrogate: 1.2-Dichloroethane-d4 90.2% 72-]32 4 " " .
Surrogass: Toluene-d8 104% 74-118 - “ " "
Surrogale: 4-Bromofluorobenzene 101 % 65-140 “ - “ "

Ebnvironmenral Lab ot Texas

The resulls in this report apply ta the samples analyzed In accordance with the samples
recelved in the laboratery. This analyrical report must he raproduced in lts entiraty.
with writtan approval of Environmental Lab of Texas. Page 4 of 10

12600 West [-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operating Co. Project: ABO-Apachc LA Leak Fax: (505) 397-1471
122 W. Tuy lor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48
General Chemistry Parameters by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike  Source %REC RPD
Analye Result Limit  Units Level  Resull 9%REC Limis RPD Limit Nores
Batch EC50311 - 410.4 '
Blank (EC30311-BLK1) Prepared: 03/02/05 Anslyzed: 03/03/05
Total Dissotved Solids ‘ ND 500 mgl
Dujplicate (EC50311-DUPJ) Source: 3C02003-01  Prcpared: 03/02/05 Analyzed: 03/03/05
Total Dissolved Sollds 1150 7500 meL 1080 638 20
Duplicate (EC50311-DUP2) Source~5C02003-01RE] Prepared & Analyzed: 03/11/05
Total Digsoived $olids 550 500 + mpL 532 341 20

Batch EC50405 - General Preparation (WetChem

Blank (EC50405-BLK1) - Prepared & Analyzed: 03/03/05

Total Alkaiinivy NS 300 melL

Calibration Check (EC50405-CCV1) Prepared & Analyzed; 03/03/05

Carbonate Alkaiinity 0.0500 mgL 0.0500 T00 — 80-120

Duplicate (EC50405-DUPL) Source: 5C02003-01 Prepared & Analyzed: 03/03/05

Total Alkalimity . o 149 200 mglL 138 0673 20

Batch EC50903 - General Preparation (WetChem)

Blank (EC50903-BLKI) . Prepared & Analyzed: 03/03/05

Chloride '" ND 0500 mgL

Sulfats ND 0.500 "

LCS (EC50903-BS1) Prepared & Analyzed: 03/03/05

Chloride T 102 mg/L 160 102 80120

Sulfate 10.5 i 10.0 105 80-120

Environmental Lab 67 Texas The results in this report apply to the samples analysed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirery,
with written approval of Environmental Lab of Texas. Page 5 010

12600 West [-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operaling Co. Project: ABO-Apachc LA Leak Fai: (305) 397-1471
122 W. Taylor Project Number: Nane Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48
General Chemistry Parameters by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike  Souree %UREC RPD
Analyte Result Limit  Units Level Remuly %REC Limits RPD Limit Notes
Batch EC50903 - General Preparation (WetChem)
Calibration Check (EC50903-CCV1) Prepared & Analyzed: 03/03/05
Chiloride ' 103 me’L 10.6 105 80-120
Sulfate 10.8 " 10,0 108 20-120
Duplicate (EC50903-DUP1) Source: 5C02010-01 Prepared & Analyzod: 03/03/05
Sulfate - 875 750  malL 7.9 0436 "0
Chloride - 529 10.0 " 577 B.68 20

environmental Lab of Texas

The results in this report opply to the samplcs analyzed in accordance witl the samples
recelved in the laboratory. This anaiytical report musr be reproduced in its entirety,
with writren approval of Evvironmental Lab of Texay. Page 6 of 10

12600 West I-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (452) 563-1713
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Riee Operating Co. Projcet; ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48
Total Metals by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike  Source %REC RPD
Analyte Result Limit  Uirs Level  Result  %REC  Limis RPD Limil Notes
Batch EC50412 - 6010B/No Digestion
Blank (EC50412-BLK1) Prepared: 03/03/05 Analyzed: 03/04/05
Calcium T ND 00100" mgA.
Magnesinm ND 0.00100 "
Potassium ND 0.0500 "
Sodium ND 00100 "
Calibration Check (EC50412-CCV1) Prepared: 03/03/05 Analyzed: 03/04/05
Calchim Y ¥ mg/L 2.00 112 85115 i
Magaesium 2.30 " 2.00 115 85-115
Potassium 1.85 " 2.00 92.5 85115
Sodium 1.82 " 2.00 91.0 85-115
Duplicate (EC50412-DUP1) Source: SB25005-01 Prepared: 03/03/05 Analyzed: 03/04/05
Caclum 104 0100 me/L 592 I 7 T
Magnestum 389 0.0100 4 41.0 526 20
Potagsium 10.8 0.500 " 11.1 2.74 20
Sodium 267 10 - 7 252 5718 20

“EnvIronmental Lab of Texas

The requlls in this report dpply to the samples anabzed in accordance with the samples

recsived in the laborarory. This analytical reporr must he reproduced in its entirery.

with written approval of Environmental Lab of Texas.

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

Page 7 of 10
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Rice Operating Co, Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W, Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 03/15/05 09:48
Volatile Organic Compounds by EPA Method 8260B - Quality Control
Environmental Lab of Texas
Reporting Spike  Source %REC RPD
Analyts Result Limit  Unils Level Result %REC Limis RPD Limit Notes
Batch EC50703 - EPA 5030C (GCMS)
Blank (EC50703-BLK1) Prepared & Analy2ed; 03/04/05
Benzene - ND 100 ugh
Toluene ND 1.00 "
Ethylbenzens ND 1.00 N
Xylene (p/m) ND 1.00 "
Xylene (o) ND 1.00 " -
Surrogate: iibromolluoromethané 303 v SO0 ’ 0T 6818 . -
Surrogare: 1,2-Dichloroethana-d4 426 " 30.0 85.2 72-132
Surrogate: Tolugne-d8 48.6 " 50.0 97.2 74118
Surrogate: 4-Bromofluorobenzene 4.1 " 0.0 6.2  63-140
LCS (EC50703-BS1) Preparcd & Analyzed: 03/04/05
Benzenc 55.7 ug/l 50.0 111 70-130
Toluene 56.6 " 50.0 113 70-130
Ethylbenzene 545 " 50.0 109 70-130
Xylene (pfm) 956 " 100 856  70-130
Xylene (o) 56,0 v 50.0 12 70-130
Surrogare: Dibromofluoromethane 3o v 30.0 Jox o137
Surrogate; 1,2-Dichloroethana-d4 47.6 " J0.0 952 72]32
Swrogare: Tokuene-dl 30.1 “ 50.0 100 74418
Swrrogate: 4-Bromofivorobenzene 502 " 50.0 100  ¢5-140
Calibration Check (EC50703-CCV1) Prepared & Analyzed: 03/04/05
Toluene 34.0 ugfl 50.0 108 70-130
Ethylbenzene 50.7 " $0.0 101 70-130
Surrogare; Dibromafluoromethane 317 ” 30.0 0T 68129
Surragate: I, 2-Dichloroerhune-d4 44.2 " 50.0 484 72-132
Surrogate: Toluengsd8 304 " s0.0 101 7d-118
Surrogate: 4-BromofTluorobanzene 45.6 v 30.0 97.2 654140

Environmental Lab 0f 1eXas

The results in this report apply v the saniples anabrzed i accordance with the samples
veceived In the laboratory. This analytical report nrust be reproduced in its entlrely,
with wristen approval of Environmantal Lab of Texus. Page 820of10

12600 West I-20 East - Odessa, Texas 79705 - (432) 563-1B00 - Fax (432) 563-1713
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Rice Operating Co. Project: ABO-Apache LA Leak Fax: (305) 397-1471
122 W. Taylor Projcct Number: Nonc Given Reported:
Hobbs NM, 83240 Project Manager: Kristin Pope 03/15/05 09:48
Volatile Organic Compounds by EPA Method 8260B - Qnuality Control
Environmental Lab of Texas
Reponting Spike  Source %REC RPD
Anaslyte Rezule Limit  Units Level Rasult %REC  Limits RFD Limit Noles

Batch EC50703 - EPA 5030C (GCMS)

Matrix Spike (EC50703-MS1)

Source: 5C02003-01 Preparcd & Analyzed: 03/04/05

Renzene 56.9 ugfl 50.0 ND 114 80-120
Toluene 58.8 " 50.0 ND 118 80-120
Ethylbenzene 583 " 500  ND 17 80120
Xylene (pfm) 104 v 100 ND 104 30-120
Xylene (o) 58.7 " 500 _ ND 1z 80-120
Surrogare: Dibromajluoromeifang 313 " 300 - 103 68-129
Surrogate: 1,2-Dichloroethane-d4 1984 - 300 5%6.8  72-132
Surrogate: Toluene-dS 50.3 " 500 101 74-118
Surroguts: 4-Bromoflucrobenzene 49.7 " 50.0 994  65-140

Matrix Spike Dup (EC50703-MSD1)

Source: 5C02003-01 Preparcd & Analyzed: 03/04/05

Benzene i 562 g 50.0 ND 112 §0-120 124 20
Toluene 58.1 " 50.0 ND 116 80-120 1.20 20
Ethylbenzene 571 " 50.0 ND 14 80-120 2.08 20
Aylene (p/m) 100 " 100 ND 100 80-120 392 20
Xylenc (o) 58.4 " 50.0 ND 117 80120 0512 20
Surrogate: Dibromglhioromethana 0.2 " 300 L. S 1% b1
Surrogate: 1.2-Dichlorcethana-d4 47.0 " 50.0 940 72-132
Surrogars; Tohiwne-d8 49.2 “ 50.0 98.4 74-118
Surrogats: 4-Bromafluorobenzene 48.5 " 500 97.0  65-140

“Environmental Lab of Texas

The resudts in this report apply 1o the samples analyzed in accardance with fhe samples
received in tha luhoratory. This analytical report must be repraducad in its entivety,
with writien approval of Environmenial Lab of Texas. Page 9 of 10

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




05/04/2005 12:07 FAX [do12

Rice Operaling Co. Project; ABO-Apache LA Leak Fax: (505) 397-1471

122 W._ Taylor Project Number: Nonc Given Reporred:

Hobbs NM, 88240 Project Manager; Krisdn Pope 03/15/05 09:48
Notes and Definitions

QC-08  Sample was originally analyzed within holding time. However, it was determined that positive interferences contibuted to the
sample results. The sample was rerun with lower volume of sample.

0-04 This sample wag analyzed ourside the EPA recommended bolding time,
DET Analyte DETECTED

ND Analyle NOT DETECTED gt or above the reporting limit

NR Nol Reponed

dry Sarmple results reporied on & dry weighl basis

RPD Relative Percent Differcnce

1.CS Laboratory Control Spike

MS Mairix Spike

Dup Duplicate

~

Report Approved By: ((\LOW\ dic / u@ Date: 3~j5-0%
Raland K. Tunle, Lab Managet Jeanne Mc Murrey, Inorg. Tech Director
Celey D. Keene, Lab Director, Org. Tech Director ~ James L. Hawkins, Chemist/Geologist
Peggy Allen, QA Officer Sandra Sanchez, Lab Tcch,

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

If you have recefved this matexial in error, please notity us immediately at 432-563-1800.

Environmental Lab of Texss The resulcs In (his report apply io the samplas anulyzed in accorddncc with the samples
received in the laboratory. This unuiytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texgs. Page 10 of 10

12600 West I.20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Environmental Lab of Texas
Variance / Corrective Action Report — Sample Log-In

Glient: n’“ “me %w
Date/Time: 2] ZLOS g ﬁ
Order & LO2.007%

. »
Initizls: (e

Sample Receipt Checklist
Temperature of container/cooler? Yes | Ne | 2,0 _C]
Shipping container/cocler in good condition? el No : |
Custcdv Seals intact en shipping containar/cooler? 29 | No M_F%
Custedy Seals intact on sampie bottlgs? 5] No Not present L
Chain of custody prasent? No )
Sample Instructions complets on Chain of Custody? No
Chain of Custody signed when relinguished and recaived? No |
Chain of custody agrees with sample lakel(s) No

Samole Matrix and prooerties 3ame as on chain of custody? Ne |

RS
Cantainer labels legible and intact? %} No
&S

Samples in proper container/bsttle? No |

Samples properly preserved? z No !

Samele battles Intact? No |

Preservations documented aon Chain of Custodyv? 2% | Na |

Containers documented on Chain of Custody? No |

Suficent samole amount for indicated iest? . es] No |

All samoles received within sufiicient haid time? & No {

VOC samples have zero headspace? e | No_] Nat Apolicztle
Other observations:

Variance Documentation:
Ccniact Person: - Date/Time: Contacted by:
Regarding:

Corractive Action Taken:
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Price, W x .
rice, Wayne ’ ’

From: Price, Wayne .
Sent:  Monday, May 02, 2005 2:58 PM

To: 'Kristin Farris'; Johnson, Larry; Sheeley, Paul; Price, Wayne

Cc: Carolyn Haynes; Randall Hicks; Roy Rascon

J Subject: RE: Abo MW in Lovington

OCD has not received the results. Please E-mail ASAP.

From: Kristin Farris [mailto:enviro@leaco.net]
Sent: Tuesday, March 01, 2005 7:50 AM

To: Larry Johnson; Paul Sheeley; Wayne Price
Cc: Carolyn Haynes; Randall Hicks; Roy Rascon
Subject: Abo MW in Lovington

Basin Environmental will re-sample the monitoring well at the Abo Apache 1A leak site in Lovington today
at 1:00 pm. NMOCD-Hobbs will split samples. Please contact me if you need directions.

Kristin Farris Pope
Project Scientist

RICE Operating Company
Hobbs, NM 88240

(505) 393-9174

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

5/2/2005




LAW OFFICES
HEIDEL, SAMBERSON, NEWELL, COX & McMAHON
C. GENE SAMBERSON 311 NORTH FIRST STREET F.L. HEIDEL
MICHAEL T. NEWELL POST OFFICE DRAWER 1599 (1913-1985)
LEWIS C. COX, III LOVINGTON, NM 88260
PATRICK B. McMAHON TELEPHONE (505) 396-5303

FAX (505) 396-5305
April 29, 2005
VIA FACSIMILE/(S05) 476-3462
‘Wayne Price
New Mexico Oil Conservation Division
Environmental Bureau
1220 South St. Francis Blvd.
Santa Fe, NM 87505

Re: Rice/Abo 1G Leak Site

Dear Mr. Price,

Thank you for the opportunity to review Rice’s most recent proposal to remediate the
Abo 1G leak site. Please be advised that the City of Lovington objects to Rice’s plan.

The flowline which had the leak at issue was installed as a result of a grant of easement to
Rice by the City. Under the terms of that easement, Rice does not have the right to leave
contaminants in the right of way or on adjacent City property. If the OCD grants Rice’s proposed
plan to leave contaminants in place, the City will view this as a taking and act accordingly.

If you have any questions, please do not hesitate to call.

Sincerely,

HEIDE% ERSON, NEWELL, Cox & MCMAHON

Patrick B. McMahon

PBM:cd
pc: Pat Wise, City Manager




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 25, 2005

Wayne Price

NMOCD Environmental Bureau
1220 South St. Francis Drive
Santa Fe, New Mexico 87505
Via E-mail and Federal Express

RE: Amended Corrective Action Plan Loving Abo 1G Pipeline Release
Section 1, 17S, 36E, Unit G

Dear Wayne:

On behalf of Rice Operating Company, R.T. Hicks Consultants, Ltd. is pleased to submit the
attached Amended Corrective Action Plan for the above-referenced site.

If you have any questions or concerns about the enclosed report, please let us know.
Thank you for your time.

Sincerely,
R.T. Hicks Consultants, Ltd.

Katie Lee
Associate Scientist

Copy: Rice Operating Company




March 2005
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Price, Wayne ’ .

From:
Sent:
To:

Cc:
Subject:

Price, Wayne

Monday, February 21, 2005 11:01 AM

‘katie@rthicksconsult.com'; Price, Wayne; Carolyn Doran Haynes (E-mail)
Kristen at Rice; Randall Hicks; Sheeley, Paul; Johnson, Larry

RE: NMOCD Case #1R0415

After reviewing the lab QA/QC check-in sheet, it appears the sample bottle was not labeled. Please make arrangements to

resample
office and

this monitoring well. Provide OCD the results no later than March 21, 2005. In addition, please contact the OCD Hobbs
make arrangements for them to witness and/or split samples.

From: katie Lee [mailto:katie@rthicksconsult.com]
Sent: Tuesday, December 21, 2004 12:43 PM

To
Cc
Su

: Wayne Price
: Kristen at Rice; Randall Hicks

bject: RE: NMOCD Case #1R0415

Dear Mr. Price,

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as

#1

R0414, when in fact it should have read #1R0415. Attached, the report with the transmittal

letter corrected. A hard copy of this report (with the incorrect number) has already been mailed

to

you. I can fax you the corrected first page, or send it via the post, as seems best to you.

Best regards,

Katie Lee

Associate Scientist

R.T. Hicks Consultants, Lid.

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

Phone: 505-266-5004
Fax: 505-266-0745

2/21/2005

From: katie Lee [mailto:katie@rthicksconsult.com]
Sent: Monday, December 20, 2004 3:32 PM

To: Wayne Price

Cc: Kristen at Rice; Randall Hicks

Subject: NMOCD Case #1R0414

Dear Mr. Price:

Attached, please find a transmittal letter and supporting documents for the Rice Operating
Company Abo 1G Leak Site, NMOCD Case # 1R0414. If you have any trouble with these
documents, questions, comments, etc, please let us know. A paper copy follows via snail
mail. Happy holidays!

Best regards,




Katie Lee

Associate Scientist

R.T. Hicks Consultants, Ltd.

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

Phone: 505-266-5004
Fax: 505-266-0745

This email has been scanned by the MessagelLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

2/21/2005




Price, Wayne . .

From: Price, Wayne

Sent:  Monday, February 21, 2005 10:46 AM
To: Patrick B. McMahon (E-mail)
Subject: FW: NMOCD Case #1R0415

Dear Mr. McMahon:

Per your request please find attached a copy of the reports. After reviewing the report OCD has a concern with the sampling
QA/QC. We will be asking Rice to re-sample the water.

From: katie Lee [mailto:katie@rthicksconsult.com]

Sent: Tuesday, December 21, 2004 12:43 PM :
To: Wayne Price g
Cc: Kristen at Rice; Randall Hicks

Subject: RE: NMOCD Case #1R0415

Dear Mr. Price,

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as #1R0414,
when in fact it should have read #1R0415. Attached, the report with the transmittal letter corrected. A hard
copy of this report (with the incorrect number) has already been mailed to you. I can fax you the corrected
tirst page, or send it via the post, as seems best to you.

Best regards, |

Katie Lee

Associate Scientist

R.T. Hicks Consultants, Ltd.

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

Phone: 505-266-5004
Fax: 505-266-0745

From: katie Lee [mailto:katie@rthicksconsult.com]
Sent: Monday, December 20, 2004 3:32 PM

To: Wayne Price

Cc: Kristen at Rice; Randal} Hicks

Subject: NMOCD Case #1R0414

Dear Mr. Price:

Attached, please find a transmittal letter and supporting documents for the Rice Operating Company
Abo 1G Leak Site, NMOCD Case # 1R0414. If you have any trouble with these documents, questions,
comments, etc, please let us know. A paper copy follows via snail mail. Happy holidays!

Best regards,

Katie Lee
Associate Scientist

2/21/2005



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

Phone: 505-266-5004
Fax: 505-266-0745

This email has been scanned by the Messagel.abs Email Security System.
For more information please visit hitp://www.messagelabs.com/email

2/21/2005




Price, Wayne . .

From: Price, Wayne
Sent:  Monday, February 21, 2005 10:46 AM |
To: Patrick B. McMahon (E-mail)
Subject: FW: NMOCD Case #1R0415

Dear Mr. McMahon:

Per your request please find attached a copy of the reports. After reviewing the report OCD has a concern with the sampling
QA/QC. We will be asking Rice to re-sample the water.

From: katie Lee [mailto:katie@rthicksconsult.com]
Sent: Tuesday, December 21, 2004 12:43 PM

To: Wayne Price

Cc: Kristen at Rice; Randall Hicks

Subject: RE: NMOCD Case #1R0415

Dear Mr. Price,

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as #1R0414,
when in fact it should have read #1R0415. Attached, the report with the transmittal letter corrected. A hard
copy of this report (with the incorrect number) has already been mailed to you. I can fax you the corrected
tirst page, or send it via the post, as seems best to you.

Best regards,

Katie Lee

Associate Scientist

R.T. Hicks Consultants, Ltd.

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

Phone: 505-266-5004
Fax: 505-266-0745

From: katie Lee [mailto:katie@rthicksconsult.com]
Sent: Monday, December 20, 2004 3:32 PM

To: Wayne Price

Cc: Kristen at Rice; Randall Hicks

Subject: NMOCD Case #1R0414

Dear Mr. Price:

Attached, please find a transmittal letter and supporting documents for the Rice Operating Company
Abo 1G Leak Site, NMOCD Case # 1R0414. If you have any trouble with these documents, questions,
comments, etc, please let us know. A paper copy follows via snail mail. Happy holidays!

Best regards,

Katie Lee
Associate Scientist

2/21/2005



R.T. Hicks Consultants, Ltd. '
901 Rio Grande Blvd. NW F-142
Albuquerque, NM 87104

Phone: 505-266-5004
Fax: 505-266-0745

This email has been scanned by the MessagelLabs Email Security System.
For more information please visit hitp://www.messagelabs.com/email

2/21/2005




Price, Wayne ‘ .

From: Patrick McMahon [hsncpbm@leaco.net]
Sent:  Monday, February 14, 2005 9:11 AM
To: Price, Wayne

Subject: Rice Abo 1G site

Dear Wayne,

As per our recent conversation, the City of Lovington is very interested in commenting on the Rice Abo 1G site. As of this date,
however, we have not recieved copies of the sampling resuts from Rice's installation of their monitor well. Please forward those
results to me. Once | have had a chance to review those results | will forward my comments to you.

Thank You

Patrick

Heidel, Samberson, Newell, Cox & McMahon
P.O. Drawer 1599

Lovington, NM 88260

Ph: (505) 396-5303

Fax: (505) 396-5305

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

2/21/2005




Price, Wayne . ,
From: katie Lee [katie@rthicksconsult.com] .
Sent:  Tuesday, December 21, 2004 12:43 PM

To: Wayne Price

Cc: Kristen at Rice; Randall Hicks

Subject: RE: NMOCD Case #1R0415

Dear Mr. Price,

My apologies for the mistake in the NMOCD case number for Lovington Abo. It was marked as #1R0414,
when in fact it should have read #1R0415. Attached, the report with the transmittal letter corrected. A hard
copy of this report (with the incorrect number) has already been mailed to you. I can fax you the corrected
first page, or send it via the post, as seems best to you.

Best regards,

Katie Lee

Associate Scientist

R.T. Hicks Consultants, Ltd.

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

FPhone: 505-266-5004
Fax: 505-266-0745

From: katie Lee [mailto:katie@rthicksconsult.com]
Sent: Monday, December 20, 2004 3:32 PM

To: Wayne Price

Cc: Kristen at Rice; Randall Hicks

Subject: NMOCD Case #1R0414

Dear Mr. Price:

Attached, please find a transmittal letter and supporting documents for the Rice Operating Company
Abo 1G Leak Site, NMOCD Case # 1R0414. If you have any trouble with these documents, questions,
comments, etc, please let us know. A paper copy follows via snail mail. Happy holidays!

Best regards,

Katie Lee

Associate Scientist

R.T. Hicks Consultants, Ltd.

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

Phone: 505-266-5004
Fax: 505-266-0745

- 2/21/2005
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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

December 20, 2004

Mr. Wayne Price

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE: Abo 1G Leak Site:
Section 1, 17S 36E Unit G
NMOCD Case #1R0415

Dear Wayne:

Included with this letter is the well log for our drilling event of November 5" and 6™,
2004. The well log features lithology, drilling notes, well construction, and field
chloride and PID data. We have also included laboratory results from soil samples
collected during the drilling and a site map with the position of this monitoring well,
LA MW-1. In addition, the attached laboratory results of the first ground water
sample from this well show no impact to ground water.

Sincerely,
R.T. Hicks Consultants, Ltd.

