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Executive Summary

Field History

This project involves the closure of nine pits situated atop a comparatively shallow
section of the Ogallala Aquifer. Eight of the pits were used for containment of fluids in
upset conditions that were normally directed to on site storage and separation equipment.
Satellite # 4 was similarly designed for upset conditions within the Burro Pipeline
gathering system. All of the pits were constructed between 1965 and 1968. No
production fluids have been directed to the pits since before 1970.

Site Investigation

Excavation

In December of 1996, Whole Earth partially excavated the Mable COM and Iva COM
locations in an attempt to determine the vertical extent of contamination. We encountered
high hydrocarbon concentrations down to the mechanical limits of the excavation
equipment.

Coring

In January of this year, we auger drilled each location until we found either the 100 ppm
TPH concentration horizon or the water table. We were able to auger into the center of
four pits. On the remaining five, we were unable to do so due either to the presence of
fluids within the pit or to the pit geometry. In such cases we cored atop the berm wall
immediately southeast of the pit center. The location of the probe holes are noted on the
attached plat maps with an asterisk.

TPH Analysis

TPH samples were analyzed at approximate 5’ intervals and are included within the
relevant pit detail sections of this report. The samples were extracted and analyzed in
accordance with EPA Method 418.1 (modified) and Whole Earth Environmental
procedures QP-06 and QP-25 (enclosed).

Volatiles and Semi-Volatiles

Seven of the locations were cored down to the upper vadose zone and samples were
submitted to Environmental Labs of Texas for volatile and semi-volatile analysis under
EPA Methods 8240, 8270 and 3551. The results are included within the relevant pit
detail sections of this report.
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Remediation Plan

A. Sohio State “A”

This pit will be excavated to a depth sufficient to achieve TPH concentrations below 100
ppm, benzene concentrations of less than 10 ppm and total BTEX concentrations of less
than 50 ppm. The materials will be mixed and blended with additional topsoils obtained
immediately adjacent to the location and re-deposited within the excavated area at the
above cited maximum concentration levels.

B. Satellite # 4
This pit will be handled similarly to Sohio State “A” except that all free liquids and the
liner will be first transported to a licensed disposal facility.

C. Vera# 1, State NBN # 1, State NBF # 1, Bell State “A” & G.S. State #1

For these five pits, we request that the OCD consider the enclosed risk based evaluations
which demonstrate that the remaining contaminants will not pose a threat to present or
foreseeable beneficial use of fresh waters, public health and the environment.

As described in the enclosed closure protocol QP-42, we plan to excavate all surface
contaminants to a sufficient depth to achieve TPH concentrations of <10,000 ppm, and
benzene concentrations of < 10 ppm. The pit surface will then be covered with an
impermeable liner of at least 20 mils thickness preventing any vertical infiltration of
groundwater onto the remaining contaminants. To insure that the liner is not punctured
during installation, it will be “sandwiched” between two layers of fresh sand each at least
6” thick. The area above the liner will be remediated to a maximum TPH concentration
of <100 ppm and a benzene concentration of <10 ppm.

We are compelled to propose this risk based plan for two reasons. First, the caliche layer
above the table ranges from a minimum of 20’ and a maximum of 38’ in thickness. The
density of the caliche makes it particularly resistant to excavation. Similarly, the rock
morphology does not lend itself to passive remediation alternatives such as sparging.

The caliche does however prove to be an effective barrier to the vertical migration of
BTEX components as demonstrated by the laboratory analyses included within this
report. The enclosed VADSAT modeling supports the actual laboratory results in
concluding that even in remaining concentrations of 10,000 ppm TPH, the contamination
will not find its way to the water table.
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D. Mable COM & Iva COM

The laboratory results verify that contaminates within these two pits have impacted the
water table. The physical excavation of these two pits indicate that they were (in all
probability) blasted during their construction. This blasting fractured the sub-strait layers
and provided a migration path for the contamination to follow.

Again, the caliche layer prevents either the physical removal of the contaminated soils or
passive remediation through sparging. We propose to install a draw-down well in the
center of each pit and a monitoring well immediately down-gradient of the site.
Tipperary will continue to remove all free products from the table and monitor the down-
gradient concentrations until final closure may be affected.

We do not plan to install an impermeable barrier above the plume as we desire to leach
as much of the contamination as possible into the draw-down well. We will however
remediate the surface ten feet of each site to <100 ppm TPH and <10 ppm benzene to
minimize any potential run-off risk.




Sohio State “A”

Legal Description

Sohio State “A”

State Lease K2371 Unit “P”
T11S-R33E-Sec.4

660’ FSL - 1,980’ FEL

Pit Description

Sohio State “A” is described as an unlined emergency upset pit that was used in
conjunction with on-site separation and storage at the well location. The pit lies
approximately 125 feet east of the separator in a shallow depression located off of the
pad. The actual pit dimensions are 30’ X 40’ x 2’ in depth.

There is very minor surface staining and the remaining hydrocarbon fractions appear to
be heavily weathered and asphaltic in texture. There are no signs of stressed vegetation
surrounding the pit.

Pit History

The well was logged on August 29, 1967 and completed shortly thereafter. The well site
was connected to the Burro Pipeline system before 1970 eliminating any subsequent
emergency discharges into the pit.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is
33’. (See attached 7.5° & hydro-geological plat maps.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to a
TPH concentration of less than 100 ppm.

Sampling Results

On January 10, 1997, Whole Earth supervised the coring of the pit and found no
reportable hydrocarbon concentrations at a depth of between 10-15". (See attached field
sampling report.) The field tests were conducted using EPA Method 418.1 (modified) in
accordance with Whole Earth Quality Procedures QP-6 and QP-25 (enclosed).
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Closure Protocol
We propose to close Sohio State “A” in accordance with the attached Protocol QP-41.
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FROM TIPPERARY CORP. 91.29.1997 B8:38
BOR'NG LOG PAGE 1 OF 2 DATE: DRILL START:
. 540 AM
1087 DALL STOP
ATKINS ENGINEERING ASSOCIATES, INC
2904 West Socond Streot, Roswoll, New Maxico 982023158 SITE LOCATION: Caproek, Now Meaxioo
PROJECT NAME: Tipperary Corp. - Whole Earth Environmantal, ino. BORING LOCATION: N. of NM Hwy. 330
WMike Griffin Sohlo State A
Job #90484.00
™ WUMBER: 8 AUGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
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FROM TIPPERARY CORP.

BORING LOG
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Whole Earth Environmental

Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation

Date: January 10, 1997

Analyzer SN: 01152

Technician: M. Griffin
Pit Name: Sohio State “A”

Depth to Water: Unknown

Depth

10°

15

20°

30

Concentration

1,120

Depth

Concentration

Depth

Concentration

Depth

Concentration

Depth

Concentration

Note: All TPH Concentrations in parts per million (ppm)

Signature of Technician:




QP-41

Pit Remediation Protocol
Tipperary Corporation
Tatum Pit Closure Project
Sohio State “A”

1.0 Purpose
This protocol is provide a detailed outline of the steps to be employed in the
remediation and final closure of the Sohio State “A” Pit.