David Hamllt-

David Hamilton
Project Hydrologist

Copy: Kristin Farris Pope
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12600 West 1-20 East - Odessa. Texas 79768

Analytical Report

Prepared for:
Kristin Pope

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

Project: ABO-Apache LA Leak
Project Number: None Given

Location: Lovington

Lab Order Number: 4L06004

Report Date: 12/16/04




Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

ANALYTICAL REPORT FOR SAMPLES

l Sample ID Laboratory ID Matrix Date Sampled Date Received J
MW-1 4L06004-01 Water 12/03/04 08:30 12/06/04 10:35
Page [ of 12

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



Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
Organics by GC
Environmental Lab of Texas
Reporting
Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Notes
MW-1 (4L06004-01) Water
Benzene ND 0.00100 mg/L 1 EL40913 12/08/04 12/08/04 EPA 8021B
Toluene ND 0.00100 " " " " " N
Ethylbenzene ND 0.00100 " " " « " "
Xylene (p/m) ND 0.00100 " " " " " "
Xylene (o) ND 0.00100 " “ “ N B "
Surrogate: a,a,a-Trifluorotoluene 101 % 80-120 " “ " "
Surrogate: 4-Bromofluorobenzene 96.0 % 80-120 " " " "
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page 20f12

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




Rice Operating Co.

Project: ABO-Apache LA Leak

Fax: (505) 397-1471

122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
General Chemistry Parameters by EPA / Standard Methods
Environmental Lab of Texas
Reporting

Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Notes
MW-1 (4L06004-01) Water
Total Alkalinity 142 200 mglL 1 EL41406  12/10/04 12/10/04 EPA 310.2M
Chloride 80.5 5.00 " 10 EL40916  12/08/04 12/08/04 EPA 300.0
Total Dissolved Solids 329 5.00 " 1 EL40702  12/06/04 12/07/04 EPA 160.1
Sulfate 85.7 5.00 " 10 EL40916  12/08/04 12/08/04 EPA 300.0

Environmental Lab of Texas

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

with written approval of Environmental Lab of Texcs.

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

Page 3 of 12



Project: ABO-Apache LA Leak

Fax: (505) 397-1471

Rice Operating Co.

122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

Total Metals by EPA / Standard Methods
Environmental Lab of Texas
Reporting

Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Notes
MW-1 (4L06004-01) Water
Calcium 60.0 0.100 mglL 10 EL41408  12/14/04 12/14/04 EPA 6010B
Magnesium 12.9 0.0100 " " " " N "

Potassium 2.67 0.500 " " " " " "

Sodium 42.4 0.100 " " " " " "

Environmental Lab of Texas

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

with written approval of Environmental Lab of Texas.

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

Page 4 of 12




Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

Organics by GC - Quality Control
Environmental Lab of Texas

Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Liraits RPD Limit Notes
Batch EL40913 - EPA 5030C (GC)
Blank (EL40913-BLK1) Prepared & Analyzed: 12/08/04
Benzene ND 0.00100 mg/L
Toluene ND 0.00100 "
Ethylbenzene ND 0.00100 "
Xylene (p/m) ND 0.00100 "
Xylene (0) ND 0.00100 "
Surrogate: a,a,a-Trifluorotoluene 19.8 ughl 20.0 99.0 80-120
Surrogate: 4-Bromofluorobenzene 174 " 20.0 87.0 80-120
LCS (EL40913-BS1) Prepared & Analyzed: 12/08/04
Benzene 94.3 ug/l 100 94.3 80-120
Toluene 97.6 " 100 97.6 80-120
Ethylbenzene 96.2 " 100 96.2 80-120
Xylene (p/m) 194 " 200 97.0 80-120
Xylene (o) 99.5 " 100 99.5 80-120
Surrogate: a,a,a-Trifluorotoluene 17.8 " 20.0 89.0 80-120
Surrogate: 4-Bromofluorobenzene 22.1 " 20.0 110 80-120
LCS Dup (EL40913-BSD1) Prepared & Analyzed: 12/08/04
Benzene 974 ug/l 100 974 80-120 3.23 20
Toluene 100 " 100 100 80-120 243 20
Ethylbenzene 102 N 100 102 80-120 585 20
Xylene (p/m) 202 " 200 10t 80-120 4.04 20
Xylene (o) 103 " 100 103 80-120 3.46 20
Surrogate: a,a,a-Trifluorotoluene 18.7 ” 20.0 93.5 80-120
Surrogate: 4-Bromofluorobenzene 222 " 20.0 111 80-120
Calibration Check (EL40913-CCV1) Prepared & Analyzed: 12/08/04
Benzene 97.0 ug/l 100 97.0 80-120
Toluene 99.1 " 100 99.1 80-120
Ethylbenzene 101 " 100 101 80-120
Xylene (p/m) 199 " 200 99.5 80-120
Xylene (o) 101 " 100 101 80-120
Surrogate: a,a,a-Trifluorotoluene 194 " 20.0 97.0 80-120
Surrogate: 4-Bromofluorobenzene 215 " 20.0 108 80-120
Environmental Lab of Texas The resuls in this report apply to the samples analyzad in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page 5 of 12

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




Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
Organics by GC - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL40913 - EPA 5030C (GC)
Matrix Spike (EL40913-MS1) Source: 4L06002-01 Prepared & Analyzed: 12/08/04
Benzene 102 ug/l 100 ND 102 80-120
Toluene 102 N 100 ND 102 80-120
Ethylbenzene 101 " 100 ND 101 80-120
Xylene (p/m) 203 " 200 ND 102 80-120
Xylene (o) 11 " 100 ND 1 80-120
Surrogate: a,a,a-Trifluorotoluenc 18.4 " 20.0 92.0 80-120
Surrogate: 4-Bromofinorobenzene 19.5 " 20.0 97.5 80-120

Environmental Lab of Texas

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

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
General Chemistry Parameters by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL40702 - General Preparation (WetChem)
Blank (EL40702-BLK1) Prepared: 12/06/04 Analyzed: 12/07/04
Total Dissolved Solids ND 5.00 mg/L
Duplicate (EL40702-DUP1) Source: 4L03001-01 Prepared: 12/06/04 Analyzed: 12/07/04
Total Dissolved Solids 4120 5.00 mg/L 4030 221 20
Batch EL40916 - General Preparation (WetChem)
Blank (EL40916-BLK1) Prepared & Analyzed: 12/08/04
Chloride 0.00 0.500 mg/L
Sulfate 0.00 0.500 "
Blank (EL40916-BLK2) Prepared & Analyzed: 12/08/04
Sulfate 0.00 0500 mglL
Chloride 0.00 0.500 "
LCS (EL40916-BS1) Prepared & Analyzed: 12/08/04
Chloride 9.75 0.500 mg/L 10.0 97.5 80-120
Sulfate 11.7 0.500 " 10.0 117 80-120
LCS (EL40916-BS2) Prepared & Analyzed: 12/08/04
Chloride 9.77 0.500 mg/L 10.0 97.7 80-120
Sulfate 11.8 0.500 " 10.0 118 80-120
LCS Dup (EL40916-BSD1) Prepared & Analyzed: 12/08/04
Sulfate 11.8 0.500  mg/L 10.0 118 20-120 0.851 20
Chloride 9.83 0.500 " 10.0 98.3 80-120 0817 20

Environmental Lab of Texas

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

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

Project; ABO-Apache LA Leak

Fax: (505) 397-1471

122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
General Chemistry Parameters by EPA / Standard Methods - Quality Contrel
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL40916 - General Preparation (WetChem)
LCS Dup (EL40916-BSD2) Prepared & Analyzed: 12/08/04
Chloride 9.74 0.500 mg/L 10.0 97.4 80-120 0.308 20
Sulfate 11.7 0.500 " 10.0 117 80-120 0.851 20
Calibration Check (EL40916-CCV1) Prepared & Analyzed: 12/08/04
Chloride 9.79 mg/L 10.0 97.9 80-120
Sulfate 1.7 " 10.0 117 80-120
Calibration Check (EL40916-CCV2) Prepared & Analyzed: 12/08/04
Chloride 9.80 mg/L 10.0 98.0 80-120
Sulfate 11.7 " 10.0 117 80-120
Duplicate (EL40916-DUP1) Source: 4L03001-01 Prepared & Analyzed: 12/08/04
Chloride 1570 20.0 mg/L 1330 16.6 20
Suifate 309 20.0 N 682 17.0 20
Duplicate (EL40916-DUP2) Source: 4L06003-02 Prepared & Analyzed: 12/08/04
Chloride 731 20.0 mg/L. 725 0.824 20
Sulfate 1210 20.0 " 1200 0.830 20
Batch EL41406 - General Preparation (WetChem)
Blank (EL41406-BLK1) Prepared & Analyzed: 12/10/04
Total Alkalinity ND 2.00 mg/L
Duplicate (EL41406-DUP1) Source: 4L.06003-01 Prepared & Analyzed: 12/10/04
Total Alkalinity 161 2.00 mg/L 160 0.623 20

Environmental Lab of Texas

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

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

Page 8 of 12
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Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Liraits RPD Limit Notes
Batch EL41406 - General Preparation (WetChem)
Reference (EL41406-SRM1) Prepared & Analyzed: 12/10/04
Carbonate Alkalinity 0.0501 mg/L 0.0500 100 80-120
[
|
|
|
I
I
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirery,
with written approval of Environmental Lab of Texas. Page 9 0 £12

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number; None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
Total Metals by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL41408 - 6010B/No Digestion
Blank (EL41408-BLK1) Prepared & Analyzed: 12/14/04
Calcium ND 0.0100 mg/L
Magnesium ND 0.00100 "
Potassium ND 0.0500 "
Sodium ND 0.0100 "
Calibration Check (EL41408-CCV1) Prepared & Analyzed: 12/14/04
Calcium 1.95 mg/L 200 97.5 85-115
Magnesium 2.06 " 2.00 103 85-115
Potassium 2.18 " 2.00 109 85-115
Sodium 1.77 " 2.00 88.5 85-115
Duplicate (EL41408-DUP1) Source: 4L03004-01 Prepared & Analyzed: 12/14/04
Calcium 120 1.00 mg/L 127 5.67 20
Magnesium 739 0.100 " 75.1 1.61 20
Potassium 529 0.500 " 537 1.50 20
Sodium 102 1.00 " 97.9 4.10 20

Environmental Lab of Texas

with written approval of Environmental Lab of Texas.

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

The results in this report apply 1o the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,

Page 10 of 12
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Rice Operating Co.

Project: ABO-Apache LA Leak

Fax: (505) 397-1471

122 W. Taylor Project Number: None Given Reported:

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
Notes and Definitions

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit

NR Not Reported

dry Sample results reported on a dry weight basis

RPD Relative Percent Difference

LCS Laboratory Control Spike

MS Matrix Spike

Dup Duplicate

Report Approved By: Date: 12/16/2004

Raland K. Tuttle, Lab Manager

Jeanne Mc Murrey, Inorg. Tech Director

Celey D. Keene, Lab Director, Org. Tech Director James L. Hawkins, Chemist/Geologist

Peggy Allen, QA Officer

Sandra Sanchez, Lab Tech.

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

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

Environmental Lab of Texas

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

with written approval of Environmental Lab of Texas.

12600 West [-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operating Co.
122 W. Taylor
Hobbs NM, 88240

Project: ABO-Apache LA Leak Fax: (505) 397-1471
Project Number: None Given Reported:
Project Manager: Kristin Pope 12/16/04 09:21

Environmental Lab of Texas

The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

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

Page 12 of 12
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Environmental Lab of Texg
Variance I Corrective Action Report — Sample Log-In

client: _face Clpaaitrr
Date/Time: /,7//5/0 y _1/.5¥
Order #: ULC)({OO‘%/

nitials: __ JLH

Sample Receipt Checklist

Temperature of container/cooler? . Yep | No -~y C
Shipping container/cooler in goad condition? (YesS| No
Custody Seals intact on shipping container/cooler? Yes | No (No nt
Custody Seals intact on sample bottles? Yes | No QNot present™s
Chain of custedy present? ¢Yess | No
Sample Instructions complete on Chain of Custody? % Ne
Chain of Custody signed when relinquished and received? {Ye>' | No
Chaln of custody agrees with sample label(s) YeD | No )
Container labels legible and intact? Yes | Ny | A) on 1L /
Sample Matrix and properties same as on chain of custody? Yes | No 7
Samples in proper container/bottle? Pad No
Samples properly preserved? No
Sample bottles intact? e Ne¢
Preservations documented on Chain of Custody? Yes’| No
Containers docurnented on Chain of Custody? No
Sufficient sample amount for indicated test? é: No
All samples received within sufficient hold time? es No
VOC samples have zero headspace? e ! No Not Applicable
Other observations:

Variance Documentation:.
Contact Person: - Date/Time: Contacted by:
Regarding:

Corrective Action Taken:







120600 West 1-20 East - Odessa. Texas 79765

Analytical Report

Prepared for:
Roy Rascon

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

Project: Apache LA Leak MW 1
Project Number: None Given

Location: Abo

Lab Order Number: 4K10011

Report Date: 11/16/04




122 W. Taylor

Rice Operating Co.

Project: Apache LA Leak MW 1

Project Number: None Given

Fax: (505) 397-1471

Reported:

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13
ANALYTICAL REPORT FOR SAMPLES
I Sample ID Laboratory ID Matrix Date Sampled Date Received
SB@9l' 4K10011-01 Soil 11/05/04 11:35 11/10/04 07:50

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

Page 1 of 8



Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471

122 W. Taylor Project Number: None Given Reported:

Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13

Organics by GC
Environmental Lab of Texas
Reporting
Analyte Result Limit  Units  Dilution Batch  Prepared Analyzed Method Notes
SB @ 91' (4K10011-01) Soil
Benzene ND 0.0250 mg/kg dry 25 EK41501 11/12/04 11/12/04 EPA 8021B
Toluene ND 0.0250 " " " " N "
Ethylbenzene ND 0.0250 " [ " " " "
Xylene (p/m) ND 0.0250 . " " " " "
Xylene (o) ND 00250 " " " " " "
Surrogate. a,a,a-Trifluorotoluene 86.5 % 80-120 " " " “
Surrogate: 4-Bromofluorobenzene 106 % 80-120 " " " "
Gasoline Range Organics C6-C12 ND 10.0 mg/kgdry 1 EK41006  11/10/04 11/11/04 EPA 8015M
Diesel Range Organics >C12-C35 ND 10.0 " " " " " "
Total Hydrocarbon C6-C35 ND 10.0 " " " " " "
Surrogate: I-Chlorooctane 97.8 % 70-130 " " n "
Surrogate: 1-Chlorooctadecane 110 % 70-130 " " " "
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page 2 0 £8

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




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

Project: Apache LA Leak MW 1
Project Number: None Given
Project Manager: Roy Rascon

Fax: (505) 397-1471

Reported:
11/16/04 14:13

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

Reporting
Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Notes
SB @ 91' (4K10011-01) Soil
Chloride ND 20.0 mg/kg Wet 2 EK41210 11/10/04 11/11/04 SW 846 9253
% Moisture 3.0 % 1 EK41101 11/10/04 11/11/04 % calculation

Environmental Lab of Texas

The results in this report apply 1o the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,

with written approval of Environmental Lab of Texas.

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

Page 3 of 8




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

December 20, 2004

Mr. Wayne Price R TN e
New Mexico Oil Conservation Division “ EC jw‘ﬁ ‘}; \ / J’:q I
1220 South St. Francis Drive Ll \/ LLLJL,)J

Santa Fe, New Mexico 87505

DEC 2+ 2004
RE:  Abo 1G Leak Site: oil C _ _
Section 1, 17S 36E Unit G 1220 S?’éieilr]‘;a;;n ]?wisiPn
NMOCD Case #1R0414 Santa Fe, NMngc% (I%rlve
Dear Wayne:

Included with this letter is the well log for our drilling event of November 5" and 6",
2004. The well log features lithology, drilling notes, well construction, and field
chloride and PID data. We have also included laboratory results from soil samples
collected during the drilling and a site map with the position of this monitoring well,
LA MW-1. In addition, the attached laboratory results of the first ground water
sample from this well show no impact to ground water.

Sincerely,
R.T. Hicks Consultants, Ltd.

David Hamilton
Project Hydrologist

Copy: Kristin Farris Pope
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LAR OF

NVIRONMENTAL

12600 West 1-20 East « Oddessa, Texns 79768

Analytical Report

Prepared for:
Kristin Pope

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

Project: ABO-Apache LA Leak
Project Number: None Given

Location: Lovington

Lab Order Number: 4L06004

Report Date: 12/16/04




Rice Operating Co. ) Project; ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

ANALYTICAL REPORT FOR SAMPLES

[Sample D Labaratory ID Matrix Date Sampled Date Received
MWw-1 41.06004-01 Water 12/03/04 08:30 12/06/04 10:35
Page 1 of 12

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




Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
Organics by GC
Environmental Lab of Texas
Reporting
Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Notes
MW-1 (41.06004-01) Water
Benzene ND 0.00100 mg/L i EL40913 12/08/04 12/08/04 EPA 8021B
Toluene ND 0.00100 " " " “ " "
Ethylbenzene ND 0.00100 " " " " " "
Xylene (p/m) ND 0.00100 * N N - - N
Xylene (o) ND 0.00100 " " " ' " "
Surrogate: a,a,a-Trifluorotoluene 101 % 80-120 " " " ”
Surrogate: 4-Bromofluorobenzene 96.0 % 80-120 ” " " "

Environmental Lab of Texas

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

Page 2 of 12
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Rice Operating Co.
122 W. Taylor
Hobbs NM, 88240

Project: ABO-Apache LA Leak Fax: (505) 397-1471
Project Number: None Given Reported:
Project Manager: Kristin Pope 12/16/04 09:21

General Chemistry Parameters by EPA / Standard Methods

Environmental Lab of Texas

Reporting
Analyte Result Limit  Units Dilution  Batch Prepared Analyzed Method Notes
MW-1 (4L06004-01) Water
Total Alkalinity 142 200 mg/lL 1 EL41406 12/10/04 12/10/04 EPA 310.2M
Chloride 80.5 5.00 " 10 EL40916  12/08/04 12/08/04 EPA 300.0
Total Dissolved Solids 329 5.00 " 1 EL40702 12/06/04 12/07/04 EPA 160.1
Sulfate 85.7 5.00 " 10 EL40916  12/08/04 12/08/04 EPA 300.0
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page 3 of 12

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




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

Project: ABO-Apache LA Leak Fax: (505) 397-1471
Project Number: None Given Reported:
Project Manager: Kristin Pope 12/16/04 09:21

Total Metals by EPA / Standard Methods
Environmental Lab of Texas

Reporting
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes
MW-1 (41.06004-01) Water
Calcium 60.0 0.100 mgl 10 EL41408  12/14/04 12/14/04 EPA 6010B
Magnesium 12.9 0.0100 " ' " " " " "
Potassium 2.67 0.500 " " " " " "
Sodium 424 0.100 " N " " " "
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page dof 12

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




Rice Qperating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W, Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

Organices by GC - Quality Control

Environmental Lab of Texas

Reporting Spike Source %REC RPD

Analyte Result Limit  Units Level Result %REC Limits RPD Limit Notes
Batch EL40913 - EPA 5030C (GC)
Blank (EL40913-BLK1) Prepared & Anatyzed: 12/08/04
Benzene ND 0.00100 mg/L
Toluene ND 0.00100 "
Ethylbenzene ND 0.00100 "
Xylene (p/m) ND 0.00100 "
Xylene (o) ND 0.00100 "
Surrogate: a,a,a-Trifluorotoluene 19.8 ug/l 20.0 99.0 80-120
Surrogate: 4-Bromofluorobenzene 17.4 ” 20.0 87.0 80-120
LCS (EL40913-BS1) Prepared & Analyzed: 12/08/04
Benzene 9.3 ug/l 100 943 80-120
Toluene 97.6 " 100 97.6 80-120
Ethylbenzene 96.2 " 100 96.2 80-120
Xylene (p/m) 194 " 200 97.0 80-120
Xylene (o) 99.5 " 100 99.5 80-120
Surrogate: a,a,a-Trifluorotoluene 17.8 4 20.0 89.0 80-120
Surrogate: 4-Bromofluorobenzene 22.1 " 20.0 110 80-120

LCS Dup (EL40913-BSD1) Prepared & Analyzed: 12/08/04
Benzene 974 ug/l 100 974 80-120 3.23 20
Toluene 100 " 100 100 80-120 2.43 20
Ethylbenzene 102 " 100 102 80-120 5.85 20
Xylene (p/m) 202 . 200 101 80-120 4.04 20
Xylene (0} 103 " 100 103 80-120 3.46 20
Surrogate: a,a,a-Trifluorotoluene 18.7 " 20.0 935 80-120
Surrogate: 4-Bromofluorobenzene 22.2 " 20.0 m 80-120
Calibration Check (EL40913-CCV1) Prepared & Analyzed: 12/08/04

Benzene 97.0 ug/l 100 97.0 80-120
Toluene 9.1 " 100 99.1 80-120

Ethylbenzene 101 " 100 101 80-120
Xylene (p/m) 199 " 200 995 80-120
Xylene (o) 101 " 100 101 80-120
Surrogate: a,a,a-Trifluorotoluene 19.4 " 20.0 97.0 80-120
Surrogate: 4-Bromofluorobenzene 215 " 20.0 108 80-120

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

Page 5 of 12
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Rice Operating Co. Project; ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
Organics by GC - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL40913 - EPA 5030C (GC)
Matrix Spike (EL40913-MS1) Source: 4L06002-01 Prepared & Analyzed: 12/08/04
Benzene 102 ug/l 100 ND 102 80-120
Toluene 102 " 100 ND 102 80-120
Ethylbenzene 101 A 100 ND 101 80-120
Xylene (p/m) 203 " 200 ND 102 80-120
Xylene (0) 11 " 100 ND 111 80-120
Surrogate: a,a,a-Trifluorotoluene 184 ” 200 92.0 80-120
Surrogate: 4-Bromofluorobenzene 19.5 " 20.0 97.5 80-120

Environmental Lab of Texas

The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operating Co.
122 W. Taylor

Project: ABO-Apache LA Leak
Project Number: None Given Reported:

Fax: (505) 397-1471

Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
General Chemistry Parameters by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL40702 - General Preparation (WetChem)
Blank (EL40702-BLK1) Prepared: 12/06/04 Analyzed: 12/07/04
Total Dissolved Solids ND 5.00 mg/L
Duplicate (EL40702-DUP1) Source: 4L.03001-01 Prepared: 12/06/04 Analyzed: 12/07/04
Total Dissolved Solids 4120 5.00 mg/L 4030 221 20
Batch EL40916 - General Preparation (WetChem)
Blank (EL40916-BLK1) ‘ Prepared & Analyzed: 12/08/04
Chloride 0.00 0500 mg/L
Sulfate 0.00 0.500 "
Blank (EL40916-BLLK2) Prepared & Analyzed: 12/08/04
Sulfate 0.00 0.500 mg/L
Chloride 0.00 0.500 "
LCS (EL40916-BS1) Prepared & Analyzed: 12/08/04
Chloride 9.75 0.500 mg/L 10.0 97.5 80-120
Sulfate 1.7 0.500 " 10.0 117 80-120
LCS (EL40916-BS2) . Prepared & Analyzed: 12/08/04
Chloride 9.77 0500 mg/L 10.0 97.7 80-120
Sulfate 11.8 0.500 " 10.0 118 80-120
LCS Dup (EL40916-BSD1) Prepared & Analyzed: 12/08/04
Sulfate 118 0.500 mg/L 10.0 118 80-120 0.851 20
Chloride 9.83 0.500 " 10.0 98.3 80-120 0.817 20

Environmental Lab of Texas

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

Page 7 of 12
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Rice Operating Co.
122 W. Taylor

Project: ABO-Apache LA Leak
Project Number: None Given

Fax: (505) 397-1471

Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21
General Chemistry Parameters by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL40916 - General Preparation (WetChem)
LCS Dup (EL40916-BSD2) Prepared & Analyzed: 12/08/04
Chloride 9.74 0.500 mg/L 10.0 97.4 80-120 0.308 20
Sulfate 1.7 0.500 " 10.0 117 80-120 0.851 20
Calibration Check (EL40916-CCV1) Prepared & Analyzed: 12/08/04
Chloride 9.79 mg/L 10.0 97.9 80-120
Sulfate 1.7 " 10.0 117 80-120
Calibration Check (EL40916-CCV2) Prepared & Analyzed: 12/08/04
Chloride 9.80 mg/L 10.0 98.0 80-120
Sulfate 11.7 . 10.0 117 80-120
Duplicate (EL40916-DUP1) Source: 4L03001-01 Prepared & Analyzed: 12/08/04
Chloride 1570 20.0 mg/L 1330 16.6 20
Sulfate 809 20.0 " 682 17.0 20
Duplicate (EL40916-DUP2) Source: 41.06003-02 . Prepared & Analyzed: 12/08/04
Chloride 731 200 mg/L 725 0.824 20
Sulfate 1210 20.0 " 1200 0.830 20
Batch EL41406 - General Preparation (WetChem)
Blank (EL41406-BLK1) Prepared & Analyzed: 12/10/04
Total Alkalinity ND 200 mgl
Duplicate (EL41406-DUP1) Source: 4L.06003-01 ' Prepared & Analyzed: 12/10/04
Total Alkalinity 161 2.00 mg/L 160 0.623 20

Environmental Lab of Texas

The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

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

Page 8 of 12




Rice Operating Co. Project; ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL41406 - General Preparation (WetChem)
Reference (EL41406-SRM1) Prepared & Analyzed: 12/10/04
Carbonate Alkalinity 0.0501 mg/L . 0.0500 100 80-120
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmentai Lab of Texas.