2.0 Scope
This protocol is site specific for the Sohio Sate “A” pit.

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

3.1 Client Review
3.1.1 Whole Earth shall meet with cognizant personnel within Tipperary to
review this protocol and make any requested modifications or alterations
prior to submittal to the State of New Mexico Oil Conservation Division.

3.1.2 Changes to this protocol will be documented and submitted for final
review by Tipperary Corporation prior to submittal to the Qil Conservation
Division.

3.2 Oil Conservation Division Review
3.2.1 Upon client approval, this procedure will be submitted to the New Mexico
Oil Conservation Division for review and comment. Recommended
changes will be reviewed by the client prior to implementation.

3.2.2 Any recommended changes effecting costs will require a revised quotation
to be issued to the client for approval prior to the commencement of any
on-site remediation activity.
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4.0 Safety
4.1 Prior to work on the site, Whele Earth shail obtain the location and phone
numbers of the nearest emergency mecical treatment facility. We will review all
safety related issues with the aporopriate Tipperary personnel, sub-contractors and
exchange phone numbers.

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

4.3 Anyene allowed on to location must be wearing sleeved shirts, steel toed boots,
and long pants. Zach vehicle must be eguipped with two way communication
capabilities.

4.4 Pricr to any excavation, the area szall be surveyed with a line finder. If lines are
discovered within the area to be excavated they shall be marked with pin flags on
either side of the line at maximum five foot intervals.

5.0 Excavation & Remediation
5.1 The site shall be excavated to a minimum depth of 10’. All excavated material
will be deposited immediately adjacent to the pit site.

5.2 The bottom of the pit and all four side walls will be tested for TPH and BTEX
concentrations using WEQP-06 and WEQP-19. Excavation will continue until
such concentrations are <100 ppm TPH, <10 ppm benzene and <50 ppm total
BTEX.

5.3 The excavated materials will be mixed and blended with additional topsoils
obtained from the area immediately adjacent to the pit until the hydrocarbon
concentrations fall below the maximum limits as described in Paragraph 5.2 of
this protocol. The remediated materials will then be replaced into the excavated
area, compacted and the surface contoured to provide for positive drainage.

6.0 Documentation & Reporting
6.1 At the conclusion of the pit remediation project, Whole Earth will prepare a
closure report to include the following information:

e A plat map of the location showing the exact location of the pit, the

. dimensions prior to excavation and the actual excavated dimensions.

e Photographs of the pit prior to excavation, at the point of maximum
excavation and after final closure
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Field Sampling Report to include the side wall and pit bottom TPH and
BTEX concentrations after excavation.

Field Sampling Report to include TPH and BTEX concentrations of all
remediated materials deposited into the pit deposited into the pit.

Daily calibration records of each testing instrument




Satellite # 4

Legal Description
Fee Lease
T11S-R33E-Sec.12
NE/SE

Pit Description

Satellite # 4 is described as a lined emergency upset pit that was used in conjunction with
on-site separation and storage. The pit lies approximately 75 feet east of the separator
within a raised berm approximately 2’ in height. The actual pit dimensions are 60° X 60’
x 8’ in depth. The pit is covered in bird netting and the liner appears intact.

There is free product within the pit however there is no evidence of surface staining
surrounding the berm. There are no signs of stressed vegetation surrounding the pit and
indeed vegetation can be found extending to the edge of the liner.

The location is surrounded in perimeter fencing consisting of four string barbed wire.

Pit History

The Satellite Station was erected in late 1967 or early 1968 as part of the Burro Pipeline
system. The pit was established to serve as an emergency discharge pit in the event of an
upset condition within the pipeline system.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is
29’. (See attached 7.5’ & hydro-geological plat maps.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.

Sampling Results

On January 10, 1997, Whole Earth supervised the coring of the pit and found no
reportable hydrocarbon concentrations to a depth of 25’°. Due to the presence of free
product within the pit, the coring was performed at the southeast corner, mid way up the
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berm. (See attached field sampling report and plat map.) The field tests were conducted

using EPA Method 418.1 (modified) in accordance with Whole Earth Quality Procedures
QP-6 and QP-25 (enclosed).

Closure Protocol
We propose to close Satellite # 4 in accordance with the attached Protocol QP-44.
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Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 10, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: Satellite # 4

Depth to Water: Unknown

Depth 10° 15 20°

28

Concentration 8 26 19

Depth

Concentration

Depth

Concentration

Depth

Concentration

Depth

Concentration

Note: All TPH Concentrations in parts per million (ppm)

Signature of Technician:




QP-44

Pit Remediation Protocol
Tipperary Corporation
Tatum Pit Closure Project
Satellite # 4

1.0 Purpose
This protocol is provide a detailed outline of the steps to be employed in the
remediation and final closure of the Tipperary Satellite # 4 Pit.

2.0 Scope
This protocol is site specific for the Satellite # 4 pit.

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

3.1 Client Review
3.1.1 Whole Earth shall meet with cognizant personnel within Tipperary to
review this protocol and make any requested modifications or alterations
prior to submittal to the State of New Mexico Oil Conservation Division.

3.1.2 Changes to this protocol will be documented and submitted for final

review by Tipperary Corporation prior to submittal to the Oil Conservation
Division.

3.2 Oil Conservation Division Review
3.2.1 Upon client approval, this procedure will be submitted to the New Mexico
Oil Conservation Division for review and comment. Recommended
changes will be reviewed by the client prior to implementation.

3.2.2 Any recommended changes effecting costs will require a revised quotation
to be issued to the client for approval prior to the commencement of any
on-site remediation activity.
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4.0 Safety
4.1 Prior to work on the site, Whole ZEarth shall obtain the location and phone
numbers of the nearest emergency mecical treatment facility. We will review all
safety related issues with the approprigte Tipperary personnel, sub-contractors and
exchange phone numbers.

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

4.3 Anyone allowed on to location must be wearing sleeved shirts, steel toed boots,
and long pants. Zack vehicle must be equipped with two way communication
capabilities.

4.4 Prior to any excevation, the area s-all be surveyed with a line finder. If lines are
discovered within the area to be excavated they shall be marked with pin flags on
either side of the line at maximum five fcot intervals.

5.0 Fluid Removal
Prior to any excavation, the pit fluids shall be removed by vacuum truck and
transported to the Gandy / Marley, Inc. Landfarm. A shipping manifest and O.C.D.
Form C-117-A shall be prepared for each load and included within the final closure
report.

6.0 Excavation & Remediation
6.1 The site shall be excavated to a minimum depth of 5°. All excavated material
will be deposited immediately adjacent to the pit site.

6.2 The bottom of the pit and all four side walls will be tested for TPH and BTEX
concentrations using WEQP-06 and WEQP-19. Excavation will continue until
such concentrations are <100 ppm TPH, <10 ppm benzene and <50 ppm total
BTEX.

63 The excavated materials will be mixed and blended with additional topsoils
obtained from the area immediately adjacent to the pit until the hydrocarbon
concentrations fall below the maximum limits as described in Paragraph 6.2 of
this protocol. The remediated materials will then be replaced into the excavated
area, compacted and the surface contoured to provide for positive drainage.

7.0 Documentation & Reporting
7.1 At the conclusion of the pit remediation project, Whole Earth will prepare a
closure report to include the following information:
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e A plat map of the location showing the exact location of the pit, the
dimensions prior to excavation and the actual excavated dimensions.

e Photographs of the pit prior to excavation, at the point of maximum
excavation and after final closure

e Field Sampling Report to include the side wall and pit bottom TPH and
BTEX concentrations after excavation.

e Field Sampling Report to include TPH and BTEX concentrations of all
remediated materials deposited into the pit deposited into the pit.

e Daily calibration records of each testing instrument
Shipping manifests and OCD Form C-117-A




Vera#1

Legal Description

State Lease K3985 - Unit “E”
T11S-R33E-Sec.32

1,980’ FNL - 810 FWL

Pit Description

Vera # 1 is described as an unlined emergency upset pit that was used in conjunction
with on-site separation and storage. The pit lies approximately 120 feet north of the
separator within a raised berm approximately 2’ in height. The actual pit dimensions are
50’ X 50’ x 3’ in depth. The pit is covered in bird netting and is surrounded by a four
strand barbed wire fence.

There 1s a minor amount of free product within the pit consisting of heavily weathered
asphaltic fractions however there is no evidence of surface staining surrounding the
berm. There are no signs of stressed vegetation surrounding the pit.

Pit History

Vera # 1was logged on October 15, 1968 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 58’
as determined on January 9, 1997. (See attached 7.5, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.

Sampling Results

On January 10, 1997, Whole Earth supervised the coring of the pit and found
hydrocarbon concentrations of less than 1,000 ppm TPH at a depth of between 10-15’.
Due to the presence of free product within the pit, the coring was performed at the
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southeast corner, mid-way up the berm. (See attached field sampling report and plat
map.) The field tests were conducted using EPA Method 418.1 (modified) in accordance
with Whole Earth Quality Procedures QP-6 and QP-25 (enclosed).

Core samples obtained from the upper vadose zone of the aquifer revealed no detectable
concentrations of volatile or semi-volatile compounds. (See attached Environmental Labs
of Texas analytical reports.)

Closure Protocol
We propose to close Vera # 1 in accordance with the attached Protocol QP-42.
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FROM TIPPERARY CORP.

BORING LOG

ATKINS ENGINEERING ASSOCIATES, INC

2004 Waat Bacond Birest, Roawsll, New Mexloo £8202 3158

PROJECT NAME: Tipporary Corp. - Whole Earth Environmental. inc.

81.

29.1997
PAGE 1 OF 2

88:36

DATE:

1597

DRILL START:

ORAILL STOP:

P.04

825 AN
1230 PM

SITE LOCATION: Caprock, Now Moxloo

BORING LOCATION: . of NM Hwy. 380

124

Calicho, Gray, Hard, Dry

Calicho w/Sihy Clay, Tan, Hard, Dry

Silry Clay w/Caliche, Tan, Firm, Dry

Miko Griffin ~$va Com
Job #56464.00 Vevi.
TH NUMBER: [ AUGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
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Siity Cisy w/Caliche, Brown, Firm, Dry
Siity Clay w/Calloho, Tan, Flrm, Dry




FROM TIPPERARY CORP. 61

BORING LOG

ATKINS ENGINEERING ASSQCIATES, INC
£504 West Gecond Glrest, Aoowell, New Mexive BBZ02-3168

PROJECT NAME: Tipparary Corp. - Whola Earth Environmental. Ino.

.29.1997 B88:36

PAGE 2 OF 2 DATE:
t-9-97

DRALL START:

DRLL 5TOP;

P.85

B:AS AM
120 PM

SITE LOCATION: Caprosk, Now Maxioo

BORING LOCATION: S. of NM Hwy. 380

STRATUM  DESCHIPTION
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Job #96484.00 Vera
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Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 10, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: Vera # 1

Depth to Water: 58’

Depth 10° 15 200 30’ 35

Concentration 156 93 127 549 748

Depth 50
. Concentration 418

" Depth

Concentration

Depth

Concentration

‘Depth

Concentration

Note: All TPH Concentrations in parts per million (ppm)

. Signature of Technician:




ENVIRONMENTAL

LAB oF {\kr,\

"Don't Treat Your Soil Like Dirt]"

Receiving Date: 0110/97

Sample Typa: SOIL

Project : TATUM PIT SAMPLING
Project Location: WEST OF TATUM NM
Field Cade: VERA #1

Inc. ﬁ H@

§W}4

WHOLE EARTH FNVIRONMENTAL
ATTN: MR MIKE GRIFFIN

18606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-354-4358

Analysis Date: 01/19/97
Sampling Date: 01/09/97
Sample Condition: Intac¥lced

ELT# 9910 SAMPLE
REPORTING Concentration
8270 COMPOUNDS LMY opm_ __©&¢ RPD % EA %A
N-Nitrosodimethylamine 0.01 ND
2-Ficnline 0.0 ND
Methyl methanesulfanate 0.01 ND
Ethyl methanesulfonate 001 ND
Phenol 0.01 ND o1 n 84 95
Aniline 0.05 ND
bis(2-Chloroathyl)ether 0.05 ND
2-Chlorophenol 0.05 ND 8 74
1.3-Dichlorohenzene 0.01 ND
1.4-Dichlarabanzena 0.01 ND 84 10 73 83
Benzyt alchshol 0.05 ND
1.2-Dichlorobenzene 0.0 ND
2-Methylphenol 0.01 ND
bis{2-Chloroisoprapyl)ether 0.05 ND
4-Meihyiphenol/3-Methylphenol 0.01 ND
Acetophenone 0.05 ND
n-Nitrosodi-n-propylamine 0.01 ND 5 79
Hexachloroethane 001 ND
Nitrobenzens 0.01 ND
N-Nirosopiperidine 0.05 ND
Isopharone 0.05 ND
2-Nitrapheno! 0.05 ND 93 84
2.4-Dimethylphencl 0.05 ND
bis(2-Chloroethoxy)methane o.M ND
Benzoic acid 0.1 ND
2.4 Dichloropheno! 0.05 NP 87 06
1.2.4-Trichlorobenzene 0.01 ND 9 79
a,a Dimethylphenethylamine 0.1 ND
Naphthalene 0.01 ND
4-Chloroaniline 008 ND
2,6-Dichlorophenno! 0.05 ND
Hevachlorobutadione 0.01 ND 95 97
N-Nitroso-di-n-butylamine 005 ND
4-Chloro-3-methytphenol 0.05 ND 97 i2 81 93