Page 9 of 12
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Rice Operating Co. Project: ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager. Kristin Pope 12/16/04 09:21
Total Metals by EPA / Standard Methods - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EL41408 - 6010B/No Digestion
Blank (EL41408-BLK1) Prepared & Analyzed: 12/14/04
Calcium ND 0.0100 mg/L
Magnesium ND 0.00100 "
Potassium ND 0.0500 v
Sodium ND 0.0100 "
Calibration Check (EL41408-CCV1) Prepared & Analyzed: 12/14/04
Calcium 1.95 mg/L 2.00 9715 85-115
Magnesium 2.06 " 2.00 103 85-115
Potassium 2.18 " 2.00 109 85-115
Sodium 177 " 2.00 88.5 85-115
Duplicate (EL41408-DUP1) Source: 41.03004-01 Prepared & Analyzed: 12/14/04
Calcium 120 1.00 mg/L 127 567 20
Magnesium 73.9 0.100 " 75.1 1.61 20
Potassium 5.29 0.500 " 537 1.50 20
Sodium 102 1.00 " 979 4.10 20

Environmental Lab of Texas

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

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Rice Operating Co. Project; ABO-Apache LA Leak Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Kristin Pope 12/16/04 09:21

Notes and Definitions

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit

NR Not Reported

dry Sample results reported on a dry weight basis

RPD Relative Percent Difference

LCS Laboratory Control Spike

MS Matrix Spike

Dup Duplicate

LR

Report Approved By: Date: 12/16/2004
Raland K. Tuttle, Lab Manager Jeanne Mc Murrey, Inorg. Tech Director
Celey D. Keene, Lab Director, Org. Tech Director James L. Hawkins, Chemist/Geologist
Peggy Allen, QA Officer Sandra Sanchez, Lab Tech.

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

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

Environmental Lab of Texas The results in this report apply 1o the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

Page 11 of 12
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Rice Operating Co.
122 W. Taylor
Hobbs NM, 88240

Project: ABO-Apache LA Leak
Project Number: None Given
Project Manager: Kristin Pope

Fax: (505) 397-1471

Reported:
12/16/04 09:21

Environmental Lab of Texas

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

with written approval of Environmental Lab of Texas.

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Environmental Lab of Texas
Variance / Corrective Action Report — Sample Log-In

Client; /Z;(c, O’ma 7[;,7
Date/Time: /2/4/9 y 1} 5¥
Order#: _ ML Of 0057/

initials: ( :ﬂ/ H
Sample Receipt Chegkiist
Temperature of container/cooler? Yep | No -y C
Shipping container/cocler in good condition? YesH| No
Custody Seals intact on shipping container/cooler? Yes | No {No nt™
Custody Seals intact on sample bottles? Yes | No Quot present™s
Chain of custody present? ¢Yesi | No
Sample Instructions complete on Chain of Custody? @:&s‘"ﬂ No
Chain of Custody signed when relinquished and received? {Yes | No
Chain of custody agrees with sample label(s) (Ye> | No , ,
Container labels legible and intact? Yes | (NN | Aulubd on /¢ 42
Sample Matrix and properties same as on chain of custody? Yes | No
Samples in proper container/hottle? e ] No
Samples properly preserved? @) No
Sample bottles intact? ’ e | No
Preservations documented on Chain of Custody? Yes’ ! No
Containers documented on Chain of Custody? e | No
Sufiicient sample amount for indicated test? : e No
All samples received within sufficient hold fime? e | No
VOC samples have zero headspace? YeS | No Not Applicable
Other observations:

Variance Documentation:
Contact Person: - Date/Time: Contacted by:
Regarding:

Corrective Action Taken:




NYIRONMENTAL
LAB OF

12600 West 1-20 Fast - Odessy, Texns 79763

Analytical Report

Prepared for:
Roy Rascon

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

Project: Apache LA Leak MW 1
Project Number: None Given

Location: Abo

Lab Order Number: 4K10011

Report Date: 11/16/04




Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13
ANALYTICAL REPORT FOR SAMPLES
[ Sample ID Laboratory ID Matrix Date Sampled Date Reuiveq
SB @9l 4K10011-01 Soil 11/05/04 11:35 11/10/04 07:50
Page 1 of 8

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



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

Project Number: None Given
Project Manager: Roy Rascon

Projcct: Apache LA Leak MW 1

Fax: (505) 397-1471

Reported:
11/16/04 14:13

Organics by GC
Environmental Lab of Texas
Reporting
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes
SB @ 91' (4X10011-01) Soil
Benzene ND 0.0250 mg/lkg dry 25 EK41501 11/12/04 11/12/04 EPA 8021B
Toluene ND 0.0250 " " " " "
Ethylbenzene ND 0.0250 " " " " " "
Xylene (p/m) ND 0.0250 " " . . " "
Xylene (0) ND 0.0250 " " " " "
Surrogate: a,a,a-Trifluorotoluene 86.5 % 80-120 " " ” "
Surrogate: 4-Bromofluorobenzene 106 % 80-120 ” " " "
Gasoline Range Organics C6-C12 ND 10.0 mg/kg dry 1 EK41006  11/10/04 11/11/04 EPA 8015M
Diesel Range Organics >C12-C35 ND 10.0 ’ . " g " "
Total Hydrocarbon C6-C35 ND 10.0 " " “ " " "
Surrogate: 1-Chlorooctane 97.8% 70-130 “ " “ 4
Surrogate: 1-Chlorooctadecane 110% 70-130 4 " " "

Environmental Lab of Texas

The results in this report apply 1o the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

12600 West I-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Fax: (505) 397-1471

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

Project Apache LA Leak MW 1

Project Number. None Given
Project Manager: Roy Rascon

Reported:

11/16/04 14:13

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

Reporting
Analyte Result Limit Units Dilution Batch Prepared Analyzed Method Notes
SB @ 91' (4K10011-01) Soil
Chloride ND 20.0 mg/kg Wet 2 EK41210 11/10/04 11/11/04 SW 846 9253
% Moisture 3.0 % 1 EK41101  11/10/04 11/11/04 % calculation

Environmental Lab of Texas

The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

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

Page 3 of 8




Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471

122 W. Taylor Project Number: None Given Reported:

Hobbs NM, 88240 Projec[ Manager: Roy Rascon 11/16/04 14:13

Organics by GC - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD

Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EK41006 - Solvent Extraction (GC)
Blank (EK41006-BLK1) Prepared: 11/10/04 Analyzed: 11/11/04
Gasoline Range Organics C6-C12 ND 10.0  mg/kg wet
Diesel Range Organics >C12-C35 ND 10.0 v
Total Hydrocarbon C6-C35 ND 10.0 "
Surrogate: 1-Chlorooctane 383 mg'kg 30.0 76.6 70-130
Surrogate: 1-Chlorooctadecane 44.6 " 50.0 89.2 70-130
LCS (EK41006-BS1) Prepared: 11/10/04 Analyzed: 11/11/04
Gasoline Range Organics C6-C12 422 10.0 mg/kg wet 500 84.4 75-125
Diesel Range Organics >C12-C35 471 10.0 " 500 942 75-125
Total Hydrocarbon C6-C35 893 10.0 " 1000 89.3 75-125
Surrogate: I-Chlorooctane 46.3 mg'kg 500 926 70-130
Surrogate: ]-Chlorooctadecane 45.6 " 500 912 70-130
Calibration Check (EK41006-CCV1) Prepared: 11/10/04 Analyzed: 11/11/04
Gasoline Range Organics C6-C12 503 mg/kg 500 101 80-120
Diesel Range Organics >C12-C35 564 " 500 113 80-120
Total Hydrocarbon C6-C35 1070 " 1000 107 80-120
Surrogate: 1-Chlorooctane 51.2 i 50.0 102 70-130
Surrogate: 1-Chlorooctadecane 34.2 " 500 108 70-130
Matrix Spike (EK41006-MS1) Source: 4K10009-02 Prepared: 11/10/04 Analyzed: 11/11/04
Gasoline Range Organics C6-C12 522 10,0 mg/kg dry 521 ND 100 75-125
Diesel Range Organics >C12-C35 586 10.0 " 521 ND 112 75-125
Total Hydrocarbon C6-C35 1110 10.0 " 1040 ND 107 75-125
Surrogate: 1-Chlorooctane 35.6 mgrkg 500 117 70-130
Surrogate: 1-Chlorooctadecane 51.8 " 500 104 70-130
Matrix Spike Dup (EK41006-MSD1) Source: 4K10009-02 Prepared: 11/10/04 Analyzed: 11/11/04
Gasoline Range Organics C6-C12 538 10.0 mg/kg dry 521 ND 103 75-125 3.02 20
Diesel Range Organics >C12-C35 595 10.0 " 521 ND 114 75-125 1.52 20
Total Hydrocarbon C6-C35 1130 10.0 " 1040 ND 109 75-125 1.79 20
Surrogate: 1-Chiorooctane 58.2 mg/kg 500 116 70-130

Surrogate: 1-Chlorooctadecane 59.9 " 500 120 70-130

Environmental Lab of Texas The resulls in this report apply 10 the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmenial Lab of Texas. Page 4 of 8

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




Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13
Organics by GC - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EK41501 - EPA 5030C (GC)
Blank (EK41501-BLK1) Prepared & Analyzed: 11/12/04
Benzene ND 0.0250  mg/kg wet
Toluene ND 0.0250 "
Ethylbenzene ND 0.0250 "
Xylene (p/m) ND 0.0250 "
Xylene (o) ND 0.0250 "
Surrogate: a,a,a-Trifluorotoluene 91.3 ug’kg 100 913 80-120
Surrogate: 4-Bromofluorobenzene 96.4 " 160 96.4 80-120
LCS (EK41501-BS1) Prepared & Analyzed: 11/12/04
Benzene 95.0 ug/kg 100 95.0 80-120
Toluene 96.5 " 100 96.5 80-120
Ethylbenzene 917 " 100 97.7 80-120
Xylene (p/m) 216 " 200 108 80-120
Xylene (0) 101 " 100 101 80-120
Surrogate: a,a,a-Trifluorotoluene 103 " 100 103 80-120
Surrogate: 4-Bromofluorobenzene 109 " 100 109 80-120
Calibration Check (EK41501-CCV1) Prepared: 11/12/04 Analyzed: 11/15/04
Benzene 102 ug/kg 100 102 80-120
Toluene 103 " 100 103 80-120
Ethylbenzene 109 " 100 109 80-120
Xylene (p/m) 237 " 200 118 80-120
Xylene (o) 116 " 100 116 80-120
Surrogate: a,a,a-Trifluorotoluene 112 " 100 112 80-120
Surrogate: 4-Bromofluorobenzene 119 " 100 119 80-120
Matrix Spike (EK41501-MS1) Source: 4K12001-07 Prepared & Analyzed: 11/12/04
Benzene 2760 ug/kg 2500 83.0 107 80-120
Toluene 2770 " 2500 235 101 80-120
Ethylbenzene 2720 " 2500 222 99.9 80-120
Xylene (p/m) 6780 " 5000 1210 111 80-120
Xylene (o) 4350 " 2500 1730 105 80-120
Surrogate: a,a,a-Trifluorotoluene 101 " 100 101 80-120
Surrogate: 4-Bromofluorobenzene 111 " 100 111 80-120
Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page 50 £8

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




Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13
Organics by GC - Quality Control
Environmental Lab of Texas
Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EK41501 - EPA 5030C (GC)
Matrix Spike Dup (EK41501-MSD1) Source: 4K12001-07 Prepared & Analyzed: 11/12/04
Benzene 2890 ugfkg 2500 83.0 112 80-120 4.57 20
Toluene 2900 " 2500 235 107 80-120 577 20
Ethylbenzene 2850 " 2500 222 105 80-120 4.98 20
Xylene (p/m) 7040 " 5000 1210 117 80-120 5.26 20
Xylene (0) 4490 K 2500 1730 110 80-120 4.65 20
Surrogate: a,a,0-Trifluorotoluene 94.3 " 100 94.3 80-120
Surrogate: 4-Bromofluorobenzene 108 " 100 108 80-120
Environmental Lab of Texas The resulls in this report apply 1o the samples analyzed in accordance with the samples
received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas. Page 60f8

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




Rice Operating Co. Project: Apache LA Leak MW 1
122 W. Taylor Project Number: None Given
Hobbs NM, 88240 Project Manager: Roy Rascon

Fax: (505) 397-1471

Reported:
11/16/04 14:13

General Chemistry Parameters by EPA / Standard Methods - Quality Control

Environmental Lab of Texas

Reporting Spike Source %REC RPD
Analyte Result Limit Units Level Result %REC Limits RPD Limit Notes
Batch EK41101 - General Preparation (Prep)
Blank (EK41101-BLK1) Prepared: 11/10/04 Analyzed: 11/11/04
% Moisture 0.0 %
Duplicate (EK41101-DUP1) Source: 4K10004-01 Prepared: 11/10/04 Analyzed: 11/11/04
% Moisture 7.0 % 7.0 0.00 20
Batch EK41210 - Water Extraction
Blank (EK41210-BLK1) Prepared: 11/10/04 Analyzed: 11/11/04
Chloride ND 20.0 mg/kg Wet
Matrix Spike (EK41210-MS1) Source: 4K10010-01 - Prepared: 11/10/04 Analyzed: 11/11/04
Chloride 1060 20.0 mg/kg Wet 500 510 110 80-120
Matrix Spike Dup (EK41210-MSD1) Source: 4K10010-01 Prepared: 11/10/04 Analyzed: 11/11/04
Chloride 1040 200 mg/kg Wet 500 510 106 80-120 1.90 20
Reference (EK41210-SRM1) Prepared & Analyzed: 11/11/04
Chloride 5050 10.0 mg/kg Wet 5000 101 80-120

Environmental Lab of Texas

The results in this report apply to the samples analyzed in accordance with the samples

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

with written approval of Environmental Lab of Texas.

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

Page 7 of 8




Rice Operating Co. Project: Apache LA Leak MW 1 Fax: (505) 397-1471
122 W. Taylor Project Number: None Given Reported:
Hobbs NM, 88240 Project Manager: Roy Rascon 11/16/04 14:13

Notes and Definitions

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit

NR Not Reported

dry Sample results reporied on a dry weight basis

RPD Relative Percent Difference

LCS Laboratory Control Spike

MS Matrix Spike

Dup Duplicate

nd K fbuds

Report Approved By: EOUQ am d K Date: 11/16/2004
Raland K. Tuttle, Lab Manager Jeanne Mc Murrey, Inorg. Tech Director
Celey D. Keene, Lab Director, Org. Tech Director James L. Hawkins, Chemist/Geologist
Peggy Allen, QA Officer Sandra Sanchez, Lab Tech.

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

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

Environmental Lab of Texas The results in this report apply to the samples analyzed in accordance with the samples

received in the laboratory. This analytical report must be reproduced in its entirety,
with written approval of Environmental Lab of Texas.

Page 8 of 8

12600 West 1-20 East - Odessa, Texas 79705 - (432) 563-1800 - Fax (432) 563-1713
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Environmental Lab of Texas
Variance / Corrective Action Report — Sample Log-in

Ciient _Rice Oge«—-cz\-;hﬁ (o

Date/Time: \-w-ov . (1DOC

s

Order #: HK O 1

Initials: MM
Sample Receipt Checklist
Temperature of container/cooler? (Yeso! No 2.5 C
Shipping container/cooler in good condition? es’] No
Custody Seals intact on shipping container/caoler? Yes No (Not present,
Custedy Seals intact on sampie bottles? Yes { No (Not prasent
Chain of custody present? esn! No | —
Sample Instructions complete on Chain of Custody? (Tes | No
Chain of Custody signed when refinquished and received? Yed | No
Chain of custady agrees with sample label(s) Qes*| No
Container labels legible and intact? (YesA No |
Sample Matrix and properties same as on chain of custody? e3> No
Samples in proper cantainer/botile? - ¢ress! No
Samples properly preserved? | Fes3l No
Sample bottles intact? e No
Preservations dacumented on Chain of Custody? Yes) | No
Containers documented on Chain of Custody? (Fes>| No |
Sufficient sample amount for indicated test? . &1 Mo
All samples received within sufficient hold time? (P& i No
VOC samples have zero headspace? iYes3| Nc Nct Applicabie
Qther observations:
Variance Documentation:
Contact Person: - Date/Time: Contacted by:
Regarding:

Corrective Action Taken:
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_Price, Wayne

From: Price, Wayne

Sent: Monday, December 20, 2004 8:31 AM

To: 'Carolyn Doran Haynes'; Price, Wayne; Kristin Farris Pope (E-mail)
Cc: Randall Hicks (E-mail)

Subject: RE: Lovington ABO leak site 1R0414

The case # for this site is 1R0415. NOT 1R0414

————— Original Message-----

From: Carolyn Doran Haynes [mailto:cdhriceswd@leaco.net]
Sent: Wednesday, December 15, 2004 3:09 PM

To: 'Price, Wayne'

Subject: FW: Lovington ABO leak site 1R0414

Dear Mr. Price;

Please review the case number for this site as it has been referred to as
414 and 415 in various communications.

Thank you,
Carolyn Haynes

————— Original Message-----

From: Carolyn Doran Haynes [mailto:cdhriceswde@leaco.net]
Sent: Tuesday, December 14, 2004 4:37 PM

To: 'Price, Wayne'

Cc: R@rthicksconsult.com; 'Kristin Farris'

Subject: FW: Lovington ABO leak site 1R0414

Dear Mr. Price:

You requested further information by today on this work site (as described
below in your email).

The plot plan and boring log will be sent via RT Hicks Consultants before
the end of the week (December 17). The monitor well has been developed and
was sampled November 24th. The samples were sent to Environmental Labs of
Texas and ROC is awaiting results. Results will be submitted as soon as
received.

Thank you,
Carolyn Haynes

————— Original Message-----

From: Rice Operating [mailto:riceswd@leaco.net]
Sent: Tuesday, December 07, 2004 1:26 PM

To: Haynes, Carolyn Doran

Subject: Fw: Lovington ABO leak site 1R0414

————— Original Message -----

From: "Price, Wayne" <WPrice@state.nm.us>

To: "Carolyn Doran Haynes (E-mail)" <riceswdeleaco.net>; "Kristin Farris
Pope (E-mail)" <enviro@leaco.net>

Cc: "Pat Wise (E-mail)" <pwise@lovington-nm.org>; "Patrick B. McMahon
(E-mail) " <hsncpbm@leaco.net>

Sent: Tuesday, December 07, 2004 10:13 AM

Subject: Lovington ABO leak site 1R0414
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Please provide a plot plan showing the location of the new monitor well,
please send boring log and all analytical results by December 14, 2004.

Sincerely:

Wayne Price

New Mexico 0il Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax: 505-476-3462

E-mail: WPRICE@state.nm.us

Confidentiality Notice: This e-mail,including all attachments is for the
sole use of the intended recipient(s) and may contain confidential and
privileged information. Any unauthorized review,use,disclosure or
distribution is prohibited unless specifically provided under the New
Mexico Inspection of Public Records Act. If you are not the intended
recipient, please contact the sender and destroy all copies of this
message. -- This email has been scanned by the MessagelLabs Email Security

System.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email




Price, Wayne

From: Carolyn Doran Haynes [cdhriceswd@leaco.net]
Sent: Tuesday, December 14, 2004 3:37 PM

To: 'Price, Wayne'

Cc: R@rthicksconsult.com; 'Kristin Farris'

Subject: FW: Lovington ABO leak site 1R0414

Dear Mr. Price:

You requested further information by today on this work site (as described
below in your email).

The plot plan and boring log will be sent via RT Hicks Consultants before
the end of the week (December 17). The monitor well has been developed and
was sampled November 24th. The samples were sent to Environmental Labs of
Texas and ROC is awaiting results. Results will be submitted as soon as
received.

Thank you,
Carolyn Haynes

————— Original Message-----

From: Rice Operating [mailto:riceswd@leaco.net]
Sent: Tuesday, December 07, 2004 1:26 PM

To: Haynes, Carolyn Doran

Subject: Fw: Lovington ABO leak site 1R0414

————— Original Message -----

From: "Price, Wayne" <WPricee@state.nm.us>

To: "Carolyn Doran Haynes (E-mail)" <riceswd@leaco.nets>; "Kristin Farris
Pope (E-mail)" <enviro@leaco.net>

Cc: "Pat Wise (E-mail)" <pwise@lovington-nm.org>; "Patrick B. McMahon
(E-mail)" <hsncpbm@leaco.net>

Sent: Tuesday, December 07, 2004 10:13 AM

Subject: Lovington ABO leak site 1R0414

Please provide a plot plan showing the location of the new monitor well,
please send boring log and all analytical results by December 14, 2004.

Sincerely:

Wayne Price

New Mexico 0il Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax: 505-476-3462

E-mail: WPRICE®state.nm.us

Confidentiality Notice: This e-mail, including all attachments is for the
sole use of the intended recipient(s) and may contain confidential and
privileged information. Any unauthorized review,use,disclosure or
distribution is prohibited unless specifically provided under the New
Mexico Inspection of Public Records Act. If you are not the intended
recipient, please contact the sender and destroy all copies of this
message. -- This email has been scanned by the MessageLabs Email Security

VVVVVVVVVVVVVVVVVVVVYV
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This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email
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Price, Wayne

From: Price, Wayne

Sent: Tuesday, December 07, 2004 10:18 AM
To: Price, Wayne

Subject: RE: Lovington ABO leak site 1R0414

Sorry this project is 1R0415 not 414

From: Price, Wayne

Sent: Tuesday, December 07, 2004 10:14 AM

To: Carolyn Doran Haynes (E-mail); Kristin Farris Pope (E-mail)
Cc: Pat Wise (E-mail); Patrick B. McMahon (E-mail)

Subject: Lovington ABO leak site 1R0414

Please provide a plot plan showing the location of the new monitor well, please send boring log and all analytical
results by December 14, 2004.

Sincerely:

Wayne Price

New Mexico Oil Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax: 505-476-3462

E-mail: WPRICE@state.nm.us




Price, Wayne

From: Price, Wayne

Sent: Tuesday, December 07, 2004 10:14 AM

To: Carolyn Doran Haynes (E-mail); Kristin Farris Pope (E-mail)
Cc: Pat Wise (E-mail); Patrick B. McMahon (E-mail)

Subject: Lovington ABO leak site 1R04_1'4

Please provide a plot plan showing the location of the new monitor well, please send boring log and all analytical results by
December 14, 2004.

Sincerely:

Wayne Price

New Mexico Oil Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax:  505-476-3462

E-mail: WPRICE@state.nm.us
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Price, Wayne l %

From: Randall Hicks [R@rthicksconsult.com]
Sent:  Thursday, November 04, 2004 1:02 PM
To: 'Pat Wise (E-mail)’

Cc: 'Kristin Farris Pope'; david@rthicksconsult.com; 'Sheeley, Paul’; 'Johnson, Larry'; 'Price, Wayne';
'Patrick B. McMahon (E-mail)’

Subject: RE: Lovington Abo

Mr. Wise

About 5 minutes ago, I was informed that we should have obtained a permit for tomorrow’s
monitor well installation activity at the Abo-1G site (see attached map). I immediately called
your office and spoke with Charles who told me the purpose of the permit process is to make
sure the City remains informed about what is going on near your wells.