12600 West I-20 East « Odessa, Texas 79765 » (915) 563 1800 » Fax (915) 563-1713




ELT# 8910 SAMPLE Fays20r3
Reporting | Concentration

8270 COMPOUNDS Limits _ ppm Qe RPD wEA YolA

2-Methyinaphthalene 0.01 ND

1.2,45-Tetrachforobanzena 0.01 ND

Hexachlorocyciopentadians 0.01 ND

2.4,6-Trichiorophenel 0.05 ND 88 84

2.4.5-Trichlorophenol 0.05 ND

2-Chloronaphthalens 0.01 ND

1,-Chioronaphthalens 0.01 ND

2-Nitroaniline 0.05 ND

Dimethylphthalate 0.01 ND

Acenaphthylene 0.01 ND

28-Dinitrotoluena 0.01 ND

3-Nitroaniline 0.05 ND

Acenaphthens 0.01 ND 97 3 a1 92

2.4 Dinirophenat 0.05 ND

Dibenzofyran 0.05 ND

Pentachlorobenzene 0.01 ND

4-Nitraphenol 0.05 ND 4 a0

1-Napthylamine 0.05 ND

2 4-Dinitretoluene 0.01 ND 6 78

2-Napthylamine 0.05 ND

2.3.4.6-Tetrachlaraphans! 00s ND

Fluorene 0.01 ND

Diethylphthalate 0.0t ND

4-Chiorophenyl-phenylether Q.01 ND

4-Nitroaniline 005 NOD

4.6-Diniro-2-methylphenol 0.01 ND

n-Nitrosodipenlamine & Diphenylar 0.0 ND 83 a0

Diphenylhydrazine 0.05 ND

4-Bromophenyl-phenylether 0.01 ND

Phenacetin 0.05 ND

Hexachlorobanzene [1 X0} | ND

A-Aminobiphenyl 0.05 ND

Pentachlorophenol 0.0s ND 89 6 79 gs

Pentachloronitrohanzane 0.08 ND

Fronamide 0.01 ND

Phenanthrene 0.01 ND

Anthracene 0.01 ND

Di-n-hutyiphthalate 0.01 ND

Fluoranthene 0.0 ND 82 85

Benzidine 01 ND

Pyrens 001 ND 8 88

p-Dimeiliytaminoazobenzene LX) ND

Butylbenzyiphthalate .01 ND




MaukefP 4.0

Michael R, Fowier

Page30i3
ELT# 8910 SAMPLE
Reporting | Concentration
8270 COMPOUNDS Limits ppm Qe RF) %EA %IA
Di-n- octiphthalate 0.0 ND 89 92
Benzo[bjfiuoranthene 0.01 ND
7.12-Dimethylbenz{a)anthracene 0.01 ND
Benzolklftuoranthene 0.01 ND
Benzo (a) pyrena 0.01 ND - ] o1
3-Methylcholanthrene 0.01 ND
Dibenzo (a.j) acridine 0.01 ND
Indeno {1.2,3-cd] pyrene 0.1 ND
Dibenz [ah] anthracene 0.01 ND
Benzo [g.h.l) pandena 0.01 ND
METHOD: EPA SW 845-8270, 8551
SURROCATES % RECOVERY
2-Fluorophenal SURR 87
Fhenol«i6 SURR 79
Nitrobenzene-d3 SURR 92
2-Fluorobiphenyl SURR 96
2.4 8-Tribromophenol SURR 82
Terphenyl-d14 SURR N

=279 7

Date
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WHOLE EARTH ENVIRONMENTAL S
ATTN: MR. MIKE GRIFFIN

196806 SAN GABRIEL
HOUSTON, TEXAS 77084
FAX: 800-854-4358

Receiving Date: 01/10/97 Analysis Date: 01/22/97
Reporting Date: 01/23/97 Sampling Date: 01/09/07
Froject Name: TATUM PIT SAMPLING Sample Type: SOIL
Project Location: WEST O TATUM, NM Sample Condition: C&d
Field Code: YERA #1
Volatiles EPA SW 848-8240, (ppm) CLT#H PQL YA Method % EA
Compounds 9910 Blank
Chloromethane ND 0.1 110 NO
Vinyl chloride ND 0.1 101 ND
Bromomethane ND 0.1 100 ND
Chloroethane ND 0.1 105 ND
Trichiorofluoromethane ND 0.1 102 ND
Acetona ND 0.1 100 ND
1.1-Dichloroethane ND 0.1 95 ND 69
lodomethane ND 1.0 a2 ND
Vinyl Acetate ND 1.0 107 ND

. Carbon Disuffide ND 0.1 100 ND
Meatiwtene Chlotide ND 01 110 ND
trans-1,2-Dichlcroethens ND 0.1 98 ND
1.1-Dichloroethane ND ~ 0.1 102 ND
2-Butanone 3851 —- 1.0 108 ND
Chloroform ND 0.1 106 ND
1.1.1-Trichloroethane ND 0.1 g1 ND
Carbon Tetrachlaride ND 0.1 94 ND
Benzane ND 0.1 86 ND 110
1.2 Dichlorosthana ND 01 97 ND
Trichlorvathane ND 01 83 ND 108
1.2-Dichloroprapane ND 0.1 a5 ND
Dibromomathana ND 01 115 ND

* Bromochicromethane ND 0.1 124 ND

2-Chloroethyl Vinyl ether ND 10 123 ND
4 Mcthyl 2-Pentancne ND 10 120 ND
cis 1,3 Dichloropropene ND 01 105 ND
Toluene ND 01 98 ND 118
trans 1.3-Dichloropropans ND 01 84 NI
1,1,2-Trichloroethane ND 0.1 98 ND
Dibromochloromethane ND 0.1 105 ND
Tetrachlorocthene ND 0o 107 ND
Chlorobenzene ND Q.1 98 ND 107

. 12600 West [-20 East » Odessa, Texas 79765 « (915) 563-1800 « Fax {915) 563-1713




WHOLE EARTH ENVIRONMENTAL
ATTN: MR, MIKE GRIFFIN
1968068 SAN GABRIEL
HOUSTON, TEXAS 77084
FAX: 800-854-4350
Raceiving Date: 01/10/97
Reporting Date; 01/23/97
Froject Name: TATUM PIT SAMPLING
Project Location: WEST OF TATUM, NM
Field Cade: VERA #1

Paga2af2

Analysis Date: 01/22/97
Sampling Date: 01/09/97
Sample Type: SOIL
Sample Condition: C&t

Volatiles EPA SW 846-8240, (ppm} ELT# PQL % 1A Method % EA
Cumpounds 2910 Blank
Ethylbenzene ND 0.1 89 ND
mé&p Xylene ND 0.1 87 ND
o-Xyiena ND 0.1 80 ND
Styrene ND 01 85 ND
Dromoform ND 0.1 1na ND
11,2 2 Tetrachloroethane ND 0.1 87 ND
1.23-Trichloropropane ND 0.1 108 ND
SYSTEM MONITORING COMFOUNDS % RECOVERY
Dibromeafluaromethane of
Toluene-d8 100
4-Bromotluorobenzene 65
ND=<PQL %

//Mz/{/ «u«é f-2 PP

Michael R. Fowler Date




Modeling Data Entry

Vera # 1

L -Control Data Entry Uu/m |
Deterministic Yes
Monte Carlo No
Evaporation No
Biodecay No
Low Permeability Layer Below Contamination No

- .Source Data
Waste Zone Thickness 438|f.
Waste Zone Area 2,500]sq. ft.
Ratio of Length to Width 1
Soil Thickness above Waste Zone 10|ft.
Contaminant Concentration in Soil / Waste Zone 10|ppm
Hydrocarbon Concentration in Soil / Waste Zone 10,000|ppm

. Chemical Data
Benzene Yes|

Unsaturated Zone

Biodecay Cooefficient 0
Organic Carbon Fraction 0
Soil Database Clay
Hydrological Database Sedimentary
Unsaturated Zone Thickness 1|meter
Soil Database Clay
van Genuchten n 1.09|(Default)
Residual Water Content 0.01001
Unsaturated Zone Dispersivity O|internally

: Saturated Zone
Biodecay Cooefficient 0
Aquifer Porosity 0.2 (Default)
Organic Carbon Fraction 0
Longitudinal Dispersivity O|internally
Ratio of Long. / Trans. Dispersivities 3
Ratio of Trans. / Vert. Dispersivities 3
Hydrological Database Sedimentary
Aquifer Thickness 60|ft.
Aquifer Gradient 0.00357
Saturated Hydraulic Conductivity 0.0986|ft / day

[ 0.00001{ft/day |

. [Net Infiltration Rate
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State NBN # 1

Legal Description

State Lease K2654 - Unit “N”, (Oil & Gas # E2654)
T11S-R33E-Sec.16

660’ FSL - 1,982.5 FWL

Pit Description

State NBN # 1 is described as an unlined emergency upset pit that was used in
conjunction with on-site separation and storage. The pit lies approximately 50 feet north
of the separator in with a raised berm approximately 2’ in height. The actual pit
dimensions are 50° X 60’ x 3’ in depth. The pit is covered in bird netting and is
surrounded by a four strand barbed wire fence.

There is a minor amount of free product within the pit consisting of heavily weathered
asphaltic fractions however there is no evidence of surface staining surrounding the
berm. There are no signs of stressed vegetation surrounding the pit. (See attached
photograph.)

Pit History

State NBN # 1 was logged in March 1965 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 63’
as determined on January 8, 1997. (See attached 7.5’, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.




Page 2

Sampling Results

On January 10, 1997, Whole Earth supervised the coring of the pit and found
hydrocarbon concentrations of less than 10,000 ppm TPH at a depth of between 10-15’.
Due to the presence of free product within the pit, the coring was performed at the
southeast corner, mid-way up the berm. (See attached field sampling report and plat
map.) The field tests were conducted using EPA Method 418.1 (modified) in accordance
with Whole Earth Quality Procedures QP-6 and QP-25 (enclosed).

Core samples obtained from the upper vadose zone of the aquifer revealed no detectable
concentrations of volatile or semi-volatile compounds. (See attached Environmental Labs
of Texas analytical reports.)

Closure Protocol
We propose to close State NBN # 1 in accordance with the attached Protocol QP-42.
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FROM TIPPERARY CORP. 01.29.1997 ©88:35 P.B82
Bonl NG LOG PAGE 1 OF 2 DATYE: PRILL START:
2:50 PM
{807 DRAL 3TOP:
ATKINS ENGINEERING ASSQCIATES, INC 4300
2004 Woet Sooond Straal, Roswoll, Now Moxloo 88203-2168 SITE LOCATION: Caprock, Now Moaxleo
PROJECT NAME: Tipparary Corp. - Whole Earth Environmental, tno. BORING LOCATION: S, of NM Hwy. 380
Milm Griffin NBM #1
Job #80464.00
™ HOMBER 4 AUGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
P — - _ DHRILLED BY: LOGGED BY: - E @ o @
£ F|5|E :ER| |2 | L
& ATETES ERCINEEDTEC Mort Batas g § E <
ASSOCIATES, Inc. 8 g ] |
STRATIM  DESCRIPTION .
Siity Clay w/Callohe, Brown, Firm, Damp
i ity Glay w/Cali-liv, Gruy, Flsrny, Dauup
— | —————|
Silty Clay, Gray-Green, Firm, Dry
e
-25——
- : Slity Clay w/Caliciny Qray-Grewn, Firm, Dry
Silty Clay w/Caliche, Gray/Tan, Flrm , Dry

g




BORING LOG

ATKINS ENGINEERING ASSOCIATES, INC
2004 Weat Sacand Etrest, Roeawell, New Mexico 882023156

PROJECT NAME: Tipperary Corp. - Wholo Earth Environmental. Inc.

81

.29.1997 0@8:36 P.83

PAGE 2 OF 2 DATE: DAILL START:
250 PM

1-897 DRILL $TOP:
420 PM

SITE LOCATION: Caprock, New Mexleo

BORING LOCATION: S. of NM Hwy. 380

Mike Griffin NBN #
Job #96463.00
™ NUMBER: 4 AUGER TYPE: CASING CLEVATION:
HOLLOW STEM N/A
DRILLED BY: LOGGED BY:
5 ¥ ggle |1
g &b g B NN ;. §
ATKINS UNCYNERRTEC Mort Batoe ﬁ g n o
ASSOCTATRS, Ine. 8 & o q

STRATUM  DESCRIPTION

jmin]
o {w]

=
BEEEIEI

dtllllI

Sty Sandy Clay, Tan, Laocae, Malat

 TD = 256 18,

111

Silty Sandy Clay, Tan, Soft, Saturated

Slity Clay w/Caliche, Gray/Tan, Firm, Dry (Cont'd)

Siity S8andy Clay w/Caliche, Tan, Flrm, Damp

@E Caliche w/Silty Sandy Clay, Tan, Hard, Dey




Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 10, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: State NBN # 1

Depth to Water: 63°

Depth

5,

10°

15

25

35

Concentration

5,680

5,330

9,320

8,990

5,660

Depth

40’

50°

Concentration

5,720

2,320

" Depth

Concentration

‘Depth.