May I assume that our notification sent to you on 11/1/04 and copies of previous
correspondence with the NMOCD will serve as a permit application for this first time? And I
promise that for any future activity of R.T. Hicks Consultants on City property we will fill out
the appropriate permits.

Thanks for understanding about this lapse on my part. If you have any questions regarding
our work at this site, please contact me.

Randy Hicks
505-266-5004

From: Price, Wayne [mailto:WPrice@state.nm.us]

Sent: Thursday, November 04, 2004 11:42 AM

To: 'Randall Hicks'; Price, Wayne; Pat Wise (E-mail); Patrick B. McMahon (E-mail)
Cc: Kristin Farris Pope; david@rthicksconsult.com; Sheeley, Paul; Johnson, Larry
Subject: RE: Lovington Abo

OCD approves of the installation of the monitor well and sampling of the soil and water. OCD
will require that the sample of the soil in the boring be conducted every 5 feet to
groundwater.

At this time OCD does not approve of the remediation work. OCD will evaluate the monitor
well results and soil boring results before we approve the remediation plan. We will also wait
on comments from the City of Lovington.

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Thursday, October 28, 2004 9:05 AM

To: 'Price, Wayne'

Cc: Kristin Farris Pope; david@rthicksconsult.com

11/5/2004
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Subject: Lovington Abo
Wayne

Here is our plan for drilling at the Lovington Abo spill

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain
information belonging to the sender, which may be confidential, legally privileged, and exempt from
disclosure under applicable law. The information is intended only for the use of the individual or
entity to which it is addressed, as indicated above. If you are not the intended recipient, any
disclosure, copying, distribution, or action taken in reliance on the information contained in this
electronic communication is strictly prohibited. If you have received this transmission in error, please
notify us immediately by telephone and return the original message to us at the address listed above.
Thank you.

This email has been scanned by the Messagelabs Email Security System.
For more information please visit http://www.messagelabs.com/email

Confidentiality Notice: This e-mail,including all attachments is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unauthorized
review,use,disclosure or distribution is prohibited unless specifically provided under the New
Mexico Inspection of Public Records Act. If you are not the intended recipient, please contact
the sender and destroy all copies of this message. -- This email has been scanned by the
Messagelabs Email Security System.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

11/5/2004
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Price, Wayne

From: Price, Wayne

Sent:  Thursday, November 04, 2004 11:42 AM

To: '‘Randall Hicks'; Price, Wayne; Pat Wise (E-mail); Patrick B. McMahon (E-mail)
Cc: Kristin Farris Pope; david@rthicksconsult.com; Sheeley, Paul; Johnson, Larry
Subject: RE: Lovington Abo ’

OCD approves of the installation of the monitor well and sampling of the soil and water. OCD will require that the
sample of the soil in the boring be conducted every 5 feet to groundwater.

At this time OCD does not approve of the remediation work. OCD will evaluate the monitor well results and soil
boring results before we approve the remediation plan. We will also wait on comments from the City of Lovington.

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Thursday, October 28, 2004 9:05 AM

To: 'Price, Wayne'

Cc: Kristin Farris Pope; david@rthicksconsult.com
Subject: Lovington Abo

Wayne
Here is our plan for drilling at the Lovington Abo spill

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information
belonging to the sender, which may be confidential, legally privileged, and exempt from disclosure under
applicable law. The information is intended only for the use of the individual or entity to which it is addressed,
as indicated above. If you are not the intended recipient, any disclosure, copying, distribution, or action taken
in reliance on the information contained in this electronic communication is strictly prohibited. If you have
received this transmission in error, please notify us immediately by telephone and return the original message
to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

11/4/2004
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Price, Wayne

From: Randall Hicks [R@rthicksconsult.com]

Sent: Thursday, October 28, 2004 9:05 AM

To: 'Price, Wayne'

Cc: Kristin Farris Pope; david@rthicksconsult.com
Subject: Lovington Abo

Wayne

Here is our plan for drilling at the Lovington Abo spill

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by
telephone and return the original message to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

11/4/2004




R. T. HiIcKS CONSULTANTS, LTD.
901 Rio Grande Blvd NW A Suite F-142 A Albuquerque, NM 87104 A 505.266.5004 A Fax: 505.266-0745

October 28, 2004

Mr. Wayne Price

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE: Abo 1G Leak Site:
Section 1, 17S 36E Unit G
Response to NMOCD email and Notification of Field Activities

Dear Wayne:

Rice Operating Company (ROC) intends to move forward with the construction of a
ground water monitoring well as we discussed at our meeting last week. Please
accept this letter as our notification of field activities, which we will commence on
November 4 or 5. You or individuals in the Hobbs District Office may contact Dave
Hamilton on his cell phone (505-977-4671) on Wednesday November 3 to determine .- { Comment: Should tis be me iww@
the start date for this monitoring well. Andrew?

We intend to perform the following actions to respond to your recent comments on
the Corrective Action Plan.

1. We will construct a 2-inch monitoring well with 5 feet of screen above the
observed water table and 15 feet of screen within the water table.
Because the water levels in the Ogallala Aquifer are generally declining,
we are placing more screen in the saturated zone than typically requested
by NMOCD. We will locate this well adjacent to SB-1 (see Plate 1 of our
August 31, 2004 letter, attached)

2. During the air-rotary boring of this well, we will collect 2.5-foot split spoon
samples at five-foot intervals from 5 feet bgs to 50 feet bgs. From 50 feet
bgs to the water table (about 77 feet).

3. We will examine the split spoon samples and cuttings and create a
lithologic profile of the vadose zone.

4. ROC staff will evaluate the split spoon samples in the field for chloride
concentration using the silver nitrate titration method.

5. We will submit two sample splits to a laboratory for analysis of chloride in
soil as quality assurance for the field sampling protocol.

6. At least two weeks after completion of the well, ROC will collect a water
sample for analysis of chloride and TDS.

7. After completion of the boring/well, ROC will remove the high-chloride,
thin soil zone remaining on the caliche sub-strata. ROC will specifically
instruct the contractor to avoid removal of the caliche substrata and soil
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that shows evidence of re-vegetation. ROC will then import top soil,
grade the site to avoid ponding after precipitation events, and seed the
area.

8. We will submit a letter report with the results of the vadose zone
sampling, the initial water sampling results, documentation of the soil
importation/exportation program, and a short discussion that compares
the vadose zone chloride results to the previous resuits from SB-1.

If we find that this proposed vadose zone sampling shows that the migration of
chioride is similar to that predicted by the HYDRUS-1D model presented in our June
7, 2004 report, we will conclude that this previously-submitted simulation and
prediction is field-verified. We will then recommend closure of the regulatory file for
this spill site. We remind NMOCD that the input parameters employed in our June
7, 2004 report were highly conservative. For example, the model in our report does
not consider re-vegetation of the site. Establishing a vegetative cap over the site will
greatly reduce infiltration and the resultant chioride flux to ground water will be
much less than the input value used in our prediction.

Regardless of our conclusion regarding the accuracy of the previously-submitted
HYDRUS-1D simulation, ROC will monitor chloride concentration in ground water at
the site on a quarterly basis for two years. If chloride concentrations remain
consistent with background values, we will plug and abandon this well. If chloride
concentrations in ground water are greater than 250 mg/L during the proposed 2-
year monitoring program, ROC will discuss the need for additional action with the
NMOCD.

We trust this field program will meet with your approval and that'any comments by
the City of Lovington will be forthcoming prior to the proposed field activities.

Sincerely,
R.T. Hicks Consultants, Ltd.

Skt T

Randall Hicks
Principal

Copy: Kristin Farris Pope
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Price, Wayne

From: Price, Wayne

Sent:  Thursday, November 04, 2004 11:45 AM

To: Pat Wise (E-mail); Patrick B. McMahon (E-mail); Eddie Seay (E-mail)
Subject: FW: Lovington Abo

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Thursday, October 28, 2004 9:05 AM

To: 'Price, Wayne'

Cc: Kristin Farris Pope; david@rthicksconsult.com
Subject: Lovington Abo

Wayne
Here is our plan for drilling at the Lovington Abo spill

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by
telephone and return the original message to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

11/4/2004
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Price, Wayne

From: Price, Wayne

Sent: Friday, October 01, 2004 1:44 PM
To: Patrick B. McMahon (E-mail)
Subject: FW: Rice ABO IG release site

From: Price, Wayne

Sent: Friday, October 01, 2004 1:35 PM
To: Pat Wise (E-mail)

Cc: Carolyn Doran Haynes (E-mail)
Subject: FW: Rice ABO IG release site

E-mail was accidentally sent to wrong E-mail should have gone to Mr. Pat Wise not Pat McCasland

From: Price, Wayne

Sent: Friday, October 01, 2004 11:42 AM

To: Carolyn Doran Haynes (E-mail); Randall Hicks (E-mail); Pat McCasland (E-mail)
Cc: Johnson, Larry; Sheeley, Paul; Olson, William

Subject: FW: Rice ABO IG release site

Dear Ms Haynes, Mr. Randy Hicks, and Mr. Pat Wise:

OCD is in receipt of the revised work plan (attached below) Dated August 31, 2004. The revised plan contains
actions that will remove as much of the sterile topsoil as possible, import sufficient topsoil, re-vegetate, add water
if necessary and monitor.

OCD supports source removal particular in this case because of the proximity o the City of Lovington fresh water
well field. By removing the bulk of the contaminated soil, which still lies near the surface, OCD feels the future
impairment of groundwater will be minimal if any. To make sure OCD is protecting the water supply of the City of
Lovington we will also require 2 monitor well to be located in the spill area. If this method fails to protect fresh
water then OCD would require additional actions.

1 am asking for comments and concurrence so we may proceed ASAP.

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Friday, October 01, 2004 10:25 AM

To: 'Price, Wayne'

Cc: 'Carolyn Doran Haynes'

Subject:

Wayne

Indeed, this was to be delivered to you on the 30th, when we finished it. I fear that if you do
not have a record of it in your email, it slipped through the cracks in my office. I will see if we
have a record of it being sent from another machine.

10/1/2004
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I apologise.

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by
telephone and return the original message to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

10/1/2004
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Price, Wayne

From: Carolyn Doran Haynes [cdhriceswd@leaco.net]
Sent: Friday, October 01, 2004 7:58 AM

To: 'Price, Wayne'
Subject: FW:
Wayne,

I trusted Randy Hicks to submit this as he stated in this email. Kristin and | considered it submitted. | forwarded
your message this morning to Randy and I'm sure he’'ll get back with you. In fact, we discussed in our team
meeting last week whether to call you and see where the revision approval stood. A copy was supposed {o go to
Pat Wise also, same time it was submitted to you.

I'll get back with you.

Carolyn

From: Randall Hicks [mailto:R@rthicksconsult.com]
Sent: Tuesday, August 31, 2004 4:26 PM

To: 'Carolyn Doran Haynes'; 'Kristin Farris’
Subject:

This is the final — out today at 4:45 pm unless I hear different

Randy Hicks
505-266-5004 - office
505-238-9515 - cell

Confidentiality Notice: This electronic communication and any accompanying documents contain information belonging to
the sender, which may be confidential, legally privileged, and exempt from disclosure under applicable law. The information
is intended only for the use of the individual or entity to which it is addressed, as indicated above. If you are not the intended
recipient, any disclosure, copying, distribution, or action taken in reliance on the information contained in this electronic
communication is strictly prohibited. If you have received this transmission in error, please notify us immediately by
telephone and return the original message to us at the address listed above. Thank you.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

10/1/2004
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R. T. HICKS CONSULTANTS, LTD.

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

August 31, 2004

Mr. Wayne Price

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE: Abo 1G Leak Site: Section 1, 17S 36E Unit G
Dear Wayne:

Due to the close proximity of the City of Lovington water supply wells to this release, we
prepared the Corrective Action Plan of June 7, 2004 using highly “conservative” input values
for the HYDRUS-1D model simulation. Specifically, we employed:
¢ the highest observed chloride values observed in boreholes
¢ a 10-foot aquifer thickness rather than the full thickness penetrated by the
nearby supply wells,
¢ the absence of a vegetative cover that would reduce infiltration.

The predicted chioride concentration in an imaginary ground water monitoring well located
immediately down gradient from the release site was less than 250 mg/L. We also
predicted the potential impact to the closest Lovington water supply wells if the simulated
chloride flux from this release actually intercepted ground water. Our predictions suggest
the impact to the City of Lovington wells is smaller than the measurement error of most
laboratory instruments.

We expected these results. Our modeling study for the American Petroleum Institute
examined over 2000 brine release scenarios, many of which were similar to the Abo 1G
release. We found that in an arid climate, such as Lovington, these types of releases rarely
impair ground water quality. We also knew that many “dig and haul” responses to
produced water releases actually cause more environmental damage than they cure.
Therefore, we counseled Rice Operating Company (ROC) to examine the science first and
then implement a remedy. This remains good advice for brine releases.

August 2004 Field Event

On August 16, 2004, ROC staff obtained shallow soil samples from the release site. Plate 1
shows the location of these samples and the field chloride values. ROC designed this field
program to identify areas of residual chloride in shallow soil.

We can see from Figure 1 that recent rainfall has driven some of the chloride mass below
the root zone, permitting vegetation. As our work with API and the site-specific modeling
demonstrates, the relatively small mass of chloride below the root zone represents no threat
to fresh water, human health or the environment. This evidence of natural restoration is
good news. Vegetation over this spill site will reduce infiltration of precipitation and reduce
the chloride flux to ground water.
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Remedy Amendment

Rice Operating Company and Hicks Consultants were surprised and pleased by the rapid
natural restoration of the ground . Figure 1: November 2004

surface at this site. However,
despite the recent rains, some areas
remain barren due to high chloride in
soll (See also Plate 1). ROC
proposes to accelerate the surface
restoration process and establish a
vegetative cap over the release. As
stated above, a vegetative cove will
significantly reduce the infiltration of
precipitation and thereby reduce the
flux of chioride to ground water,
creating a “beit and suspenders”
response action.

photograph of site

ROC proposes the following actions:

1. Remove as much of sterile topsoil from the site as possible without tearing the
underlying caliche,

2. Remove any weeds with seed and till the areas now supporting growth,

3. Import sufficlent topsoll to cover the spill site and raise the elevation of the site
to prevent any ponding of stormwater,

4, Seed the site with an appropriate mix.

5. Monitor the progress of vegetation growth at the site on a monthly basis and add
fresh water to assist the growth If necessary.

6. Provide NMOCD with a brief letter report upon completion of this proposed
action.

r Provide NMOCD with photographic evidence of re-vegetation in 12 months.

We look forward to NMOCD approval of this supplement to our Corrective Action Plan.
Please contact Kristin Pope or me If you have any questions regarding this proposed action.

Sinceredy,
R.T. Hicks Consuitants, Ltd.

@m*}?"’ zé/

Randall Hicks
Principal

Copy: Kristin Pope, Rice Operating Company
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Price, Wayne

From: Price, Wayne

Sent: Thursday, September 30, 2004 4:41 PM
To: Carolyn Doran Haynes (E-mail)

Subject: ABO 1G Release Site OCD case# 1R0415

Carolyn, | received a call from the City of Lovington concerning the status of this site. My last correspondence show that
Rice was suppose to submit a plan by Aug 31 where do we stand on this issue?

Sincerely:

Wayne Price

New Mexico Oil Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax:  505-476-3462

E-mail: WPRICE@state.nm.us




Wayne Price
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August 13, 2004

New Mexico Qil Conservation Division

P. O. Box 6429
Santa Fe, NM 87504-6429

Re:

Rice/Abo 1G Release Site Corrective Action Plan

Dear Mr. Price:

I have reviewed a copy of your August 6, 2004 e-mail to Ms. Carolyn Haynes regarding the
above referenced matter. It is my understanding that you have rejected this Plan and requested Ms.
Haynes to re-submit. If I am mistaken, please contact me immediately.

The City of Lovington, through its environmental consultant, has reviewed the Plan rejected
by you. Despite your rejection, the City would like to make you aware of some of its concerns
regarding the Plan. Some of those concerns are as follows:

1.

The background soil sample taken by Rice appears to have been taken at a location
that has previously been impacted by oilfield contamination. The City’s consultant
obtained an accurate background soil sample in close proximity to the spill site.
Background chloride levels for soils in the area is 64 ppm. I have attached a copy of
the analytical result for that background sample.

The release occurred in October 2003. As of November 2003, chlorides had migrated
to at least 45ft. below ground surface. Considering the delay between the sampling
event and the submission of the Plan, the City is concerned about continued migration
and the use of stale data. Under the Guidelines, in order to properly evaluate a site
an operator is required to determine “depth to groundwater”. Rice is required to
conduct proper soil borings to a depth that identifies the full extent of chloride
contamination and to properly rank this site.
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3. The City requests that Rice be required to timely notify the City of any and all
sampling events to be conducted at this site in the future.
4. Given the close proximity to groundwater and the fact that the groundwater is used

for a public water supply, the City objects to any contaminants being left on site.

In addition, the City requests an opportunity to review and comment upon any Plan
resubmitted on behalf of Rice before the OCD makes a decision to accept or reject that Plan.

Thank you for your consideration, if you should have any questions, please do not hesitate

to call.
~Sincerely,
HEIDEL, ERSON, NEWELL, CoxX & MCMAHON
(
By: N%M /M
Patrick B. McMahon
PBM:dg
cc. Pat Wise

Eddie Seay
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LABO RATO R I ES PHONE (505) 393-2326 + 101 E. MARLAND + HOBBS, NM 88240

ANALYTICAL RESULTS FOR
EDDIE SEAY CONSULTING
ATTN: EDDIE SEAY

601 W. ILLINOIS

HOBBS, NM 88242

FAX TO: (505) 392-6949

Receiving Date: 08/06/04 Analysis Date: 08/09/04

Reporting Date: 08/09/04 Sampling Date: 08/06/04

Project Owner: CITY OF LOVINGTON Sample Type: SOIL

Project Name: ROC-RICE OP. CO. SPILL ABO Sample Condition; COOL & INTACT
Project Location: S. LOVINGTON, NM Sample Received By. GP

Analyzed By: AH

cr
LAB NUMBER SAMPLE ID (mg/Kg)
H8984-1 L-ROC-1 64
Quality Control 1040
True Value QC 1000
% Recovery 104
Relative Percent Difference ’ 4.0
METHOD: Standard Methods 4500-CI'8__ |

Note: Analysis performed on a 1:4 w:v aqueous extract.

Dat

<190
]

PLEASE NOTE: Liability and Damages. Cardinal's liability and client's exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.
All clamggeing those for negligence and any other cause whatsoever shall be deemed waived uniess made in writing and received by Cardinal within thirty (30) days after compietion of the applicable
service eVent shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries,
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardiess of whether such claim is based upon any of the above-stated reasons or otherwise.




Price, Wayne

From: Price, Wayne

Sent:  Thursday, August 12, 2004 10:28 AM

To: '‘Carolyn Doran Haynes'

Subject: RE: ABO 1G Release Site OCD Case #1R0415

Approved!

From: Carolyn Doran Haynes [mailto:cdhriceswd@leaco.net]
Sent: Thursday, August 12, 2004 10:25 AM

To: 'Price, Wayne'

Cc: 'Randall Hicks'; enviro@leaco.net

Subject: ABO 1G Release Site OCD Case #1R0415

Dear Mr. Price:

Rice Operating Company (ROC) is in receipt of your request to submit a new work plan for the
above referenced site. ROC respectfully pleads for an extension of the August 13 deadline to
August 31, in order to adequately develop a work plan that addresses the OCD concerns. ROC has
discussed this timeline issue with RT Hicks Consultants and they concur that a revised plan can be
submitted before August 31.

ROC appreciates any consideration the OCD will afford to extend this deadline.

Thank you,

Canolyn Donan Fayues

Engineering Manager

RICE Operating Company
PH: 505-393-9174

FX: 505-397-1471

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

9/30/2004




Price, Wayne

—

From:
Sent:
To:

Cc:
Subject:

Dear Ms. Haynes:

Price, Wayne

Friday, August 06, 2004 3:47 PM

Carolyn Doran Haynes (E-mail)

Pat Wise (E-mail); Randall Hicks (E-mail); Sheeley, Paul; Johnson, Larry
Rice Operating Co.-Abo 1G Release site OCD Case # 1R0415

OCD is in receipt of the corrective action plan dated June 07, 2004 submitted by RT Hicks. Please note due to the close
proximity to the City of Lovington's fresh water well field OCD feels compelled to deny the plan as submitted. Please re-
submit with a plan to remove the salt contaminated soil within some practical limit. Please submit by August 13, 2004.
The longer "no action" is performed the deeper the salt will migrate into the vadose zone and a higher potential of
groundwater contamination exists. We will not accept a model that allows groundwater contamination and dilution in this
area. The model may be used after excavation to demonstrate no further threat exist.

Sincerely:

Wayne Price

New Mexico Oil Conservation Division
1220 S. Saint Francis Drive

Santa Fe, NM 87505

505-476-3487

fax:  505-476-3462

E-mail: WPRICE@state.nm.us
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Price, Wayne

From: Katie Lee [katie@rthicksconsult.com]
Sent:  Friday, July 30, 2004 11:10 AM

To: Wayne Price

Subject: requested docs

Wayne,
Here is the Lovington Abo G-1 CAP report you requested. I'm hitting a little snag with finding the Vaccuum G-5
report, in that | think we might have it saved under another name. | will try and catch up with Randy after he gets

done talking with you and get things straightened out and send along the report you need.

Best regards,

Katie
R.T. Hicks Consultants, Ltd.

This email has been scanned by the MessageLabs Email Security System.
For more information please visit http://www.messagelabs.com/email

8/6/2004
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June 7, 2004

Abo 1G Release Site Report

Prepared for:

Rice Operating Company
122 West Taylor
Hobhbs, NM 88240

R.T. Hicks CONSULTANTS, LLTD.
go1 Rio Gravpe Bovp, NW, Surre F-142, ALBUQUERQUE, NM 87104
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R.T. Hicks Consurrants, LTp.

1.0 BACKGROUND

The Abo 1G Discharge Site is located about 6 miles southeast of the
center of Lovington, New Mexico. Plate 1 shows the location of the site
relative to Route 18, the Hobbs-Lovington Highway.

On October 18, 2003, Rice Operating Company (ROC) prepared a
Release Notification report that estimated

the pipeline failure released 190 barrels of e

produced water and recovered 130 barrels.
The pipeline failure released produced

water with little or no hydrocarbons. Plate
2 shows the geometry of this release, which
affected about 31,000 square feet of range-
land. Plate 2 also shows the locations of soil
borings used to characterize the release.
ROC is also aware that a 10 barrel release
near this same location on occurred on June
3, 2003 and this earlier release impacted a
2,400 square foot area near SB-1.

Figure 1 is a photograph of the site in
October, 2003 looking south from a caliche

road. The line in the foreground ruptured
and produced water flowed south.

ROC mobilized to the site on November 10, 2003 and drilled three
borings as shown on Plate 2. The field procedures employed by ROC
were consistent with industry practice and with previously-submitted
ROC characterization plans (e.g. junction box plan). Hicks Consultants
used the data collected by ROC and obtained additional data from
public sources as input to the HYDRUS-1D vadose zone fate and trans-
port model. Hicks Consultants employed the results of the modeling to
predict the potential impact to ground water quality as a result of the
release and to develop a remedy to protect ground water quality and to
restore the ground surface.

CORBECTIVEACTIONPLAN -  ADD 16 RELEASE SITE
lume7,2004

Figure1. Abo 1G site
looking south.

Page1
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R.T. Hicks CoNSULTANTS, L1D.

2.0 RESULTS OF FIELD
PROGRAMS AND
INVESTIGATIONS

CHARACTERISTICS OF VADOSE ZONE AND SATURATED ZONE

Next to the pipeline rupture, SB - 01 was drilled to a depth of 45
feet. From field inspection, the site has several inches of sandy soil
covering a high-fractured caliche horizon. We examined bore-
hole samples and the on-site cuttings log from SB-01 and con-
cluded that the subsurface is composed of 24 feet of thin caliche
layers within sands and silts. Interbedded with these caliche-rich
sands and silts are silty clays. Below this uppermost 24 feet is 20
feet of sand and silt. The logs for each of these three ROC borings
are included in Appendix A.