Concentration

. Depth

Concentration

Note: All TPH Concentrations in parts per million (ppm)

Signature of Technician:
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WHOLE EARTH ENVIRONMENTAL

» ATTN: MR. MIKE GRIFFIN
18606 SAN GABRIEL -
HOUSTON, TEXAS 77084
FAX: 800-854-4358 —
Receiving Date: 01/10/97 Analysis Date; 01/19/97
Sample Type: SOIL ‘ Sampling Date: 01/08/97
Project : TATUM PIT SAMPLING Sample Condition: intactlcad
Project Location: WEST OF TATUM, NM
‘ Fiald Code: STATE NBN #1
| ELT# 9911 : SAMPLE
‘ REPORTING Concentration .
8270 COMPOUNDS LIMIT ppm QC RPD % EA %A
N-Nitrosadimethylamine 0.01 ND
: 2-Picgline 001 ND
Methyl methanesulfonate 0.0t ND
Ethyl methanesulfonate 0.01 ND
Phenol 0. ND o1 1 84 05
Aniline 005 ND
bis(2-Chlaroethyl)elher 0.05 ND
2-Chloropheno! 0.05 ND 8 74
1.3-Dichlorcbenzena 0.01 ND
1,4-bichiorobenzenc 0.01 ND 84 10 73 o3
‘ Banzyi alchohol 0.05 ND
1,2-Dichlorobenzens 0.01 ND
2.Meathyiphanal 0.0t ND
bis(2-Chloraisopropyi)ether 0.05 ND
4-Methylphenol3-Methylphenol 0.01 ND
Acetophenona 0.08 ND
n-Nitresadi-n-propytamine 0.01 ND L i)
Hexachloroothane 0.01 ND
Nitrobenzena 0.01 ND
N-Nitrosopiperidine 0.05 ND
Isophorone 0.05 ND
2-Nitrophencol 0.05 ND 93 94
2,4-Dimethylphenol 0.05 ND
bis{2-Chloroethoxy)methane 0.01 ND
Benzoic acid 0.1 ND
2.4-Dichlarophenol 0.05 ND 87 98
1.2.4-Trichlorobenzene 0.01 ND 8 79
a.a Dimethylphenathylamine 0.1 ND
Naphthalane 0.01 ND
4-Chlcroaniline 0.05 ND
2.6-Dichlaroghenol 0.05 ND
Hexachlorobutadiane o0 ND es 97
N-Nitroso-di-n-butylamina 0.05 ND
4-Chloro-3-methyiphenol 0.05 ND 87 12 81 93

. 12600 West | 20 East « Odesaa, Texaa 79765 » (915) 563-1000 « Tax (915) 563-1713




ELT#9911 SAMPLE Page 2t3
Repatting | Concantration

8270 COMPOUNDS Limita ppm Qc YoEA YIA

2-Methylnaphthatene 0.0t ND

1.2 4.5-Tetrachiorobenzene 0.01 ND

| {exachlorocyclopentadiene 0.01 ND

24,8-Trichlaraphenol 0.05 ND 86 94

2.4.5-Trichlorophenot 0.05 ND

2-Chloranaphthalene 0.01 ND

1,-Chioronaphthalane 0.0 ND

2-Nitroaniline 005 ND

Dimethylphthalate 0.01 ND

Acenaphthylene 0.01 ND

2.8-Dinitrotoluene 0.0t ND

3-Nitroanifine 0.05 ND

Acenaphthene 0.01 ND 97 81 82

2.4-Dinftrophenc! 0.05 ND

Dibenzofuran 0.05 ND

Pentachlorobenzens 0.01 ND

A-Nitrophenol 0.05 ND 80

1-Napthylamine 0.05 ND

2.4-Dinitroteluana 0.01 ND 79

2-Napthylamine 0.05 ND

2.3,4,6-Tetrachicrophenol! 0.05 ND

Fluorene 0.01 ND

Diethylphthalate 0.01 ND

4-Chlorophenyl-phenylether 0.01 ND

4-Nitroaniline 0.05 ND

4,5-Dinitro-2-methylphenal V.Ul NU

n-Nitrosodipenlamine & Diphenylar  0.01 ND 83 80

Diphenylhydrazine 0.05 ND

4-Bromophenyl-phenylether 0.01 ND

Phanacetin 0.0 ND

Heaxachlorohanzene 0.01 ND

4-Aminobiphenyl 0.05 ND

Pentachioraphenot 0.05 ND 89 79 85

Pentachloronitrobenzane 005 ND

Pranamide 0.01 ND

Phenanthrena oM ND

Anthracene 0.01 ND

Di-n-butylphthalate 0.01 ND

Fluoranthene 0.01 ND 92 95

Benzidine 0.1 ND

Pyrana 0.01 ND 88

p-Dimethylaminocazebenzene 0.01 ND

Butylbenzylphthalate 0.01 ND

Benzo [ajanthracene 0.1 ND

3.3-Dichlorobenzidine 0.01 ND

Chrysene a0 ND

bis {2-Ethyihexyl)phthalate 0.05 ND




Page3of3

ELT# 8911 SAMPLE
L Reportting | Concentration

8270 COMPOUNDS Lirnitz _ ppm Qc RPD %EA YolA
Di-n- octiphthalate 0.0 ND 89 7]
Benzolbljfluoranthene 0.01 ND

7.12-Dimethylbenz{a)anthracene 0.0t ND

Benzolklfivoranthene 0.01 ND

Benzo [a] pyrene 0.0% ND a6 91
3-Methylcholanthrane 0.01 ND

Diben2o {a,j} acridine 0.0 ND

indeno [1.2,3-cd] pyrene 0.0t ND

Dibenz [a h} anthracene o0 ND

Benxo [g.h.if perylene 0.0% ND

METHOD: EPA SW 846-8270, 3551

SURROGATES % RECOVERY

2-Fluorophenol SURR

Phenol-d8 SURR 83

Nitrobenzene-d5 SURR 96

2-Fluorobiphenyl SURR 95

2.4,8-Tribromophenoci SURR 84

Terphenyl-d14 SURR a7

ol 0840

Michael R. Fowler

1’2749 /

Date




- ENVIRONMENTAL
® LAB oF ‘QP , INC.

"Don't Treat Your Soil Like Dirtl*

WHOLE EARTH ENVIRONMENTAL
ATTN: MR. MIKE GRIFFIN

19606 SAN CABRIEL
HOUSTON, TEXAS 77084
FAX. 800-854-4358

Racaiving Date: 01/10/97 Analysis Date: 01/22/97
Reporting Date: 01/23/97 Sampling Date: 01/09/97
Project Name: TATUM PIT SAMPLING Sample Type: SOIL
Project { ocation: WEST OF TATUM, NM Sample Condition: C&l
Fleld Code: STATE NBN #1
Volatiles EFA SW 848-8240, (ppm) ELT# PQL %A Method S4LEA
Compounds 9911 Blank
Chloromethane ND 0.1 110 ND
Vinyt chloride ND 0.1 101 ND
Bromomethane ND 01 100 ND
Chlotwethane ND 0.1 108 ND
Trichlorofluoromethane ND 0.1 102 ND
Acetona ND 0.1 100 ND
1.1-Dichlorgethane ND 0.1 85 ND &g
lodomsthane NO 10 92 ND