In well L-1716 , about 1 mile west of the release site, the driller’s
log reports “water sand” from 45 feet to 70 feet underlain by 7
feet of “calcium sand” before penetrating water bearing units. At
well L-5014, approximately 5 miles north of the site, the driller log
identifies caliche from 2 to 28 feet below surface. Below this
upper strata is sand and sandy clay to a depth of 190 feet. From
190 to 205 feet below surface, the driller reports a clay zone. This
15 feet of clay is underlain by 10 feet of clay and gravel. The
driller penetrated the Dockum Group red beds at 215 feet below
grade. Monitoring wells in the Lea Refinery, one mile to the
northeast, driller’s logs report a 4 foot caliche bed overlying more
than 100 feet of very fine to fine grained sands. At the Lea Refin-
ery, April, 1996 water levels are 90 feet below grade (H+GCL,
1996). These well logs are also included in Appendix A.

We conclude that the vadose zone is about 90 feet thick and is
composed of a caliche-rich upper horizon underlain by sand with
minor amounts of silt. The saturated Ogallala Aquifer, which
underlies the location, is dominantly sand. The saturated thick-
ness of the aquifer is about 130 feet. The screened interval of
wells in the area range from 20 feet to more than 100 feet.

According to the USGS (http://water.usgs.gov/GIS/metadata/
usgswrd /ofr98-548 html#ldentification Information), the hy-
draulic conductivity of the High Plains Aquifer ranges from less

CORBECTIVEACTION PLAN -  ABD 16 BELEASE SITE
lune7,2004

Page2




R.T. Hicks

than 25 feet/day to greater than 300 feet per day with an average
hydraulic conductivity of 60 feet/day. At this location, where
saturated gravel units are restricted to the base of the Ogallala,
we estimate the hydraulic conductivity is about 50 feet per day.
Geologists who drilled monitoring wells at

the Lea Refinery estimated the saturated

hydraulic conductivity as ranging from 25-

75 feet per day. At the Lea Refinery, the

hydraulic gradient is 0.004 feet/foot to the

southeast. The resultant ground water flux

is probably about 0.2 feet per day.

We have no site specific or regional data on
the moisture content of the vadose zone.
Such data are generally rare. As described
in a later section of this report, we used
HYDRUS-1D to simulate an initial water
content of the unsaturated zone.

CHLORIDE DISTRIBUTION IN THE
VADOSE ZONE

Soil boring SB-2 is uphill from the spill site and we-consider-this-a“back-

SB-2: Chloride Con

ground” location. At this soil boring, the

CoNsuLTANTS, LD,

Figure 2. Chioride vs. depth in
soil boring 2.

centration v. Depth

chloride near the ground surface is 475 500

ppm. From 4 feet below grade to the total Chloride v. Depth

depth of 15 feet, chloride in this caliche- 1600 Y

rich horizon ranges between 230 and 356 1400 2 o

ppm (Figure 2). Other workers suggest = 1200 f E

that “background” chloride concentration o 1000 A ; \

in Lea County soil can be less than 100 é 800 | ﬁ’ xb\ . \

ppm. At this site, where the caliche domi- 2 Tl N~

nates the upper vadose zone, the back- 600 v/ L \

ground is about 300 ppm. 400 AN i
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The soil borings within the area of the 0 10 20 30 40

release (#1 and #3) show a decline in Feet below Grade

chloride concentrations from more than
1000 ppm chloride to background levels at
45 feet and 9 feet below land surface respectively (Figure 3). Because
the water table lies about 90 feet below land surface, this observed
decrease of chloride concentrations to background suggests that the
release did not create saturated conditions between ground surface and
ground water.

CORRECTIMEACTIONPLAN - ABDIG RELEASESITE
une7,2004

Figure 3. Chloride vs. Depth
in soil borings 1 and 3.
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R.T. Hicks ConsuLTANTS, LTD.

The pattern for SB-1 shown in Figure 3, which was closest to the pipeline
rupture, confirms that the October 2003 release is not the first release at
or near this site. An earlier release appears as chloride concentrations
above 1000 ppm between 12 and 20 feet below grade and the October
release appears as the high chloride between 3 and 6 feet depth. We do
not believe that the chloride concentrations between 12 and 20 feet in
SB-1 were caused by the 10-barrel release of June 2003.

The data from SB-3 suggests the influence of only the October 2003
release. Data from SB-1 and SB-3 demonstrate that the center of mass
from the recent release is at a depth of 4-5 feet below land surface.

Regardless of the source of chloride observed at 12-20 feet below grade in
SB-1, we can conclude that these soil boring data show no evidence of
imminent ground water impairment. The chloride from the releases
remains within the vadose zone. Using these data, and the chloride
concentration in the produced water, we can estimate the volume of
produced water released at this site.

RELEASE CHARACTERISTICS

ROC provided an analysis of the chloride in the produced water - 19,994
ppm. Because the soil sampling program identified an older spill event at
SB-1, we considered the calculated chloride load at SB-3 more represen-
tative of the October release. Calculations using the chloride load at SB-3
imply that the spill was 1 in. deep (see Appendix B for these calcula-
tions). If 1-inch was the average spill height for the 31,000 square feet of
impact (see Plate 2), the total volume of the release would be 440 barrels.
However, ROC located SB-3 where the released “pooled”, therefore
using the chloride load from this boring will probably overestimate the
release volume. We suggest that the October event released between 200
and 500 barrels of produced water and 130 barrels were recovered.

Ground water at the Lea Refinery flows toward the southeast. We
estimate that the length of the spill parallel to ground water flow is 477
feet.

EVALUATION OF CHLORIDE FLUX FROM THE VADOSE ZONE
TO GROUND WATER

We employed the HYDRUS-1D 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. Appendix C
presents the background documentation for this modeling approach.
We applied the results from the HYDRUS-1D modeling of the migration

CORBIDTIVEABTIONPLAN -  RBD 16 RELEASE SITE
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of chloride ions 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 Rice Operating

Company.
DATA FOR SIMULATION MODELING

The HYDRUS-1D and mixing model simulation requires input of
11 parameters. As Table 1 shows, site specific data are required

for several of these parameters and other data are available from
public sources. The source of most of the data is described in the

previous section of this report.

R.T. Hicks ConsuLtants, L1D.

Table 1. Input Parameters

The vadose zone profile used for the HYDRUS
composed from the well log and samples of SB
from the logs of wells in the area. For the purp

we will assume that the ground water is uncon
depth of 77 feet below land surface. Some drill

this depth to water, however we believe that 9(

accurate. The 13-foot difference is probably d

levels in the Ogallala. To be conservative in our approach, we
used 77 feet at the thickness of the vadose zone. Plate 3 shows
the vadose zone profile (texture) employed in the modeling with

the HYDRUS-1D input parameters.

CORRECTIVEACTION PLAN -
lune7,2004

RBO 16 RELEASE SITE

for
Simula-
tion
Modeling
Input Parameter
1. Vadose Zone Thickness - 77 feet Appendix A we
|2, Vadose Zone Texture - Plate 3 Samples and att
3. Dispersion Length - 1.85 meters Professional jud
4. Soil Moisture HYDRUS-1D ini
5. Chloride in release - 19,994 ppm Samples of prod
6. Height of spill on land surface ~1.0 inches Calculated from
location SB-3 an
7. Length of release parallel to ground water flow —{Field Measurem
477 ft
8. Climate - Arid Pear] Weather S
9. Background Chloride in Ground Water - 100  |Professional jud
ppm
10. Ground Water Flux - 6.1 cm/day Calculated from
Refinery Report
11. Aquifer Thickness - 10 feet NMOCD sugge
€10 Talg, Water
Paged




R.T. Hicks ConsuLTANTS, LTD.

The dispersion length of 1.85 meters is less than 10% of the total
length of the HYDRUS-1D model and is consistent with standard
modeling protocol.

We installed the profile described above as the initial condition in
HYDRUS-1D and ran it with the estimated spill installed as an atmo-
spheric event on day 1 of the simulation. We ran the model for 2 years
to create a chloride profile v. depth that we use to “calibrate” the model.
Comparison of the solute concentrations computed by HYDRUS-1D
with the field measured solute concentrations caused us to simplify the
soil profile by using higher hydraulic conductivity in the upper soil
profile. The parameters used to model the caliche typically employ a
very low saturated hydraulic conductivity. From field inspection, the
surface caliche in the area is fractured and filled with fine sands. Be-
cause of the stratagraphic location near the ground surface, we believe
the caliche at this site has a much higher saturated hydraulic conductiv-
ity than that typically used in the HYDRUS-1D model. During intense
rainfall events (or produced water spills), water will flow quickly to the
subsurface through the fractures via saturated flow. Therefore, we
adjusted for this observation and modified the default caliche parameters
to behave less like clay and more like sand. Deeper in the vadose zone,
fractures become barriers to flow and deeply buried caliche behaves
more like clay. From previous modeling experience, the properties of the
upper soil profile are the most important in determining flow in the
vadose zone. Therefore, adjusting the hydraulic input data for the
uppermost vadose zone is relatively important.

Figure 4. Predicted chloride
concentrations in soil at 200
days.

The parameters of the lower caliche were also altered to allow the higher
hydraulic conductivity. In addition, two intermediate layers were
merged using the parameters of
the coarser layer. These changes
err in favor of ground water
protection; they will cause the . 1Y
model to overestimate the flux of X
chloride from the vadose zone into
ground water. After making these A

adjustments, one can observe the
i SR/ NN

Hydrus 1D w. SB-1, SB-3, Time = 200 dbys

relationship between predicted
chloride concentration in soil and o ‘x\ e N
600 3 Wik

actual measurements in Figures 4 L AN i
and 5. w0 X

Canc. mgfhg.
}
§

What are important in the exami-
nation of these figures are the o 2 . . . MRS MASSARANREE
distribution of the predicted chlo- e

ride mass in the vadose zone and
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R.T. Hicks ConsuLTaNTs, LTD.

the measured distribution of vadose zone chloride. The simulation of the
chloride distribution at 200 days after the release (Figure 4) shows a peak
chloride concentration at about 3 feet deep and background concentra-
tions (zero ppm in the model) at 10 feet below grade. The simulation at
time=730 days provides a better fit between the predicted chloride
concentrations and the measured values. The reason for this “time shift”
is due how the model uses the meteorological data from Pearl, New
Mexico. The meteo-

rological data consists of 47 years of
daily data. Day 1 is NOT the day

that the October 2003 release oc- e 10 B3 S0 Time T 00

curred, however. Day 1 of the file is
about 50 years ago. The measured

values will only correlate exactly with PI,M

the predicted values if rainfall, wind o0 ‘ \ \\\
speed and other atmospheric events - // \ \
between the time of the release and H

the time of the sampling event were I & _

| Seciest
[ Sprisa2
[ > Seriea3

exactly the same as the atmospheric

file in the model. We maintain that
the “match” between the predicted

chloride concentrations and the

measured concentrations presented in °
Figure 5 provide adequate verification it
of our input parameters for the

vadose zone texture.

For the mixing model, the largest dimension of the spill (477 feet) was
used for the length of spill parallel to groundwater flow. Climate data
from the Pearl Weather Station near the Hobbs, New Mexico airport,
approximately 15 miles south of the site, was used. Ground water flux
at the Lea refinery is estimated at .4 feet/day to 1.2 feet/ day. (Lea
refinery Report) Well logs in Appendix A indicate that 10 feet is a very
conservative estimate for the aquifer thickness in that most wells exhibit
well screens in excess of 20 feet.

We then ran the HYRDUS-1D model to predict chloride movement
through the vadose zone for 71 years. From the output, we found that
the center of chloride mass enters the ground water zone between 15
years and 50 years from present.

This flux was then fed into the aquifer mixing model with the resulting
output shown in Figure 6. The predicted peak concentration is less than
200 ppm.

CORBECTIVEACTIONPLAR -  RBD 16 RELEASE SITE
lune7.2004

Figure 5. Predicted Chloride
concentrations in soil at 730
days.
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R.T. Hicks ConNsuLTanTts, LTD.

In examining Figure 6, it is important to
understand that the model assumes
that rainfall is distilled water (0 ppm
chloride) and that the initial vadose
zone water also contains 0 ppm chlo-
ride. Attempting to use chloride con-
centrations other than zero for precipi-
tation and initial soil moisture creates
too much complexity in the model.
This simplification causes a minor
under estimate of the chloride flux to
ground water, as described below.

Chioride Concertiration in the Aquifer for Abo 1GRelease Site
10-foot Saturated Thi

¥

.
N
'

Chloride in mg.{C1.)A.
8
‘\\
[

<]

=]

o
3
-]
8
8
<]
3
8
8

In our model, natural precipitation (0 0
ppm chloride) moves the released Tireineas
chloride through the vadose zone and

dilutes the chloride mass (from above) Figure 6. Ground water
during transport, just as real rainfall dilutes the real spill. Minor dilution chioride concentrations in
of released chloride also occurs as it moves downward and mixes with 0 imaginary monitoring well.
ppm pore water. Dilution of the release by pore water also occurs in
nature. Thus from time zero to slightly more than 3 years, a flux of 0
ppm chloride enters the aquifer from the vadose zone, diluting the 100
ppm chloride ground water to 75 ppm. This decrease in chloride concen-
tration in the mixing model is due to the relatively high flux through the
bottom of the sandy soil vadose zone. After 3 years, the chloride mass
from the release begins entering ground water raising chloride concen-
tration. The maximum chloride concentration in a 10-foot thick aquifer
beneath the site would occur about 30 years after present and would be
less than 200 ppm chloride.

We can confidently conclude that the release(s) that created the chloride
load observed in SB-1 will cause minimal impairment of ground water
quality at an imaginary well located immediately adjacent to the release.
Our predictions show that a well with 20 feet of screened interval lo-
cated immediately next to the release would observe chloride concentra-
tions less than 150 ppm.

POTENTIAL IMPACT ON CITY OF LOVINGTON WATER SUPPLY
WELLS

The water supply wells for the City of Lovington are more than 2000 feet
from the release site. These wells do not draw water from only the
uppermost 20 feet of the Ogallala Aquifer, but from most or the entire
130-foot thick saturated zone. Let us assume that in the future the City
of Lovington or another water user were to install a water supply well at

CORRECTIVEACTION PLAN-  ABD 16 RELEASE SITE Page 8
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R.T. Hicks

the edge of the release site. The maximum predicted chloride concentra-
tion in this fully-penetrating, fully-screened well (130 feet of screen
within the 130-foot saturated zone) is 109 ppm or 9 ppm above the
assumed 100 ppm background con-

centration (see Figure 7).

ConsuLTanTts, L1D.

Figure 7. Chloride concentra-
tion in imaginary monitoring
well with 130 foot saturated
thickness

Chioride Concentration in the Aquifer for Abo 1G Release Site

If we wish to predict the potential

130-foot Saturated Thickness

impact to an existing City of o
Lovington water supply well that lies -
2000 feet from the release site, we _//\,vv\,\_
must calculate the dilution that will 2'® =
occur as background water is drawn 2;, %
to the well. =
‘_; 60
For example, let us assume that a City =~ ° «
of Lovington supply well creates a o
cone of depression with a 2000-foot
radius and a circumference of 12,560 " o Y
feet (Figure 8). If we assume this large Time In Years

cone of depression, all of the chloride

from the release will eventually be

drawn into the well. In our modeling, we assumed that the maximum
length of the release parallel to ground water flow was 477 feet. Ref

Figure 8. Hypothetical

ring to Plate 2, the maximum width of the release (perpendicular t ; <« fifyptiq showing a Lovington

ground water flow) is 375 feet. Therefore, the supply well will draw
water from the release site (375 feet of the circumference) and back:
ground quality water (12,560 feet of the circumference). T
the site contributes only 3% of the total volume of
water pumped by the well. In a simple dilution
calculation where 3% of the water drawn into
the well will exhibit a chloride concentration of
109 ppm and 97% of the water drawn into the
well is background water quality (100 ppm), the
resultant concentration in the supply well is

water supply well drawing in:
i. release ground water
containing chloride molecules
resented by the triangular
d ii. background water.

100.27 ppm. In other words, one will not be able

Water Supply ,"

Well

to measure the effect of this release on the
Lovington water supply wells. Figure 8 shows
this hypothetical situation.

We conclude that the chloride from this release
site will have no impact on the City of Lovington
water supply wells.

CORRECTIVERCTIONPLAN -  RBD 16 RELEASE 3ITE
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R.T. Hicks ConsuLTanTs, L1D.

PROPOSED REMEDY

We conclude that the release poses no material threat to ground water
quality. Simulations using input parameters that should over-estimate
the chloride concentration in ground water show that the release will
not cause WQCC Standards to be exceeded at a place of reasonable
foreseeable future use.

We recommend closure of the regulatory file.

We propose annual inspection of the site and re-seeding when vegetation
begins to invade the spill site. Our site visit in April, 2004 showed that
the recent heavy rains of the area have permitted some natural re-
vegetation of the site.

CORRECTIVEACTIONPLAR -  ABO UG RELEASE SITE Page 10
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worm WR-23 STATE ENGINEER OFFICE .

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nesrest 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._d2gk Gaybdn
Street and Number_... Zox 1021 :
City . A Lovingbon _ state . New Mexdey
Well was drilled under Permit No..._.. Le2iB84 /746 and is located In the
Tt frqd aer e K — - P
A BE 1y B8 S8 of Section. 2 Twp i7s.. Rge.3%. &
' (B) Drilling Contractor. G&¥bon & Pawber License No.#0=183. ..
Strect and Number Hew_ Mook
M F ey FBE 2o /2 : M
i crinzhon ew_Mexle
Y3 S oy City Leving  State ._m...._wg_._xi_cg
Drilling was ‘commenced RO TN 18.55 _
Drilling was completed. Saphe 2. 1985
{Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well VA
Siate whether well is shallow or artesian_Skadiow .Depth fo water upon compleuon_.__.ﬁgf_.__*
Section 2 PRINCIPAL WATER-BEARING STRATA
No, Depth in Feet Thickness in Description of Water-Bearing Formation
From To Fect :
! 77 | 2 15 Yater Sand
2
3
s
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth : Parforstions
n. . in [THep [ Botwem | et | TVPe Shee From To~
Section ¢ RECORD OF MUDDING AND GEMENTING
Depth In Feet Dlameter Tons * No. Sacks of
From To Hole in In, Clay Cement Methods Used
i
Section 5 PLUGGING RECORD
Name of Plugging Contractor. License No
Street and Number. City. State.
Tons of Clay used.....ee _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 :
s T U o of Sacks Uned
e NIy

T

FOR USE OF 'STATE ENGINEER ONEY'

Date Received

g

A

,:_- - -.-.'.'.1 . “ :
File No [ L 5?@2 V) /”/ {'{_..,_,...Use.\:) _"g,m_{f_.‘”ﬁm__..._.Location No. L2 FH 2

| R R IR



Section 6 LOG OF WELL C . ..""." :"»
ﬁ_]::,th in Fe;:‘to Tf: m{-:::s Color Type of Material Encountered

0 3 3 3l

1 g & Lael

S I

16 20 [ Bouldex

20 26 5  Sand Rock

26 L5 19 Sand 3

LA 79 25 aber Sand

7iny 27 Galedum Sand

i g2 15 Sad.ele Sapd

02 106 14 Somady Giay

106 108 2 8and
108] 12 A Rosk
22l 3a ) Sandy Ciay
13l 1 Q gemd. .
% L 2 Sandy Giay

The undersigned hereby certifies that, to the best of his knowledge and bellef, the foregoing is & true and cor-

rect record of the above described well.

/




A BA e, (This form to bo exccuted In triplicate)
YOG Fii ey
i . .
Date of Recelpt ) Permit No_Lel5iA i~
o ’ Iy zh ™
. . . . Sy
Name of permitter, ... Lotington-Handelpal- UHilities /(759
Street or F.O,, . City und stute._LoVington, Bey HMexlco
1, Well location and deseription: The...._. T A 1 k%caled in %, : 5'; %,

e ghfl
(uha;llow or acteslan)

t

1oH-5 %Y of Sectton.—.dyo—.. Townahip.....16 Rango.36... ; Blavation of top of
casing above sea level, .33?.9 ........ feet; dlameter of hole, .‘...__.l,é_: ...... inchea; tc;tnl depth, ..~.......l_zut(....._.teet:
d.epth to water upon pletion, S8 feet; drilling was com d JUNO. 2 19.59%....

and completed......SUNE ks . 19.;3.2_...: name of drilling oanl:mctor_....Aqua..nxim‘]g...gfln.‘..‘.
Bt 100k ; Address, .. Lowinston, }m" 2 ; Driller's Licenss No......i‘m..ji ..... -

2, Principal Water-bearing Stratn:

Depth In Feet

From To _____“‘_V_Iluﬂmen Trescription of Wuhx-bgurhsz_ Formatian
No. 1 . . .

=R 89 ... __ Y Walor Sand
No. 2

£ "Tl 2
No. 8 | - .

Bp 84 L
Na. 4 - ..

112 114 L Waber wSand & Shale
No. 6

8. Casing Record:

Dlamoter Pounds Thresds  Depth of Casing or Liner Feol of Perforations
tn inches por 1t per fach Top Bottom Uaslag ‘Tyye of Shus From ‘o

-~ 0CT 27 1952
STATE ENGINEER

e

4. Tf above construction raplaces old well to be aband d éive location: ¥, Y%, %
of Section. Towuship Range. ; name and address of plugging contractor,
date of plugging 1D jrBgsCriby how well was plugged

LT PSPt I P




5. Log of Well:

Lepth In oot Thlsimose
From Yo

- toat Dosertpiton af Parmaiioa
0 2 ( Soil i
2 | 2 2 | celiche & Tiue Shale

26 | 58 32 | sandy shais

5B 59- . 1. .} taber Snd

59 6¢ 10 Sand & Shals | e
65 i 2 Iz-ater Sazld & Shale -

71 82 11 | sand Shale with sr.rea.ks of clay

32 86 L guicle sand & Water

86 | 110 26 | sam & shele

112 118 4 | Tight ¥ater Smd & Clay Shale

116 127 o Sandy ghale

The undersigned hersby certifies that, to tha best of his knowladne and bellef, ihe Inrcgumx Is a true and cor-
rect record of the abova deseribad wel.. Lot

e g : :
;//,f Lisentrd Wen Driller bl

Ynstructions

This form shall be uedﬁted: proferably typewritten, fn triplicite 2nd filed with the State Enginéar's Office at Ros~
well, New Mexlco, within 10 days atter drBling has been completed. Data on water-beur!ng strata and on all forma-
tlons encountared should be as complete and accurats as possibla.: - B



(This farm to bo oxcented in triplicate)

WELL RECORD

Dats of Reoelpt.

‘Name of permittee, oBrnest Mahan

Permit Nu.li.‘.'.‘?:.é...s..:._._-

Strest or P.O, Box.32 Oty and Stete LoV ngi.}:m N,
1. ‘Well Jocution and description: The éhallow well ts l;wa.led — %.A N V..
{shallow or axtenlan) .

SW_“. % ot Seotion 11 Tovmuhip... 16 ) ROREA........ 3_6‘.“1.5 ......... Elevation of top of
casing nbove xea level, ..ceiemieniand feet; diameter of hole, ... 16 oarednehits; tota] depih, 1..?.,0 ......... wsulBEt
-depth ta watcr upon completion, ...21\5 ............ fert; drilling was cmumenced ............. .J an. .._..3. .............. 10_[.;8..,
and combpleted. Jan 1914-8.. ..; nume of drilllng contractor. .Ahb.ott BrQqA.- .......... -

. Address, .RAX 6'?7' Hobb <{v‘ N,--}; briler's License Nou..HD:!h.é.-....

Principal Water-bearing Strata:

2.
Depth 1n Feot
From To Thisimers of Waier-hearing Fanuation |
No. 1 :
15 120 75 Water sgnd
No. 2
No. 8
No. 4
Na. 5
8, Casing Record:
Dinmater Pounds Thrends ankh ol Oasiay o Ling Feab of . Easforationn
In inches pev (L, ver luoh Bottam Cnstng Typo of Shoo ¥row
MNONE.
“ - -
4, Xf above construction replaces nld well to be abandoned, give location:. u, %, %

of Soctlon

Township. Raxnype.

; name.axd dddreas of plugging contractor,

e

date of plugging.. 19.., i, describe how well was PIUGERA ! v wessames e niese

L ED

IR T2

‘l‘lb

AR"‘ES).M!

OSWELL, NEW

'r’ELL SUPERVISCR
MEZEICO




\I ‘

5. Loy of Well:

omm"‘”I fn foct To T;:ﬂ;::;n Descripdlon at Forruntion
0 1 L Soil
4 ©o357) 31 " " Caliche _
35 b5 | 10 fard sheld’
) 120 75 Water sand

The undersignéd hereby cerlifies that, to the best of his knowledge and belief, the foregoing is a true and cor-
Tect record: of-the above: described well, - "

s /": /7’, . ,; 4 ,:'/ .
G i

/ Ticenaeq Wl Drites

Instruotions

This form shall He'e;:é"c.ﬁ%éd, bre;erél.)i‘yht}"f)ew.r'lttérﬂ, in triplicate and filod WWith the State Engineer's Office at Ros-
well, New Mexico, within 10 days after drilling bas been completed. Duta on water~bearing strata and on all forme-
tions-encounitered sbould ‘be as complete and accuvate as possible: - .



YYELL noLOURL

. Section 1. GENERAL INFORMATION .

{A) Owner of well Hulda Heidel ‘ L QOwner's Well No,
Street or Post Office Address 1018 West AYSHU.E K
City and State Lovington, Yew Nexico 88260

Well was drilled under Permit No, 1-135 enl ar.ged L—lsssand is Jocated in the:

o fe

AR adely ATy B WYy o section LY Township— 268 Range_ 30B _ wmrM.
b. Tract No,_ ... ... of Map No. of the
¢ lotNo,.._ _ofBlockNo. oo 0f the
Subdivision, recorded in I@a County.
d X= o feet, Y- feet, N.M. Coordinate System i Zone in
the — Grant.
() Drilling Contractor_Abbott Bros., N License No.___WD=46

Address__P.0, Bow 637, Hobbs, New Mexico 88240

Drilling Began _3/%/17 Completed M Type tools Cable Size of halc.l_6 in.
Elevation of land surface or at well is ft. Total depth of we_ 146 it.
Completed well is Bl swonow [71. artusian, Depth to water upon completion of well 58 fr.

Section 2. PRINCIPAL WATER-BEARING STRATA

Depth in Feet Thickness L . R Tistimated Yield
From To in Fest Description of Water-Bearing Formalion (gallons per minute)
58 146 88 Sand
Section 3. RECORD OF CASING )
Diameter Pounds Threads Depth in Fest Length Perforations _-‘
{inches) per foot per in, Top Bottom (feet) Type of Shoe From To
12 3/41 43 Weldedl © 146 146 Nene 66 146
Section 4. RECORD OF MUDDING AND CEMENTING
Depth in Feet Hale Sacks Cubic Feet Method of Placeinc
From To Diameter of Mud of Cement ethod of Placcinent
Section 5, PLUGGING RECORD
" Plugeing Contractor
Address No Depth inFeet . | Cubic Feet
Plugging Mcthod N : ! Top - Botlom of Cement
Date Well Mugged_ _ 1
Plugging approved by: - 2
3
State Engineey Representative 4
FOR USE OF STATE ENGINEER ONLY
Date Received  June 14, 1977 )
Quad FWL BSL___ ..

Supplemental
¢ FileNo. L~135 & T,-135-Enlgd-S Use_Trx LocationNo_ 16.36.31. ‘85 T

i
- V.
s




. el '

Section 6. LOG OF HOLE

ot i'{F“,‘l:o | Mhickacs Color and Type of Material Encountered
0 3 2 Surfage soil
2 26 24 Caliche
26 58 32 Sand~tight
58 112 54 Sand-watex
112 128 16 Sand~%ight
128 146 18 Sand-water

Section 7. REMARKS AND ADDITIONAL INFORMA'TION

.

=
=

pere)
=
-
o
(=)
m

The undersigned hereby certifies that, to the best of his'knowledge and beliel, the foregoing iy a true and currect record of the above

deseribed hole,
§ j ) .
‘77,7/ hasld, OJM—W

Driller A2




DUALL DINLFINNSLRULY UL &AL )
¥ g-‘;am’ﬂ.@ F11 REC
Wy WELL RECORD :

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitied to the
neavest district office of the State Dngmeer. All sections, except Section 5, shall be answuered as completely and
accurately as possible when any well is drilled, repau-ed or deepened. When this form is used as a plugging
record, only Section 1A and Section § need be complel.cd.

Section 1
{4) Owmer of well.-J..% ;___Taa‘"( ox_Jx

Street and Numbcr__-"_a;ﬁ)»t
City Hepe State _.uguw MeXae

Well was drxneﬁmpﬁé%@q‘ﬂg balgd, 2 Lad 5. and is located in the
i ._.b..!‘h_z% HoWs 14 of Section...dL Twp.,_.3;9.53.9..._Rge._..!_9.....}i‘.?_

(B) Drilling Contractor... Befds sldzedge License No...VeBs79.
Street and Number_.._. Box 3% 379
City ".._.LOwiagipa State _ew HeXa ...
Drilling was commenced Max. 314 19.64
Drilling was completed. Hr.Lh 19.. 04.
{Plat of 640 acres)
Elevation at top of casing in fcet abave sea level Total depth of well__ 210 ¥7,
State whether well is shallow or artesian_.Shallo®_ ... _Depth to water upon completion. (2. ...
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet fI'hickness n Description of Water-Bearing Formation
From To Feet
! 95 |110 15 small ery@ilized gung rock & quick ssad
2
- - —
4
- A SO
Section 3 . RECORD OF CASING
Dia Founds Threads Depth N Perforations
in. £t. in { Tep Botlom Feet Type Shoe From To
ey cased
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of )
—From— T %o | Hole in in. Clay Cement ~ Methods Used
16 2 sacks of Grilldios wud uped o
hold guick saas deck
witiZe elesniag oad well
I
Section § 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. O 19
Plugging approved by: Cement Plugs were placed as follows:
) Depth of Plug
Tadin Qup ervisor No. ‘——,I"mm ) No, of Sacks Used
-7! SRREIRRI
FOR USE OF bTATE- : Gmﬁmﬂ ‘ohLY
ad

445 ¥
128 HY 61 AWM w5l -

Date Received

A

File No_ b2 135 £ J%,«? o Use_— SN Tocation No, f£:36. [[13/




Section § LOG OF WELL
Depth in Feet Thickness .

o T in Feet Color Type of Material Encountered
gn 110 15 rad ull ‘-‘3.‘,"‘* wized a0 _rock

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-
rect record of the above described well

V& i ."."-’ Gy ) -
Ceoa LA AN g A i
Well Driller ::f.""




o ' . Revised June 1972
. STATE ENGINEER OFFICE

WELL RECORD

Section 1, GENER_AL"_INFORMATION

(A) Ownerof wel .. Cn‘y of Lov.lnq"on Owner's Well No. .AN_%_/?.__

Strcet or Post Offico Address P O Box 1268
City and State .~ Lovington, .M, 88260

r - .
Well was drilled under Permit No, L 9517 and is located in the:

néé'_él? Y% BE %'SKSU\/. W viot Seczion____q_._’[‘ownship_n.. 165 Range 36E NMPM.

b, Tract Moo .. of Map No, of the
¢ LolNa.________ of Block No, of the
Subdivision, recorded in County.
do Xs o feet, Y jcet, WM. Coordinate System ) Zone in
the : " Grant.
{B) Drilting Contractof —— ... Cene Eades i,lce.:nsc Ne. WD?QZ
Address Rt.. 4 Tahokg, Tx. ___79373 '
Drilling Began —11=27-84 _ Completed _____ 11-27-84 Type tools Rotary __ sieofhole _._8_11»,
Elevation of land surface or at well is i1, Total depth of well 138 - ft,
Complated well is 04 shallow [} artesian. Depth to water upon éomblcticn af well ______.,____66 ft,

Section 2. PRINCIPAL WATER-BEARING STRATA

Depth in Feot Thickness L ) i Estimated Yield
From To in Feet Description of Water-Bearing Formation (gallons per minute)
66 138 72 Byown water sand w/ sandstone stringers 30 ]
Section 3. RECORD OF CASING
Diameter Pounds Threeds Depth in Feet Length ) Perforations
{inches) per foot per in. Tap Bottom (feet) Type of Shoe From To
53/4 1160 pst, 134 118 138
53/4 |Sch, 40 steel  for pitless adapter 4
Section 4. RECORD OF MUDDING AND CEMENTING
[ Depth inFeet Hole Sacks Cubic Feet
" From To Diameter of Mud of Cement Method of Placement
Lo o
Section 5. PLUGGING RECORD
Plugging Contractor
Address - No Depth in Feet Cubic Fect
Plugging Method . : . — : Top Bottom of Cement
Date Well Plugged. 1
Plugging approved by: 2 i
3
State Engincer Representative 4
. FOR USE OF STATE ENGINEEK ONLY
Date Received  December 10, 1984
Quad FWL FSL
File Na._... 2=9517 Tea Drinking/Sanitary._......  1A.36.3.33244

it ImrET



Section 6. LOG OF HOLE ‘
Depth in Feet Thickne
From P wTo i,:CF::: 5 Color aud Type of Material Encountered
0 3 3 Top sofl n
3 15 12 Caliche
15 ZAN . Sandy clay
21 40 19 Sandy clay & sandstone
40 45 25 Sand & sandstone
65 b6 1 Hard sandsione
66 138 72 Brown water sand
RN :
L - S\ - R
L
’ . .\‘
Section 7. REMARKS AND ADDITIONAL INFORMATION

e 0%

The undersigned hereby certifiesithat, to the hest ofKis knowledge and belief, the fozregoing is a
described hole,

irue and correct yecord of the above
G

7 i~ -{ -
‘,&15'74 (_/ ___,.'-’-—":'A'z/

) Driller

.




Form WR-28 . STATE ENGINEER OFFICE '

o WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. Al sections, except Seetion 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 Gi'i‘f{]' of mm‘iﬁm‘l
A) O f well ... A - - a—
(A) Owner o WL B 1%@
Street and Number s oot = Y Homeaedtayz
ci TR State
1 - o Tt — ——— e mrveanam an ma e
e T
WE_II x@; i ]adzyn er Permit No. 4. - igng% is Qeﬁtﬁgnﬁmc
5 of Sectipn._ ... Twpe ~REgeiye
5 by g~ VP St
(B) Drilling Contractor..a_m;m_ _____________ License Nowcomm .
Street and Numbe: U ——
C_:e an TerinEesn ™ W RORIEE
2} .._II_' —— e ... 'y
D':;l' as com ed =il LI 19@£§
rilling was commenc T ¥ . e
Drilling ways completed rrmss 18
. .glwlat of G40 acres) . ) 1@‘5‘ Sha
Elevation al top of casing in feet above sea lesvfil_ﬂflw-..m-__.;.wrotal depth of well. H—as
State whether well is shallow or artesian : Depth to water upon completion .
Section 2 . PRINCIPAL WATER-BEARING STRATA.
No. Deplh in EEEE-._... * Thickness in Description né ‘Water-Bearing Formation
From ;&, Feet N .
/A (5 79 1Y, o
LR =78 | S Ec Tl b
S ST O 2 T S
2 138 ANt ooy
3 4 i T g,
4 & N o,
=y LI A FARCERX 3
£ )
5
Section 3 RECORD OF CASING
Dia |- Pounds Threads Depth Perforations
- A .1 Feet Type Shoe
15 40l 3 i TP | BEER | astry Rtz AT
Section 4 . ‘RECORD OF MUDDING AND CEMENTING
Depth tn Feet - | Diameter |~ Tons . .| No. Sacks of o
From Tor Hole in in. Clay Cement’ Metheds Used
o . -
Section § o T PLUGGING RECORD _
Name "of Plugging Contractor: < .2 - Tsicense No
Street and Number: I fag . City. e - State:
Tons of Clay used........n-e—-—.Tons of Roughage used B ~Type of :ou;gh:agp
Plugging method used — Date éluggéd 0}
Plugging approve_gi by: . v V Cement.Plugs were placed as follﬁws:
_ No, |__.Depth of Flug
. Basin Supervisor N Frem ] To No. of Sacls Used
FOR USE QF STATEENGINERR oNLY
Date Received 1ists RLE y
ey P
1E 8 Wy 87 ¥ !

e No [ — 535¢  Use %C/ Location No./2-34. 3. g

{ooaaneTn




Seetion 6 LOG OF WELL
n?:’m in Fe;fo Type of Material Encountered
0 1 Soil.
1 L Rock
LT 18 ~ Caliche
16 62 Sand.
62 70 Sand Stone
70 8l Sand
| ok 98 Sand & Calcum
‘ 98 112 Sandy Clay
112 120 Sand.
120 138 Sandy Clay
138 The Waler Sand
146 153 Sandy Clay
153 158 Sand
153 161 Sandy Clay

rect record of the above described well

The undersigned hereby certifies that; to the best of his knowledge and belief, the foregoing is = t;}xe and cor-

44 *
£

& ] 4.
Y 3 A N
i - B od s o i O
T AR ﬁ*f eoll, P

Well Driller




) Form WR-23 /wy //' _-(

STATE ENGINEER OFFICE

WELL RECORD

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

Section 1 .y ) e
(A) Ovwner of well_ {4y oF Tewtnghts
Street and Number.
city _ luvingtun State M0 VeHOR
"} Well was drilled under Permit No..._b'm“_;.._.__and is ]ocal.ed in the
ﬁ*ﬁ %NYI %ﬁ’& %ofsecttum‘m Twp 8 Rge
(B) Drilling Contractormm%_.____ Llcense NOM;
Street and Number. Do b3 S N
city . Iowinghi o State . W HeHAS
Drilling was commenced “m ] ) 19 58
Drilling was completed.. Juns BY 19 58
(Plat of 640 acres) T )
Eleyation at top of casing in fect above sea level Total depth of well. 30k ke
State whether well is shallow or ariesian S Depth to water upon completion 6 £,
Section 2 PRINCIPAL WATER-BEAR!NG STRATA
No. Depth in Fedt Taickness in Description of Water-Bearing Formation
From © To Feel .
! &b 7k B | vebeyEwd
: | s | s | B | uskows
3
4
5
Section J RECORD OF CASING
Dia Pounds Threads Depth , Perforations
i, |t in Top | Bottera ™| Lo Type Shoe From ) To
7 in 86 B @5 | W | W5 | e = we
Galde
Section 4 RECORD OF MUDDING. AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of ' '
From To Hole in in. Clay Cement Methods Used
Tda FT0 Bing | b0 ande TFF IR
1
Section § PLUSGING RECORD
Name of Plugging Contractor. - License 'No..u_w_.....
Street and Numl;er 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:
Ho. | Depth of Flug Mo. of Sacks Used

. From To-

Date Received

FOR USE

File No.. < ~s7. 7&/

Location No. /M/_fﬂ_gzj—hﬂ

. b D T




. CanELED 0

Section 6 ' LOG OF WELL
m]:’ipu_‘ in Fe;i T;;‘“;‘:;fs_ , - Color- N Type of Material Envountered

g 1\ & | w - ;
SRS - SO S [ I SN ;; S
—201 28 8
— 28 45 28

86— —&
—B ' 8

The undersigned hereby certifies that, to the bgﬁt of his knowledge and belief, the foregoiné,is a trye and cor-
rect record of the above deseribed wrell '
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3. Dispersion Length of Chloride in the Vadose Zone

The dispersion length describes the amount of mixing a solute
such as chloride will undergo in the vadose zone. Dispersion causes
dilution of solute concentrations through mixing with ambient
vadose water or ground water in a longitudinal direction parallel
to water flow as well as in a transverse direction perpendicular to
water flow. Systems with larger dispersion lengths produce greater
mixing. Soil and aquifer heterogeneity tend to increase disper-
sion.

The dispersion length is very difficult to measure in the field. Re-
searchers and field personnel rely upon professional judgement
and published values (from laboratory or field experiments) to
arrive at the dispersion length for a particular site. In general,
researchers employ a dispersion length that is 7-10% of the total
model length. When modeling a ten meter thick vadose zone,
one may set the dispersion length at 10% of ten meters (100 cm).

4, Depth to Ground Water or Vadose Zone Thickness

The vadose zone is the region between the land surface and ground
water table, and its thickness is defined by the depth to the ground
water table. The vadose zone (also referred to as the unsaturated
zone) includes the capillary fringe (pore space completely filled
with water, under negative soil water pressure) and the overlying
soil and sediment where the pore space is partially filled with wa-
ter. Because ground water table depth rises and falls due to sea-
sonal fluctuations in precipitation, ground water pumping with-
drawals, and other factors, the thickness of the vadose zone is not
constant. Like soil texture, the thickness of the vadose zone af-
fects the time required for a release at the ground surface to reach
the water table. The thicker the vadose zone, generally, the longer
the travel time from ground surface to the water table. A rela-
tively thick vadose zone also has more open pore space to tempo-
rarily store released fluid. A thick vadose zone can attenuate the
effects of a chloride ion release more effectively than a thin va-
dose zone.

5. Climate
Precipitation and evaporation affect the water content of the va-

dose zone (before a release) and exert control over the migration
of chloride after a release. In a humid climate regular and gener-

o 'gi.j}‘?;wm Vs PR
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1T Hirwe {ONQITITANTS | 7T
A b DHICKS CONSULTANTS, LTD.

ous precipitation over the annual cycle can create relatively uni-
form infiltration patterns and a predictable soil water profile. In
arid climates, where rainfall occurs in short-duration thunder-
storms punctuated by long periods of drought, the infiltration is
not uniform and occurs only immediately after large precipita-
tion events. Arid climates exhibit vadose zones with relatively
low water contents.

In humid climates with relatively uniform infiltration patterns,
one could employ monthly climate data for simulation modeling.
In arid climates, daily precipitation and evaporation data are nec-
essary.

6. Chloride Concentration of Release

Chloride concentration in oil field brine water can be 100,000
ppm, or much lower if the producing formation contains fresh
water due to infiltration of precipitation over geologic time. One
of the easiest input parameters to measure in the oil and gas fields
is the chloride concentration of the produced water. The chloride
concentration in other types of released fluids can also be mea-
sured. The effect of chloride concentration in a released substance
is straightforward: the higher the chloride concentration, the
greater the environmental threat.

7. Release Volume and Chloride Mass

The volume of the release multiplied by the chloride concentra-
tion of the release yields the total mass of chloride released to the
environment. The total mass released is a very important input
parameter because it determines for a specific site the risk for
ground water impairment. In the absence of reliable data on the
volume of a release, the total mass of chloride can generally be
estimated by a field investigation.

8. Height of Spill

Chloride ion releases occur in bermed areas when produced water
storage tanks fail or within the natural terrain due to transmis-
sion line leaks and other transportation accidents. Releases may
pond in a berm, pit, or natural depression, or can be dispersed
over a large area. If the release is contained within a berm, the
spill height is equal to or less than the height of the berm. In an
open field, the spill height may vary. For a given site the amount
of chloride ion infiltration into the soil is a function of the hydrau-




T

lic head or ponding depth. As the ponding depth increases, so
does the hydraulic head, (pressure, at the soil/chloride ion spill
interface). Understanding the depth of ponding and the total
amount of infiltration per unit area guides the characterization
efforts. A large amount of infiltration may require deep drilling
for site characterization while a small release may require sam-
pling with a hand shovel.

9. Ground Water Flux

Ground water moves through an aquifer in response to its capac-
ity for transmitting water, or, hydraulic conductivity (m/day),
and the driving force caused by a sloping water table (hydraulic
gradient). The hydraulic conductivity of aquifers can be mea-
sured in the field, and can be found in publications that often pro-
vide estimates of this parameter. The hydraulic gradient can be
measured in the field by determining the depth to water at three
wells of known surface elevation. Multiplication of the hydraulic
conductivity by the hydraulic gradient yields the ground water
flux, which is the volume of water flowing through a unit area of
aquifer over a specified time period (expressed in m3/(m? * day) =
m/day). The lower the ground water flux, the higher the prob-
ability that a release will cause unacceptable ground water qual-
ity impairment.

10. Aquifer Thickness

A thick aquifer contains more water than a thin aquifer. A given
amount of chloride that enters from the vadose zone in a thick
aquifer will result in a lower chloride concentration than the same
amount entering a thin aquifer since aquifers that contain more
water can be more effective at diluting contaminates. A thick
aquifer that exhibits a large ground water flux may be able to
absorb chloride from a large surface release without any severe
impact to water quality.

11. Aquifer Ambient Chloride Concentration

Ambient chloride concentrations of ground water will influence
whether or not a release causes unacceptable ground water qual-
ity impairment. If ground water has a low chloride concentra-
tion, even a considerable release may not cause chloride concen-
trations to exceed the US EPA Secondary Standard of 250 ppm or
preclude the use of the water for agricultural needs. A high chlo-
ride concentration in ground water increases the risk that a chlo-

2T Hicks ConNSULTANT
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ride ion release will render the groundwater unfit for use. Simple
field measurements from nearby well water or published data can
supply an accurate estimate of the ambient chloride concentra-
tion in an aquifer.

1.1 HETEROGENEITY

Heterogeneity, most often caused by the layering of different sedi-
ment or soil types within a vadose zone, is more common in na-
ture than not. Heterogeneity affects the distribution of chloride
and other solutes through its strong influence on dispersion and
hydraulic permeability.

One of the most common simplifying assumptions employed by
regulators and guidance manuals is the assumption of homoge-
neity. However, a clay lens one meter thick found 3 meters below
a release in a sandy soil will have a profound effect on the migra-
tion of chloride through the vadose zone. Heterogeneity can in-
crease the attenuation of a release and help mitigate the effects on
ground water quality.

1.2 RELEASE VOLUME, SPILL HEIGHT, AND CHLORIDE
CONCENTRATION OF THE RELEASE

We have found that knowledge of the volume of a release is less
important than understanding (1) the chloride load per unit
area and (2) the geometry of the release with respect to ground
water flow. Because release volume is seldom known with
accuracy, we have combined chloride concentration in the
release and spill height into a single parameter: chloride load/
unit area. We then used the release volume and spill height to
calculate the size of a circular release. As described below, we
used the diameter of the release as the length of a release paral-
lel to ground water flow. If an oblong release geometry is
oriented parallel to ground water flow, more chloride will enter
the aquifer along a specific flow line, yeilding a higher chloride
concentration in the down gradient well. If the long axis of the
oval release is perpendicular to ground water flow, the impact to
a well will be less. By re-arranging and combining these fac-
tors, we reduced the total number of factors from 11 to 10.
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2.0 MoDELING APPROACH

The modeling of chloride ion migration from the soil surface
through the vadose zone into a shallow aquifer towards a moni-
toring well would require a sophisticated three-dimensional model,
which takes into account the full coupling between unsaturated
flow in the vadose zone and saturated flow in the aquifer. Such
an approach is outside the scope of this study since generally ac-
ceptable three-dimensional models capable of such simulations
are still being developed. Moreover, the computer time necessary
to conduct such simulations would have been prohibitive for regu-
lators and oil field personnel.

We used an approach based upon the assumption that flow
through the vadose zone is mainly downward. This assumption
is reasonable for humid climates where precipitation exceeds
evapotranspiration most of the year. It is also reasonable in arid
climates when the ground water table is so deep that no upward
flow due to capillary rise can be maintained. Under these condi-
tions, it is possible to de-couple the modeling of water flow and
chloride transport in the vadose zone from the modeling of water
flow and chloride transport in the aquifer. We assume that flow
in the vadose zone is one-dimensional downward and flow in the
aquifer is one-dimensional horizontal. This assumption allows us
to first simulate water flow and chloride transport through the
vadose zone using the model HYDRUS-1D. The output from
HYDRUS-1D is the downward water flow seeping out of the va-
dose zone and the downward chloride flux over time. These out-
puts are used as inputs into the model for the aquifer. In this
study, we used two models for the aguifer: MODFLOW and a
simple groundwater mixing model. MODFLOW is a standard
code for modeling water flow and solute transport through aqui-
fers (Domenico & Schwartz, 1998). Since it takes quite some time
to setup a simulation in MODFLOW, we used a validated excel
spreadsheet mixing model to generate results more cost effectively.

2.1 VADOSE ZONE MODEL: HYDRUS-1D

2.1.1 Model Overview

HYDRUS-1D (Simunek et. al, 1998) is used to simulate one-di-
mensional transport of water, heat, and solute movement in vari-
ably saturated porous media. The HYDRUS- 1D model was de-
veloped by the George E. Brown Jr., Salinity Laboratory, USDA,
ARS, Riverside, California and is distributed by the International
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Ground Water Modeling Center (IGWMC), Golden, Colorado. A
Microsoft Windows™ based Graphics User Interface (GUI) sup-
ports HYDRUS-1D.

The HYDRUS-1D model numerically solves the Richards’ equa-
tion for water flow and Fickian-based advection-dispersion equa-
tions for heat and solute transport. The HYDRUS-1D flow equa-
tion includes a sink term (a term used to specify water leaving the
system) to account for transpiration by plants. The solute trans-
port equation considers advective, dispersive transport in the lig-
uid phase, diffusion in the gaseous phase, nonlinear and non-equi-
librium sorption, linear equilibrium reactions between the liquid
and gaseous phases, zero-order production, and first-order degra-
dation. The heat transport equation describes conduction as well
as convection.

HYDRUS-1D can handle large numbers of soil layers, and uses
the van Genuchten-Mualem, Brooks-Corey, Kosugi lognormal,
and Durner dual porosity models to describe soil hydraulic prop-
erties. When values of soil hydraulic properties are unavailable,
HYDRUS-1D can estimate them from a small catalog of values
based on major textural classes (e.g., sand, sandy loam, etc.) or
neural network based predictions.

The HYDRUS-1D code can simulate a wide range of boundary
conditions. These are constant and time-variable pressure heads
and fluxes, free drainage, seepage face, and an atmospheric bound-
ary condition. An atmospheric boundary condition can be used
to either generate run-off when the precipitation rate exceeds the
infiltration capacity of the soil, or store excess water on the land
surface allowing the water to infiltrate when precipitation stops.
Time-variable conditions can be entered hourly, daily, or any gen-
eral time interval.

We used HYDRUS-1D for the vadose zone simulations of this re-
search project because we are interested in the vertical transport
of water and chloride through the vadose zone. The outputs from
HYDRUS-1D are the daily water flow and chloride flux from the
vadose zone over the time period of the simulation expressed as
cm day* and mg cm? day* respectively. These outputs are used
as inputs into the simple mixing model.

2.1.2 Applicability of HYDRUS-1D for Chloride ion Releases
Surface or near surface releases of chloride ion migrate through
the vadose zone under variably saturated conditions as a function
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Form WR-23 ’ STATE ENGINEER OFFICE .

F D FReR 10 . WELL RECORD
LNS&'f\’fUCTI S 5 form should be executed in triplicate, preferably {ypewritten, and submitted to the
nearest distyict office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possiblo when eny 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 Aity A7 Loviuzten
{A) Owner of well__#3Q, Tave 12063
Street and Number__Eonwingion Ry Momre
City Lo ¥OL% _ State
Well was di-ﬂiéa_ under’ Bermit No 0 148d s docateddiit the
1 Y YiseSeetioinime.. Twp..... Rgeffs 300
(B) Drilling Contractor_ .3 FUI License Nowmoeeeeee
Street and Number: ot ety L A
City Eowe 27, State £n
Drilling was commenced Dty 9y : 19,60
Drilling was mm{ﬂp’téd_‘ . 19
(Plat of 040 acres) & RRLES 1L i
Elevation at top of casing in feet above sea levelBOidow___ Total depth of well LS T
State whether well is shallow or artesian Depth to water upon completion
Section 2 _ PRINCIPAL WATER-BEARING STRATA
No. - Depth in Feet 'l‘hicﬁk‘ne:: n . Description of Water-Bearing Formation
ee .
o | o & Annd
' | 82 | b 12 Gk fand
R - Y Send
S (132 | 337 - 5 Sane,
¢ - (16 | 1el & Bend 9 -
"3 ENZE PAZY) iz T Sead
Sectiond - . RECORD OF CASING
. "Threads Depth S Perforations
2 A% TR |e—rmema| T | Tee Shee Fom | TT P06
Section 4 RECORD OF MUDDING AND CEMENTING
Depth tn Feet Diameter Tons | No. Sacks of ‘ i
From 7o Hole in in. Clay Cement Methods Used
)
Section § 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 d Date Plugged. 19
Plugging approved by: Cement Plugs were placed as follows:
' ' Deptn of Plug
T3 i‘j_f”,ﬁ’\’?}ﬁf’m Supervisor . No, From T No. of Sacks Used
G
FO]ESF:FJS P_&_‘AQ’H%_QGH!EER ONLY ]
30 WAAMINT TiLS
‘Date Receivpd » , [
YPR-B- 193079 7 _
File No L" {d/T?/ Use. = /% : Location No. yl -2 34 /ﬂ.—24y

i L D



. N ‘
Section 6 LOG OF WELL
1?;]3:?&‘ in Fe:; Tgclnc’:ex::s Color Type of Material Enc.ountered
-0 2.t 2 Soil
2 8 6 Clachie
8 |_12 4 Solder
12 28 16 Clichie
28 70 Lz Sandy Glay
70 76. 6 " YWater. Sand -
76 82 6 Sandy Clay
82 | 94 12 Quick Sand . ..
o | 112 18 Sandy Clay
112 | 116 4 Sand
116 132 16 Sandy Clay
132 137 5 Sand
137 16k 27 Sandy Clay
164 | 168 I Sand
168 - | 178 10 Sandy Clay
178 190 12 Band
190 | 205 15 Clay
205 215 10 Clay & Hravel
215 216° 1 Red Bed
: [SElev m——
PPt R Trc_
Clev of__k ;ﬁ:
lac.. HNo
Hydrp, Susvay FiaidAChack

The undersigned hereby certifies that, to the best of hiz knowledge and helief, the foregoing is a true and cor-
rect record of the above described well,

) g5elY

ety Foetre

SOURRT &7 auTuns SIVEN
Interioiated fiam Topn, Shaet

Determined by Inst.” Leveling

Other

Weill Driller
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ABO leak

Unit G, Sec. 1, T17S, R36E

Calculation of Lovington Abo Spill Height, SB-1

Calc. Chloride load in kg./mA2 (From calc., see other sheet ) 19.228
Area of spill in ft*2 (Field measurements, ROC) 30818
Area of spill in m*2 2866.84445
Totlal Clin mg. (=Clload * area ) 55123685085
Conc. of the spill mg.(Cl)/ecm*3 ( from field test ) 247.04
Volume of spill in liters (= (Total Ci * 1000 )/ Conc.} 223136.6786
volume of spill in ft.A3 7878.956122
height of spill in inches { = vol.of spill / area ) 3.067930218
height of spill in cm. 7.783354922

Calculated Chloride load at SB-3

. . . " .
Soil Bore #3 Soil density Kg./m*3 fl?epth N o) in each layer
I : in kg.
Bepth bgs (_[CT] ppm | )
3 647 1858 3 1.194808711
4 1023 1858 1 0.629721438
5 1018 1858 1 0.626643621
6 947 1858 1 0.582938614
8 733 1858 2 0.902416059
9 700 1858 1 0.430894435
10 736 1858 1 0.45305472
11 533 1858 1 0.328095334
12 432 1858 1 0.265923423
13 396 1858 1 0.243763137
14 301 1858 1 0.185284607
15 256 1858 1 0.15758425
Total CL. in kg./m*2 for SB-3 6.00112835
Calculation of Lovington Abo Spill Height, SB-3
Calc. Chloride load in kg./m"2 (From calc.) 6.00112835
Area of spill in fi*2 (Field measurements, ROC) 30818
Area of spill in m*2 2866.84445
Totlal Clin mg. (=Clload * area ) 17204301503
Conc. of the spill mg.(Clylem*3  ( from field test ) 247.04
Volume of spill in liters ( = Total Cl/ Conc.*1000) 69641.7645
volume of spill in ft.A3 2459.050705
height of spill in inches (= vol.of spill / area ) 0.957512118
height of spill in cm. 2.429213224

The SB-3 spill data was used in the HYDRUS-1D runs to calibrate the model to the soil. For
the long time run with the adjusted soil, the chloride load at SB-1 was installed as the initial
condition in the soil profile. This adds the chioride load from the earlier spill to the long time
simulation.

Barrel size

42

theta_v assumed .15

Vol. in barrels,
assumes a
barrel is 42 gal.

1403.392

theta_v assumed .15

Vol. in barrels,
assumes a
barrel is 42 gal.

438.0038
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1.0 FACTORS INFLUENCING THE
MiGRATION OF CHLORIDE FROM A
RELEASE

Chloride ion migration is controlled by a combination of factors
related to the vadose zone, the aquifer and the characteristics of a
release. Eleven factors control chloride ion migration. Here we
discuss how these factors affect the movement of the chloride ion
through the vadose zone and in the aquifer.

1. Vadose Zone Texture

The proportion of sand, silt, and clay in a soil or sediment defines
vadose zone texture. Texture affects the flow of water and the
transport of dissolved chloride. In the vadose zone, fine-grained
layers containing silt and clay, which generally have relatively
high moisture content, can often transmit water more quickly
than drier coarse-grained units containing sand and gravel. A
vadose zone composed of layers of fine-grained and coarse-grained
units will often transmit water more slowly than a homogeneous,
fine-grained profile. In the unsaturated zone, open fractures do
not transmit water.

2. Water Content in the Vadose Zone

The soil moisture content is the volumetric fraction of water in a
soil or sediment. Climate and soil texture influence soil moisture
contents. Wetter, more humid environments result in higher
moisture contents. Fine grained and heterogeneous soils retain
water better than coarse-grained, more homogeneous soils. There-
fore, the more heterogeneous and finer grained the material, the
greater the water content.

The water content of a soil or sediment affects its ability to trans-
mit fluids because the hydraulic conductivity increases with in-
creasing water content. The hydraulic conductivity of a sandy
soil with water content of 20% can be 1,000 times greater than
the same soil in an arid climate where water content is only 5%.
Although chloride ion from a release may migrate much faster in
a wet soil profile, the natural water in the soil also dilutes the

chloride concentration and provides some mitigation of its effects
on ground water quality.
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of release volume, topography, and climatic conditions (i.e., pre-
cipitation and evapotranspiration). Although other vadose zone
models exist that satisfy this criterion, we selected HYDRUS-1D
over other models for the following three reasons:

1. It can simulate water and solute transport through
heterogeneous porous media: horizons and sediments of
varying geology;

2. It can incorporate daily climatic data; and

3. We are familiar with the model.

Dr. Jirka Simunek of our team developed the HYDRUS-1D
model with his colleagues Dr. van Genuchten and Dr. Sejna; Dr.
Jan Hendrickx, another team member, has used the HYDRUS-
1D model for many years for evaluation of groundwater re-
charge and salt movement through the vadose zone.

2.2 SATURATED ZoNE MobpeL: Mixine MopeL ano MODFLOW

As stated, the objective of this part of this study is to evaluate the
impact of choride releases on ground water quality as measured
in a well adjacent to and down gradient of the release. The chlo-
ride flux leaving the vadose zone, the horizontal flux in the un-
confined aquifer, the original chloride concentration in the ground
water, and the thickness of the unconfined aquifer also affect the
chloride concentration of the aquifer. Since the water flux seep-
ing from the vadose zone and its chloride concentration vary with
time, no simple analytical solutions are available for determina-
tion of the time-varying chloride concentration in the well.

Therefore, we implemented a simple spreadsheet ground water
mixing model for the determination of the chloride concentration
in the well. This mixing model uses the output of the HYDRUS-
1D model as input. We have to define the aquifer volume, (the
mixing compartment underneath the spill) as a first step in the
ground water mixing modeling process. Assuming a circular spill
area and a unidirectional horizontal flux in the aquifer, the high-
est impact will occur where the ground water has the longest ex-
posure to the incoming chloride from the vadose zone. This takes
place along the diameter of the circular spill. Therefore, the length
of the mixing compartment is made equal to the diameter of the
spill area, D. The depth of the mixing compartment is the thick-
ness of the aquifer, H. The width, W, of the mixing compartment
is taken equal to unity (one) to simplify the calculations.

RT. Hic
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Now we will develop the relation between the water flux seeping
out of the vadose g, the chloride concentration in the vadose zone
flux , C, the horizontal flux in the aquifer underneath the release
entering the compartment, g, the original chloride concentra-
tion in the aquifer, C,, the horizontal flux in the aquifer under-
neath the release leaving the compartment, g, , and the chloride
concentration of the aquifer flux leaving the area underneath the
chloride ion release, C_,. The latter concentration is the one that
will be monitored in the down gradient well. We make the fol-
lowing reasonable assumptions to determine C_:

1. Ground water flow is in steady state. The discharge entering
into the mixing compartment from the vadose zone, ¢ HDHW,
plus the horizontal discharge in the aquifer entering the mixing
compartment at its up-gradient side, g HHHW, are equal to the
discharge leaving the mixing compartment, g HHHW.

2. Changes in thickness of the saturated aquifer are small
compared to the total thickness of the aquifer H.

3. The thickness of the aquifer, H, and its porosity, n, are
constant.

4. Mixing of the chloride entering the mixing compartment is
complete and immediate. This assumption appears invalid from
data published in the recent literature (LeBlanc et al., 1991; Zhang
et al., 1998). We can use the results of the mixing model as an
excellent indicator of the mean chloride concentration in a supply
well penetrating the aquifer underlying the release, but not as an
indicator of the chloride distribution in the aquifer.

The volume of the mixing compartment, V, will be constant
under these assumptions, and is equal to:

V=DxHxWxn (2-1)

The water balance of the mixing compartment is equal to:

Gu X HAxW+g, xDxW=gq,,x TxW
(2-2)

We can eliminate variable W from Egs. [2-1] and [2-2] by
putting W= 1 m.
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The chloride balance of this mixing compartment during any
time period dt is:

g, xC., x H +g,%C, xD)- (g, x H +g, x D)xC., Pt = [Dx H xn}jiC

(2-3)
where dC is the change of chloride concentration occurring
during time period dt.

Rearranging Eq. [2-3] we obtain the ordinary differential
equation:

dC _qinxCinXH+quCvxD—(qinxquvxD)xC(mI
dt HxDxn

(2-4)

As soon as chloride from the release enters the ground
water, the volume average concentration in the mixing
compartment is C_ after complete mixing has occurred.
Thus the chloride concentration of the water leaving the

department, C_, becomes:

C= Coul and dC = ng,,,

(2-5)

Therefore, we can convert Eq. [2-4] in a forward finite
difference expression:

CiH'—Cl, g, xC.xH+q xC!xD-(g, xH+q!xD)xC.,
-y HxDxn

(2-6)

which yields an explicit expression for C_ i+

out

xC,.""xH+q:xC:xD—(q:"xH+qf,><D)xC’ ]x[ti+1 —t']

Ci+l = Ci + [qfn out
HxDxn

out out

(2-7)

Using the output from HYDRUS-1D: the chloride concentra-
tion, C, of the water, g/, entering the ground water table on
day, ¢, we have put into a spreadsheet the mixing model of Eq.

1cks CONSULTANTS, LD,
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[2-7]. By changing the values for spill diameter, D, ground
water flux, q,, original chloride concentration in the aquifer,
C,, and the aquifer thickness, H, we have evaluated the effect of
these four factors of an unconfined aquifer.

Figure 2-1 Comparison between MODFLOW and the Mixing Model

Shreveport Clay
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Figure 2-1 presents two comparisons between the chloride
concentrations in the well located down gradient of the entry
point of the release obtained with the mixing model Eq. [2-7]
and those obtained with the model MODFLOW. The two com-
parisons deal with two complete different sets of environmental
and release factors. In Shreveport the vadose zone texture is
clay, the dispersion length 0.1 m, release chloride concentra-
tion 10,000 ppm, spill height 0.6 m, and aquifer flux 0.05 m/
day. In Hobbs, vadose zone texture is sand, dispersion length
2.0 m, release chloride concentration 100,000 ppm, spill height
0.025 m, and aquifer flux 0.004 m/day. The maximum chlo-
ride concentrations predicted by the two models is quite simi-
lar, although the time of arrival to the maximum concentra-
tion is different between the two models. We have conducted
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this part of the study using the less expensive mixing model
Eq. [2-7]. (Our approach using HYDRUS-1D in combina-
tion with MODFLOW and Eq. [2-7] is valid for situations
where the vadose zone seepage flux, q , is downward. A down-
ward flux in the vadose zone is always found in the profiles
with a deep ground water table depth. However, in the pro-
files with a ground water table depth between 0 — (+/-) 10
m an upward flux from ground water table towards the soil
surface does occur as a result of capillary rise. The magni-
tude of the upward capillary flux depends on soil type and
climate.

A large amount of precipitation enables the downward vadose
zone flux to dominate the chloride transport in both the sandy
and clayey soil in the humid climate of Shreveport. Occasion-
ally in the clayey soil an upward flux is encountered during
short periods without rain.

An upward flux is sometimes found in the sanyd soil but is
prevalent in the clay soil in the arid climate of Hobbs. For
example, when the ground water table depth is 3 m, the average
upward flux in a clay profile would be 0.04 cm/day or 13.5 cm/
year; this upward capillary flux causes the chloride and soil
water from the release to stay in the vadose zone and protects
the ground water from impairment. In hydrogeological situa-
tions where capillary rise is common, vadose zone water move-
ment towards ground water is sporadic. However, a big storm
can push chloride ion into a shallow aquifer very quickly.

There is a strong dynamic interaction between all eleven factors,
outlined in section 1.1., when water leaving the vadose zone, g,
changes direction frequently in response to precipitation events
(downward movement) and evapotranspiration (upward
movement). In dry climates with shallow ground water (less
than 3 m), upward movement of ground water into the vadose
zone thnce to the atmosphere is common. The only manner to
correctly simulate the interaction between these factors is by
employing a two- or three-dimensional model, such as
HYDRUS-2D. However, since the main objective of this study
is ground water impairment and the effect of capillary rise in
diminishing the leaching of chloride to the ground water, and is
not the chloride ion concentration in the root zone, we used the
mixing model Eq. [2-7] for ground water table depths of 3 m.
We used the equation only for downward fluxes and made it
inactive when the vadose zone flux g, goes upward. It was




initiated again with the next occurrence of a downward flux, g,
taking the C,_, value of the previous occurrence of a downward
q,- In this manner a conservative estimate is obtained of the
chloride concentration in the monitoring well assuming perfect
mixing for shallow groundwater tables.
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3.0 SENSITIVITY ANALYSIS OF
FacTORS DETERMINING CHLORIDE
loN FATE

3.1 PURPOSE

After a brine release, the concentration of chloride in the vadose
zone decreases with time and distance traveled through the va-
dose zone towards ground water because of dilution with ambi-
ent soil water. Further dilution occurs in the aquifer after the
chloride reaches the ground water. The maximum chloride con-
centration occurring at a well down gradient from the release will
depend on all the factors that affect chloride transport through
the vadose zone and shallow aquifer. Understanding these fac-
tors is critical for the design and implementation of a site charac-
terization program after a chloride ion release. The degree of
ground water quality impairment determines to a large extent
the need for a ground water remedy. The purpose of this sensitiv-
ity study is to evaluate which of the eleven factors have the great-
est effect on prediction of maximum chloride concentration in
the well down gradient of the release.

3.2 MODELING SPECIFICS

We needed to optimize our simulation efforts in order to obtain
the maximum amount of information from the modeling. Sta-
tistics of experimental designs (e.g. Law & Kelton, 2000; Snedecor
& Cochran, 1967; Steel & Torrie, 1980) allow us to decide which
combination of factors to simulate so that the desired informa-
tion can be obtained with the lowest possible number of simula-
tions.

The factors used in experimental design statistics are the input
variables to our simulation models. The outputs of our simula-
tions are the responses. The responses that we consider in this
study are the maximum chloride concentration, C, _, occurring
in the well and the time at which the maximum chloride concen-
tration reaches the well, T _.
We have opted for a 2 factorial design that requires us to choose
two levels of each factor in this study. This design results in a
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total of 2 simulation runs, where k is the number of factors. We
chose the two values for each factor so that they represent two
opposite conditions such as an arid and a humid climate. The
factors can be qualitative like climate or quantitative like depth to
ground water. The two input values should not be too extreme or
unrealistic. Additionally, the two values should not be too similar
or the simulations may not adequately evaluate important as-
pects of the transport process under consideration. The 11 factors
of this sensitivity analysis (see Table 3-1) resulted in 2" or 2,048
different chloride ion release scenarios.

3.2.1 VADOSE ZONE FACTORS

Table 3-1: Vadose zone, aquifer, and
brine release factors determining
maximum chloride concentration
arriving at a monitoring well down
gradient.

Climate

Factor Factor Factor Maximum Chloride
We selected the two con- Concentration
trasting climates of Lea # Description Abbreviation Decrease Increase
County, New Mexico, ! Climate clim Arid Humid
and Shreveport’ Louisi- 2 N Soil Texture so¥l Clay Sand
£ th tivit 3 Initial Water Content wcin Wet Dry
ana O,r ¢ sensiivi ,y 4 Chloride Dispersion Length disp 20m 0.1m
analysis. Lea County is s Ground Water Deoth : 10 3
. . round Water De gw m m
located in the arid south- P
west, and Shreveport isin 6 Ground Water Flux qaq 0.05 m/day 0.001 m/day
the humid south. Lea 7 Ambient Aquifer Cl1 cin 0 ppm 100 ppm
County’s annual precipi- Concentration ,
. . 8 Aquifer Thickness thick 30m 3m
tation and potential
. . . 9 Release Volume vol 100 barrels 10,000 barrels
evapotranspiration 1s 14
: : 10 Release Height depth 0.025 m .6m
inches and 59 inches, re-
. 59 . g 11 Release Chloride clcon 10,000 ppm 100,000 ppm
spectively, while annual Concentration
precipitation and poten- 10*11 Release Chloride Mass clmass 250 g/m’ 60,000 g/m’

tial evapotranspiration
for Shreveport is 46
inches and 67 inches, respectively. Lea County and Shreveport
also differ in how precipitation occurs. In Lea County, the major-
ity of precipitation occurs during the “monsoon” of July-August
and much of the remainder of the year resembles drought condi-
tions. Shreveport’s precipitation falls throughout the year.

Vadose Zone Texture

We selected sand and clay as contrasting soil textures for the sen-
sitivity analysis. Sand and clay differ not only in grain size but
also in their ability to retain and transmit water. Sand has a rela-
tively high-saturated hydraulic conductivity and low water re-
tention; whereas clay has a relatively low saturated hydraulic con-
ductivity and high water retention.
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Water Content in Vadose Zone

We hypothesized that higher initial water content in the vadose
zone would result in slower chloride ion movement because the
initial moisture must be displaced before the chloride ion can move
downward through the vadose zone. We used HYDRUS-1D to
predict initial water contents for both vadose zone textures in both
Lea County and Shreveport. We used these predictions as initial
conditions in the sensitivity analysis.

We ran simulations for one hundred years or until we achieved
dynamic equilibrium between soil water content and climatic con-
ditions for both the wet and dry initial conditions. To create wet
conditions, we ran simulations without any vegetation (low evapo-
transpiration); and ran simulations with vegetation (high evapo-
transpiration) in dry conditions. We used evergreen plants ca-
pable of transpiring soil water all year round with a 3 meter (~10
ft) deep root zone. Transpiration of soil water created a drier soil
profile than simulations without vegetation.

Dispersion Length of Chloride in Vadose Zone

For the sensitivity analysis, we selected minimum and maximum
chloride dispersion lengths of 0.10 m (0.33 ft) and 2.0 m (6.6 ft),
respectively. The larger dispersion length will produce greater
mixing of chloride ion with ambient soil water in the vadose zone,
and it is expected to result in a lower maximum chloride concen-
tration in the well. Conversely, the smaller dispersion length will
result in minimal mixing, e.g. minimal attenuation of the release,
and larger maximum chloride concentrations. We based our se-
lection of dispersion lengths on values reported in the literature
(Gelhar, 1993).

Depth to Ground Water

Deep ground water allows for more storage of chloride ion and
more attenuation of the maximum chloride concentration dur-
ing its downward migration. We selected ground water depths of
3.0 m (9.8 ft) and 30 m (98 ft) for the sensitivity analysis. These
depths represent reasonable values for a shallow and deep aqui-
fer, respectively.

3.2.2 AQUIFER FACTORS

Ground Water Flux

Ground water flux represents the rate of ground water move-
ment and effects the ability of an aquifer to dilute chloride and

other constituents of a chloride ion release. A large ground water
flux produces greater dilution.




We based our selection of minimum and maximum groundwater
fluxes on literature values for the Ogalalla aquifer, Southern Lea
County, New Mexico (Native and Smith, 1987). We used 0.10
cm/day (0.0033 ft/day) and 5.0 cm/day (0.16 ft/day) as mini-
mum and maximum values, respectively. The maximum flux is
lower than some of the ground water fluxes reported in the litera-
ture (e.g. 40 cm/day by Zhang et al., 1998) and, thus, is a conser-
vative estimate.

Aquifer Ambient Chloride Concentration

We selected ambient chloride concentrations for ground water of
0 ppm and 100 ppm. One hundred parts per million or less is
typical for ground water of the Ogallala aquifer (Nicholson and
Clebsch, 1961) and the Carrizo-Wilcox aquifer in Caddo Parish,
Louisiana (Rapp, 1992). Although 10-ppm chloride is a more
characteristic minimum value for the Ogallala and Carrizo-Wilcox
aquifers, we selected 0.0 ppm to create a greater difference be-
tween minimum and maximum chloride concentrations of ground
water.

Aquifer Thickness

The thicker the aquifer, the more opportunity for mixing (dilu-
tion), and the lower the predicted chloride concentration will be
in the aquifer. We selected two aquifer thicknesses, 3.0 m (9.8 ft)
and 30 m (98 ft). Three meters are approximately equal to the
length of most well screens used to monitor the chloride changes.
Therefore, an aquifer thickness of 3 meters provides a good esti-
mate of expected chloride concentrations at a monitor well in a
thicker aquifer under conditions of limited vertical mixing. Many
unconfined, alluvial aquifers are greater than 30 m thick, but we
have selected 30 m as the maximum value. A 30 m thick satu-
rated sandy formation with a hydraulic conductivity of at least
0.0005 m/s (140 ft/day) is classified as a good aquifer (Freeze
and Cherry, 1979).

3.2.3 CHLORIDE ION RELEASE FACTORS

Release Volume

We used minimum and maximum release volumes of 100 bbl (16
m?) and 10,000 bbl (1,600 m3), respectively. These release vol-
umes are representative of large and very large releases based on
the experience of oil and gas industry personnel.

R8s ConsuLTanTs, L.
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In the one-dimensional HYDRUS-1D model we used only spill
height as an input variable. The spill volume was introduced into
the mixing model using the diameter of the spill. For example, a
100 barrel release resulting in a chlo-

Figure 3-1. Schematic of Two Possible
Brine Release Characteristics After a
Release of 100 Barrels.

ride ion release of 0.025 m height with
circular shape will have a diameter of
29 m while a release of 0.6m height
will have a diameter of only 6m (Fig- SPILL AREA
ure 3-1). Table 3-2 summarizes the
four chloride ion release areas evalu-
ated with the mixing model. These
four release areas are combinations of
the two spill heights (0.025 and 0.6
m) and two release volumes (large:
100 barrels and very large: 10,000
barrels). SPILL HEIGHT ”
Werepresented all spill areas as circles,
and then, used the mixing model to
evaluate mixing along the diameter
of each circular spill (see Table 3-2).

S |
25¢cm

SPILL VOLUME 100 BARRELS

O

m 60 cm

The diameter of each circle represents
the longest path groundwater must flow beneath each release area,
and thus provides a conservative estimate of groundwater quality
impairment at a well immediately down gradient of a release.

Chloride Concentration of Release

Table 3-2. Characteristics of
brine releases in this study.

We selected chloride concentrations of Volume Depth Area Diameter
10,000 and 100,000 ppm, as the Barrels m® m m’ acres m
minimum and maximum concentra- 100 16 0.025 640 0.16 29
tions for the chloride ion release input 0.6 26.67 0.007 6
parameter in consultation with 10000 1600 | o0.025 64000 16 285
experienced professionals. These 0.6 2666.67 0.7 58

concentrations are representative of
most chloride ion releases.

The mixing model does not consider density differences between
the density of the chloride ion arriving at the aquifer and the
density of the water in the aquifer. These differences (even if
small) may cause chloride ion to sink in an aquifer (LeBlanc et
al.,, 1991; Zhang et al., 1998) and would influence the distribu-
tion of chloride ion in the aquifer. Since our approach assumes
complete mixing in the aquifer, the chloride distribution is not
taken into account. Water extracted from a well by bailing or
pumping typically would represent a well mixed sample. The
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results of the mixing model help to identify environmental and
release characteristics that cause groundwater quality impair-
ment and provide a measure of the overall impact of a chloride
ion release on an aquifer.

Height of Spill

We selected 0.025 m (1 inch) and 0.6 m (2 ft) as the minimum
and maximum spill heights, respectively, of brine water on the
land surface, based on observations of oil and gas industry
personnel. A 0.6 m (two-foot) height represents a discharge of
1600 m3 (10,000-bbls) of chloride ion to a 2670 m? (0.7 acre)
bermed area or large depression. Releases to flat or gently
sloped areas are likely to result in initial heights of 0.025m (an
inch) or less.

Chloride Mass

Table 3-1 presents a final factor, “Release Chloride Mass”. This
factor, which is the product of “Release Height” and “Release
Chloride Concentration”, is the mass of chloride released to the
ground surface per unit area. As Table 3-1 shows, a chloride ion
release (see Release Chloride Concentration) of 100,000 ppm
chloride that ponds to a depth of 0.6 meters (see Release
Height) causes a subsurface chloride input of 60,000 grams per
square meter (the Release Chloride Mass).

3.3 SIMULATION RESPONSES

The simulations with the HYDRUS-1D code and the mixing model
yield large amounts of information about the flow of water and
the transport of chloride through the vadose zone and the under-
lying aquifer. As mentioned above, we have selected two critical
response variables for the sensitivity analysis: (i) the maximum
chloride concentration in a down gradient monitoring well, C__,
and (ii) the time of arrival of the maximum chloride concentra-
tion at the monitoring well, T __ .

Maximum Chloride Concentration

The maximum chloride concentration defines the center of mass
of a release as it migrates through the vadose zone into the aqui-
fer and reaches a well. For this reason, we used the maximum
chloride concentration, C__, toidentify those factors listed in Table
3-1that have a significant influence on chloride migration through
the vadose zone and the aquifer as the release moves toward the
well. Evaluation of C__can also identify the environmental con-
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ditions that result in significant attenuation of chloride ion. For
example, for those simulations where C___is much less than the
original chloride concentration of released chloride ion, environ-
mental factors cause significant chloride ion attenuation. Addi-
tionally, an evaluation of C__ can be used to identify release sce-
narios that pose little or no threat to groundwater quality. For
instance, simulations that predict a C__ less than the EPA Sec-
ondary Water Quality Standard of 250-ppm chloride will not cause
water quality impairment. On the other hand, when predictions
of C___are greater than 250-ppm, ground water quality may be
threatened by the release. Thus, the maximum chloride concen-
tration in the well informs us about the risk for ground water
impairment and its severity.

Time of Arrival of Maximum Concentration at the Well

Time of arrival of maximum concentration, T, , is the time re-
quired for the chloride center of mass to reach the well. It dictates
the urgency to implement a field investigation and possible rem-
edy. A relatively rapid response is required if simulations suggest
a chloride concentration of 250 ppm or more at a well within a
few years. However, when input factors combine to predict that
decades or centuries are required for a well to show ground water
impairment, an immediate ground water investigation may be of
little value.

Table 3-3. Main effects of the vadose
zone, aquifer, and brine release factors
on the maximum chloride concentration

3.4 STATISTICAL ANALYSIS OF THE RESPONSES AT MONITORING
WELL

Following the statistical
approach by Law & Kelton

. . Factor Effect on Cmax
gzooo) for sun.u]atlon model- opm Relative Effoct
ing and analysis, we deter- = =
mined the impact of each Height of Brm.e Release . 4,340 1
factor presented in Table 3-1 Release Chloride Concentration 4,017 0.93
on the migration of chloride Thickness of Aquifer 3,237 0.75
ion through the vadose zone Soil 2,070 0.48
and aquifer. We did this by Aquifer Flux 1,994 0.46
inspecting the effect of each Dispersion Length 1,545 0.36
factor on the maximum Climate 1,184 0.27
chloride concentration in a Ground Water Depth 1,081 0.25
down gradient well, C__, and |Volume of Brine Release 932 0.21
the arrival time of this con- Ambient Cl Concentration 76 0.02
centration, T, , at the well. Initial Water Content of Soil 25 0.01
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3.4.1 MAXIMUM CHLORIDE CONCENTRATION

Table 3-3 presents the sensitivity of C___to each of the 11 factors
considered in this study (Table 3-1). The factors are sorted ac-
cording to their impact on C___in Table 3-3. The most important
factors are the Height of Chloride ion Release and the Release
Chloride Concentration. Changing the Height of Chloride ion
Release from 0.025 to 0.6 m while holding all other factors fixed
results in an average increase of maximum chloride concentra-
tion of 4,340 ppm. Changing the Release Chloride Concentration
from 10,000 to 100,000 ppm results in an average increase of
4,017 ppm in maximum chloride concentration in the well. The
absolute concentration values depend on the set up of the simula-
tion experiment. We have added the relative effects of each factor
in Table 3-3. The factors Height of Chloride ion Release and Re-
lease Chloride Concentration have relative effects of 1.00 and 0.93
respectively, much higher than of any other factor. The predicted
difference in C___due to the difference in Release Chloride Con-
centration is 93% of predicted difference for the Height of Chlo-
ride ion Release. The predicted difference in C__ for the two
climate’s indices, however, was only 27% of predicted difference
for the Height of Chloride ion Release. As Table 3-3 shows, Initial
Water Content of Soil exerts the smallest influence on the predic-
tionof C__ .

The two most important factors, Height of Chloride ion Release
and the Release Chloride Concentration, determine the Mass of
Chloride entering the soil surface during a release. If the Height
of Chloride ion Release or the Release Chloride Concentration in-
creases, the Mass of Chloride increases and consequently, the
maximum chloride concentration increases. Because the Mass of
Chloride appears to be the key factor in determining the maxi-
mum chloride concentration arriving at a down gradient moni-
toring well, we repeated the sensi-
tivity analysis using Mass of Chlo-
ride instead of Height of Chloride

chim s0il
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Figure 3-2 The effect of nine brine
release, vadose zone, and aquifer
factors

qaq cin thide cimass

ion Release and Release Chloride
Concentration. We eliminated the
Initial Water Content of Soil in the
second sensitivity analysis since this
factor has very little impact on
C
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The results of the second analysis o 4

are presented in Table 3-4 and in
Figure 3-2. The mean chloride con-
centration of all 256 scenarios with
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Table 3-4. Main effects and important
interactions of the vadose zone, aquifer,
and brine release factors on the
maximum chloride concentration
arriving at the monitoring well C, _and

Mass of Chloride 250 g/m? is 89 ppm and that of all 256 scenarios
with Mass of Chloride 60,000 g/m? is 8,446 ppm (See Figure 3-
2). The difference between these two values is 8,357 ppm, which
is the predicted sensitivity of the maximum chloride concentra-

tion for an increase of factors fixed.

The Thickness of

the time of arrival of the maximum
concentration T,

Aquifer also has a |Factor Effect on Cy Effect on T
large impact with ppm | Relative Effect | Years | Relative Effect
a sensitivity of [MainEffects
5,632 ppm for a Chloride Mass 8357 1 52 0.46
change from 3 to Aquifer Thickness 5632 0.67 5 0.04
Soil 3560 0.43 106 0.93
30 m. All other Aquifer Flux 3525 0.42 7 0.06
factors are less Dispersion Length 2699 0.32 11 0.06
important. For [Climate 2099 0.25 114 1
comparison, we |Ground Water Depth 1826 0.22 104 0.91
have determined [|Volume of Brine Release 1631 0.2 o o
the relative im- [|Ambient Cl Concentration 82 0.01 44 0.39
acts of each fac- Interaction Effects
for by dividing Chloride Mass x Aquifer Thickness 5573 0.67
Chloride Mass x Soil 3519 0.42
?aCh affect by the Chloride Mass x Aquifer Flux 3509 0.42
influence of the Aquifer Thickness x Aquifer Flux 2529 0.3
Mass of Chloride [Aquifer Thickness x Soil 2509 0.3
(Table 3-4). The |Soil x Aquifer Flux 1223 0.15
most important S(l)il x Climate . . 98 0.86
Climate x Depth Ground Water 95 0.83
factors Mass of Soil x Depth Ground Water 90 0.79

Chloride and
Thickness of
Aquifer with relative affects of 1.00 and 0.67, respectively. The
factors Soil, Aquifer Flux, and Dispersion Length have relative
affects of 0.43, 0.42, and 0.32, respectively. The factors Climate,
Ground Water Depth, and Volume of Chloride ion Release have
much less impact with relative affects of 0.25, 0.22, and 0.20.
Ambient Chloride Concentration (Relative effect 0.01) has virtu-
ally no effect.

We know that the predicted maximum and minimum values of
C... for a factor of interest can depend on the values of other
factors. Where this is the case, the two factors are said to interact.
An Analysis of Variance revealed that six interactions affect the

tmeeedmum chloride concentration. These are the interactions be-

Chloride Mass and Thickness of Aquifer,
Chloride Mass and Vadose zone texture,
Chloride Mass and Aquifer Flux,




Thickness of Aquifer and Aquifer Flux,
Thickness of Aquifer and Vadose zone texture, and
Vadose Zone Texture and Aquifer Flux.

Table 3-4 shows the relative importance of each interaction and
the interactions are presented in Figure 3-3. As shown in Figure
3-3, if Mass of Chloride increases from 250 to 60,000 g/m? above
an aquifer with a thickness of 3 m, the maximum chloride con-
centration at the well increases from 118 to 14,501 ppm. The
same increase of Mass of Chloride occurring above an aquifer
with a thickness of 30 m causes only a modest chloride increase
from 60 to 2,757 ppm. In

a sandy vadose zone, C__ N
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downgradient monitoring well.

P
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Figure 3-3. Interaction effects between
the factors soil, flux in aquifer, thickness
of aquifer, and chloride load on the
maximum chloride concentration in a

&

o o
increases from 110 to
11,985 ppm in response to » Sand
the different chloride loads T
to the ground surface.

ol

® Clay

However, different chlo-
ride ion releases to a clay
result in smaller differ-
ences, 68 to 4,906 ppm,

qaq

201

but fall within the range
of responses in a sandy
zone.

thick
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+ 5000

The implication of the re-
sults of our sensitivity
analysis is that determina-
tion of Mass of Chloride

cIrnass

per unit surface area and

Thickness of Aquifer is critical for the evaluation of ground water
impairment. Knowledge of Vadose Zone Texture Conditions,
Aquifer Flux, Dispersion length, Climate, Ground Water Depth,
and Volume of Chloride ion Release can provide useful additional
information, while ambient Chloride Concentration and Initial
Water Content of Soil provide little relevant information.

The results of the sensitivity analysis cannot be used to directly
evaluate field sites because they are based on the average change
of maximum chloride concentration. For each factor, the maxi-
mum chloride concentration exhibits a wide range of values as is
shown in Table 3-5.
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CRIE L




R.T. Hicks ConsuLTANTS, LD,

Table 3-5. Statistics of maximum chloride concentrations (ppm) determined
in the sensitivity analysis.

Main Effect Level Mean | Minimum | Maximum

Mass of Chloride 250 g/m2 89 o 303
60,000 g/m2 | 8,446 0 46,633
Thickness of Aquifer 30m 1,429 0 15,354
3m 7,195 0 46,633
Soil Clay 2,487 0 37,233
Sand 6,047 2 46,633
Aquifer Flux 0.05 m/day 2,505 0 29,779
0.001 m/day | 6,030 0 46,633
Climate Arid 3,218 4] 44,372
Humid 5,317 0 46,633
Ground Water Depth 30m 3,354 0 40,758
3m 5,181 0 46,633
Volume of Brine Release 100 barrels 3,452 0] 41,603
10,000 barrels | 5,083 0 46,633
Dispersion Length 2.0m 2,018 o] 25,653
0.1m 5,617 0 46,633
Ambient Cl Concentration O ppm 4,226 o 46,593
100 ppm 4,308 0 46,633

3.4.2 ARRIVAL TIME OF MAXIMUM CHLORIDE CONCENTRATION

We present the effects of the factors on the arrival time of the
maximum chloride concentration at the well in Table 3-4. The
arrival time strongly depends on climate (relative effect of 1.0 in Figure 3-4 The effect of nine brine
Table 3-4), vadose zone texture, and depth of ground water. In |releqse, vadose zone, and aquifer
the arid climate of Lea County, New Mexico, a chloride ion re- |factors on the time when the

lease will require an additional 114 years (40,515 days) for the |maximum chloride concentration
maximum concentration to arrive at a well than a similar release larrives in a downgradient

in the humid climate of  Shreveport, Louisiana. The vadose |monitoring well.

zone texture and

ground water table ef-

fects are Of t}]e same Or- 45000 clim soil disp gwl vol qaq ¢in thidk clmass
der of magnitude (106
and 104 years respec- 35000

tively). Other factors

are less important. Fig- & 25000 .
ure 3-4 graphically dis- 8 - N
plays this same infor- = 5009

mation. Our Analysis

of Variance identified 5000

three important inter-
actions that effect the
length of time required
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for C___to reach a well:

Vadose Zone Texture and Climate,
Climate and Depth to Ground Water, and
Vadose Zone Texture and Depth to Ground Water.

The lower right section of Figure 3-5 shows that the depth to ground
water has little effect on the arrival time of C___ if the texture of
the vadose zone is sand. In a clay profile, however, the time of
arrival is very different: nearly 80,000 days (219 years). This
same relationship is expressed with the interaction between Cli-
mate and Depth to Ground Water (plotted in the upper right por-
tion of Figure 3-5). In a humid climate, the texture of the vadose
zone has little impact on the arrival time of C__. However, in the
arid Lea County, a release to a clay profile will require over 200
years longer for C__ to reach a well than the same release to a
sandy vadose zone would.

Figure 3-5. Interaction effects between the factors climate, soil,
and ground water depth on the time when the maximum chloride
concentration arrives in a down gradient monitoring well.
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Price, Wayne

From: Katie Lee [katie@rthicksconsult.com]

Sent:  Thursday, January 22, 2004 11:09 AM

To: Wayne Price

Cc: Kristen at Rice; Carolyn Haynes; Randall Hicks
Subject: Lovington Abo

Mr. Price:

Attached please find our submission of a Lovington Abo work plan. If you have any questions or any trouble with
this document, please don't hesistate to contact me.

Best regards,

Katie
R.T. Hicks Consuitants, Ltd.
505.266.5004

1/23/2004
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R. T. Hicks Consultants, Ltd.

901 Rio Grande Blvd. NW  Suite F-142 Albuquerque, NM 87109 505.266.5004 Fax: 505.266.0745

January 22, 2004

Mr. Wayne Price

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

RE: Abo 1G Leak Site: Section 1, 17S 36E Unit G

Dear Mr. Price:

Rice Operating Company retained Hicks Consultants 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 Abo 1G Discharge Site is located about 6 miles southeast of the center of Lovington,
New Mexico. Plate 1 shows the location of the site relative to Route 18, the Hobbs-
Lovington Highway. The pipeline failure released produced water with little or no
hydrocarbons.

Rice Operating Company (ROC) prepared a Release Notification report that summarizes
activities to date. Plate 2 shows the geometry of the release and the locations of soil
borings used to characterize the release. Soil boring SB2 is uphill from the spill site and
we consider this a “background” location. The soil borings within the area of the release
(#1 and #3) show a decline in chloride
concentrations from more than 1000

SB #1 Chloride Concentration v. Depth

ppm chloride to background levels 1600

(about 280 ppm) at 45 feet and 15 1400 /"
feet below land surface respectively. 1200 ~ P \
Because the water table lies about 80 1000 / \ / \
feet below land surface, this observed § s00 ¢ .

w
decrease of chloride concentrations 600 \VAV/
suggests that the release from did not 400
create saturated conditions between 200

ground surface and ground water. S —
3456 7 8 10111213 14 1520 25 30 35 40 45
Depth bgs (ft)

Figure 1 plots the chloride
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concentration v. depth for Soil Boring #1. This diagram for Soil Boring #1 shows that the
recent release is the second of two releases at or near this site. This data and that from
Soil Boring #3 demonstrate that the center of mass from the recent release is at a depth
of 4-5 feet below land surface. From 13-20 feet below land surface in Soil Boring #1, a
second center of mass exists. As stated earlier, chloride concentrations decline to
background levels from 40-45 feet in this boring. ROC confirmed that an earlier release of
about 10 barrels did occur in the past near Soil Boring #1.

We conclude that these soil boring data show no evidence of potential ground water
impairment. The chloride from the releases remains within the vadose zone. Based upon
our experience with other sites, we hypothesize that the chloride will remain in the vadose
zone for decades, centuries, or indefinitely. Previous research on the migration and fate of
chloride conducted by API suggest that any vertical migration of chloride is so slow that
ground water quality cannot be materially impacted by releases of this magnitude.
Therefore, we have restricted our proposed activities to reclamation of the surface to its
original productive capacity and performing simulation modeling to determine if the
residual chloride mass in the vadose zone poses no threat to ground water quality.

1. Evaluate Chloride Flux from the Vadose Zone to Ground Water

We propose to employ HYDRUS1D 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 employ predictions of the migration of chloride ion from
the vadose zone to ground water then select an appropriate remedy for the land surface
and underlying vadose zone. The first simulation is the "no action" alternative, which
predicts chloride flux to ground water in the absence of any action by ROC.

For this simulation, we will employ the input parameters to HYDRUS and the mixing model
outlined in Table 1. We will assume that vegetation is not present over the release site
(no evapotranspiration) and an aquifer thickness of about 35 feet, or whatever value can
be justified by examination of the literature and nearby well logs. At other sites, we have
found that chloride can be distributed throughout the thickness of the aquifer.

Table 1: Input Parameters for Simulation Modeling

Input Parameter Source

Vadose Zone Thickness — 80 feet Nearby water supply well logs (Appendix A)
Vadose Zone Texture — caliche and Nearby water supply well logs and on-site
sand borings (Appendix A)

Dispersion Length - Professional judgment

Soil Moisture - wet Professional judgment

Vadose Zone Chloride Load — 19 kg/m® | Appendix B
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Length of release perpendicular to Field Measurements (see Plate 2)
ground water flow — 100 meters

Climate Pearl, NM station (Hobbs)

Background Chloride in Ground Water | City of Lovington water system data

Ground Water Flux Calculated from regional hydraulic data

Aquifer Thickness Nearby water supply well logs (Appendix A)

2. Design Remedy and Submit Report

'ROC has completed the repair of the pipeline at the site. We do not anticipate additional

releases of produced water. Our modeling of similar sites strongly suggests that the
relatively small residual chloride loading (19 kg/m?, Appendix B) in the vadose zone poses
a threat to ground water quality. If the modeling described above suggests that 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. installation of a low permeability barrier to minimize natural infiltration,

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

3. a combination of the above potential remedies.

We will select the vadose zone remedy that offers the greatest environmental benefit
while causing the least environmental damage.

Once we determine the most appropriate vadose zone remedy, we propose to
immediately restore the soil through the addition of fresh water and, if necessary, soil
amendments to move the identified chloride mass at the 2-5 foot depth to below the root
zone (6-10 feet below land surface). If necessary, we use HYDRUS 1D to simulate this
addition of fresh water to determine if any proposed vadose zone remedy might be
affected by this soil flushing program. The protocol for the soil restoration program is
simple:

1. Sample soils to determine if amendments, such as gypsum, will be necessary to
restore soil structure and permeability.
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2. If soil amendment is required, we will gently till the surface soil without
disturbing the underlying caliche to mix the gypsum with the soil. If
amendments are not required, we will forego tilling and the resultant
disturbance of the existing soil structure.

3. Then we cover areas of the spill with black plastic to minimize evaporation and
apply fresh water to the soil beneath the plastic to flush the chloride from the
root zone. When possible, we will irrigate beneath the plastic immediately after
precipitation events or immediately before predicted precipitation events.
Conducting soil flushing in concert with precipitation events accelerates the
process and conserves water.

4. Periodically, we will obtain samples of the soil and underlying material for field
chloride analyses. When samples demonstrate that fresh water flushing has
moved the chloride to below the root zone, we will remove the plastic and
begin the process at another location at the site.

We plan to commence the HYDRUS1D simulations described above immediately. Your
approval to move forward with this work plan will speed the implementation of a surface
remedy because soil flushing is best conducted in winter when evaporation is low and
precipitation is more widespread and easier to predict.

Sincerely,
R.T. Hicks Consultants, Ltd.

il TH

Randall T. Hicks
Principal

Copy:
Rice Operating Company