. Vinyl Acetate ND 1.0 107 ND
Carbon Disulfide ND 0.1 100 ND
Methylene Chiotide ND 0.1 110 ND
trans-1,2-Dichlorosthene ND 0.1 98 ND
1,1-Dichloroethane ND 0.1 102 ND
2-Butanone ND 1.0 108 ND
Chlioroform ND 0.1 108 ND
1.1,1-Trichloroethane ND 0.1 a1 ND
Garbon Tuelrachloride ND 0.1 - T:] ND
Benzene ND 01 a6 ND 110
1.2 Dichloroethane ND 0.1 97 ND
Trizhiaroathens ND 01 83 ND 108
1.2-Dichloropropane ND 0.1 95 ND
Dibromomethane ND 01 15 ND
Bromochioromethane ND 0.1 124 ND
2-Chlorgethyl Vinyl ether ND 1.0 128 ND
4-Methyl Z2-FPentanone ND 10 120 ND
cis 1,3 Dichloropropene ND 0.1 105 ND
Taoluena ND 0.1 [=15] ND 119
trans 1.3-Dichlocropropene ND 0t 89 ND
1,1,2-Trichloroethane ND 0.1 a8 ND
Dibromachlaromethana ND Q1 105 ND
Tetrachlorcethene ND DA 107 ND
Chlorobanzene ND 01 98 ND 107

. 12600 West 1-20 East » Odcssa, Toxas 79765 « (915) A3-1800 « Fax (915) 563-1713




Modeling Data Entry

State NBN # 1

_ -Control Data - Entry UIM |
Deterministic Yes
Monte Carlo No
Evaporation No
Biodecay No
Low Permeability Layer Below Contamination No

- .Source Data

Waste Zone Thickness 48|ft.
Waste Zone Area 3,000jsq. ft.
Ratio of Length to Width 0.75
Soil Thickness above Waste Zone 15|ft.
Contaminant Concentration in Soil / Waste Zone 10|ppm
Hydrocarbon Concentration in Soil / Waste Zone 10,000|ppm

. Chemical Data

‘ Benzene Yes|
N Unsaturated Zone

Biodecay Cooefficient 0
Organic Carbon Fraction 0
Soil Database Clay
Hydrological Database Sedimentary
Unsaturated Zone Thickness 1imeter
Soil Database Clay
van Genuchten n 1.09|(Default)
Residual Water Content 0.01001
Unsaturated Zone Dispersivity O|internally

: Saturated Zone
Biodecay Cooefficient 0
Aquifer Porosity 0.2{(Default)
Organic Carbon Fraction 0
Longitudinal Dispersivity O|internalily
Ratio of Long. / Trans. Dispersivities 3
Ratio of Trans. / Vert. Dispersivities 3
Hydrological Database Sedimentary
Aquifer Thickness 60|ft.
Aquifer Gradient 0.00357
Saturated Hydraulic Conductivity 0.0986{ft / day

I

0.00001|ft / day

|

. [Net Infiltration Rate
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State NBF # 1

Legal Description

State Lease - Unit “N”, (Oil & Gas # 1402)
T11S-R33E-Sec.22

1,980’ FNL - 1,980’ FWL

Pit Description

State NBF # 1 is described as an unlined emergency upset pit that was used in
conjunction with on-site separation and storage. The pit lies approximately 150 feet east
of the separator within a raised berm approximately 2’ in height. The actual pit
dimensions are 50’ X 60’ x 3’ in depth. The pit is covered in bird netting and is
surrounded by a four strand barbed wire fence.

There is a minor amount of free product within the pit consisting of heavily weathered
asphaltic fractions however there is no evidence of surface staining surrounding the
berm. There are no signs of stressed vegetation surrounding the pit.

Pit History

State NBF # 1 was logged on December S, 1965 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 43’
as determined on January 9, 1997. (See attached 7.5’, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.
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Sampling Results

On January 10, 1997, Whole Earth supervised the coring of the pit and found
hydrocarbon concentrations of less than 10,000 ppm TPH at any depth. Due to the
presence of free product within the pit, the coring was performed at the southeast corner,
mid-way up the berm. (See attached field sampling report and plat map.) The field tests
were conducted using EPA Method 418.1 (modified) in accordance with Whole Earth
Quality Procedures QP-6 and QP-25 (enclosed).

Core samples obtained from the upper vadose zone of the aquifer revealed no detectable
concentrations of volatile or semi-volatile compounds. (See attached Environmental Labs
of Texas analytical reports.)

Closure Protocol
We propose to close State NBF # 1 in accordance with the attached Protocol QP-42.
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FROM TIPPERARY CORP. 081.29.1997 ©88:37 P.B6

BOR'NG LOG ' .}PacE 1 oF 2 DATE: DRILL START:
: 1:50 PM
1097 DRIUL STOP:
ATKING ENGINEERING ASSOCIATES, INC A5 PU
2904 Wast Ssacond Etraat, Reowsll, New Moxlon 88202-31684 SITE LOCATION: Caprook, Now Mexlca
PROJECT NAME: Tipperary Corp. - Whole Earth Environmantal, Ino. . BORING LDCATION: . of NM Hwy, 380
Miks Griffin NBF #1
Joh ¥esss4.00
T RUMBER1 G AUGCR TYPL: : OASING ELEVATION:
HOLLOW STEM N/A
DRILLED BY: LOGQGED BY:
" — - c @ o K-} Ja
o ¥ 8 HT | £
& & % g, - g 8|3 3 _§
ATKIRS REGINKERING | Mort Hota a2 T ﬁ P
ASSOCIATES, Inc. 8 ﬁt-‘ 5 |

STRATUM  DESCRIPTION
Clay w/Caflohe baok fiil, Brown, Firm, Dry

Eilty Clay w/Callaha, Tan, Firm, Dry

<G

Calicho w/Sllty Clay, Tan, Hard, Dry

i

w[wlajn(a[u]n o

[mim]u @ ]a]

i)

wma]
CICACE
o] W]




FROM TIPPERARY CORP. e1.

BORING LOG

ATKINS ENGINEERING ASSQCIATES, INC

2604 Weot Second Street, Roowsll, New Mexico Ba202-3168

PROJECT NAME: Tipperary Comp. - Whole Earth Environmental, Ine,

Mike Griffin
Job g#g6d404.00

29.1997 ©88:37 P.B7

PAGE 2 OF 2 DATE: DALL START:

. 1:30 PM
1-9-97 DRAL &

INBPM

SITE LOCATION: Caprosl, Now Mexios

BORING LOCATION: S. of NM Hwy. 380
NBF #1

TH

Rumniies

g AUGER TYPE:
HOLLOW STEM N/A

CASING ELEVATION:

Cepth

{Fosl)
SPT

il

&

il

I

DRILLED BY: LOGGED BY:

ATEIHE ERCIRARTRING
ASSOCIATES, Inc.

Mort Bates

STRATUM  DESCRIPTION

Well
Construction
Delziia
PIDReading
Lab Analysis
Lab Analysls

Caliche w/Silty Clay, Tan, Hard, Dry (Cont'd)

Caliche, Gray, Hard, Dry

| Sand, Tan, Soft, Saturated
TD = 43 H.




Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 9, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: State NBF # 1

Depth to Water: 43°

Depth 10° 15 20° 30° 35

Concentration 0 3,790 2,160 510 940

~ Depth
. Concentration

‘Depth

Concentration

Depth

Concentration

Depth

Concentration

Note: All TPH Concentrations in parts per million (ppm)

. Signature of Technician:
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- ENVIRONMENTAL

LAB OF étb , INC.

“Oon't Treat Your Soif Like Dirti

Receiving Date: 01/10/97
Sampie Type: SOIL

Project: TATUM PIT SAMPUNG

Project Location: WEST OF TATUM, NM

Field Coda: STATE NBF #1
ELT# 8908

WHOLE EARTH ENVIRONMENTAL @ v

S~

ATTN: MR MIKE GRIFFIN
19608 SAN GABRIEL
HOUSTON, TEXAS 77084
FAX: 800-854-4258

Analysia Date: 01/19/97
Sampling Date: 01/09/97
Sample Condition: intact/lced

SAMFPLE

REPORTING  Concentration

8270 COMPOUNDS LIMIT ppm _Qc RPD %EA %IA
N-Nitrosodimethylamine 0.01 ND

2-Ficoline 001 ND

Mathyl methanasulfonate 0.01 ND

Ethyl methanesulfonate 0.01 ND

Phenol 0.01 ND 2:] 11 84 95
Anilina 005 ND

bis{2-Chlarosthyl)ather 0.05 ND

2-Chloropheno} D.05 ND 8 74
1,8-Dichlorobenzene 0.01 ND

1.4-Dichlorcbenzene 0.00 ND 94 10 73 83
Benzyl alchohol 0.05 ND

1.2-Dichlorobenzene Q.01 ND

2-Methyiphenol 0.01 ND

bis(2-Chiomisopropyl)ether 0.05 ND

4-Methyiphenol/3-Methyiphenot 0.01 ND

Acetophenone - 0.08 ND

n-Nitrosodi-n-propylamine 0.01 ND s 78
Hexachloroethane 0.01 ND

Nitrobenzene 0.01 ND

N-Nitrosopiperidina 0.05 ND

Isophorone 005 ND

2 Nitrophenol 0.05 ND o3 94
2.4-Dimethylphenol 0.05 ND

bis{e-Chloroethuxy)methane 0.01 ND

Benzoic acid o1 ND

2 A-Dichlorophenol 005 ND 87 98
1.2.4-Trichlorobenzene 0.01 ND 9 78

a.a Dimethylpheneathylamine 0.1 ND

Naphthalene 001 ND

4-Chloroanitine 0.05 ND

2 6-Dichlorophenot 0.05 ND

Hexachlorobutadiene o ND 95 a7
N-Niroso-di-n-butylamine 0.05 ND

A-Chinro-3-methyiphana! aos N 87 12 a1 83

12600 West I-20 kast ¢ Odessa, [exas /9765 « (915) 563-1800 » Fax (915) 563-1713




ELT# 9908 SAMPLE Pege2of3
Reparting | Concentration

R270 COMPOUNDS Umits ppm QC %UEA %IA

2-Muthylnaphthalena 0.01 ND

1.2,4,5-Tetrachlorabenzene 0.01 ND

Hexachlorocyclopantadiens 0.01 ND

2.4,6-Trichlarophenol 0.05 ND 85 94

2,4,5-Trichlorophenol 005 ND

2-Chioronaphthalene 0.0t ND

1,-Chloronaphthalene 0.0t ND

2-Nitroaniline 0.05 ND

Dimethyiphthalate .01 ND

Acenaphthylene 0.01 ND

2.8-Dinitrotoluene 0.01 ND

3-Nitroaniline 0.05 ND

Acenaphthene 0.01 ND 97 a1 g2

2 4-Dinitrophenal 0.05 ND

Dibenzofuran 0.05 ND

Pentachlorobanzenc 0.01 ND

4-Nirraphenal 0.05 ND 80

1-Napthylamine 0.05 ND

2.4-Dinitrotoluene 0.01 ND 79

2-Napthylamine 0.05 ND

2.3,4,6-Tetrachlorophenol 0.05 ND

Fluorene 0.01 ND

Diathylphthalate 0.01 ND

4-Chiorophenyl-phenylether 0.01 ND

4-Nitroaniline 0.05 ND

4.8-Dinitra-2-methylphanol 0.01 ND

n-Nitrosodipenlamine & Diphenylar  0.01 ND a3 90

Diphenythydrazine 0.05 ND

4-Bromophenyl-phenylether 0.01 ND

Phenacetin 0.05 ND

Hexachiorobenzane 0.01 ND

4-Aminobiphenyl 0.05 ND

Pentachlaropheno) 0.05 ND 89 78 a5

Pentachlaronitrobenzene 0.05 ND

Pronamide o.M ND

Phenanthrene 0.01 ND

Anthracene 0.01 ND

Di-n-butylphthalate 0.01 ND

Fluoranthana 0.01 ND a2 85

Benzidine 0.1 ND

Pyrene 0.01 ND 88

p-Dimethylaminoazobenzene 0.01 ND

Butylbenzylphthalate 0.01 ND

Benzo {alanthracena 0.01 ND

3,3-Dichiorobenzidine 0.01 ND

Chtysene 0.01 ND

bis (2-Ethylhexyl)phthalate 0.05 ND




Paga 3of3
ELT# 8908 SAMPLE
Repotting | Concentration
8270 COMPOUNDS Limitx ppm QC RRD S%EA %A
Di-n- occtiphthalate 0.01 ND 8s 82
Renzo[bflucranthenc 0.01 ND
7,12-Dimethylbenz{a)anthracene 0.01 ND
Benzofkjfiuoranthena 0.01 ND
Benzo [a] pyrene 0.01 ND 26 91
3-Methylchotanthrene 0.01 ND
Dibenzo (a,j) acridine 0.01 ND
indeno [1,2.3-cd] pyrens 0.01 ND
Dibenz fa,h] anthracene 0.01 ND
Benzo [g,h.i] petylene 0.01 ND
METHOD: EPA SW 846-8270, 3551
SURROGATES % RECOVERY
2-Flvorophenol SURN 81
Phenct-dé SURR 83
Nitrobenzene-d5 SURR 86
2-Fluorobiphenyl SURR 04
2,4 6-Tribromophenal SURR 80
Terphenyl-d14 SURR g2

Mo 2.0

Michaet R. Fowter

2797

Date




ENVIRONMENTAL
® LAB oF Qb s INc.

"Don't Treat Your Soil Like Dirt!" L '
5 wwf//
\/’9 g

WHOLE EARTH ENVIRONMENTAL

ATTN: MR. MIKE GRIFFIN

18606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358
Receiving Date: 01/10/97 Analysis Date: 01/22/97
Reporting Date: 01/23/97 Sampling Date: 01/09/37
Project Name: TATUM PIT SAMPLING Sample Type: SOIL
Project Location: WEST OF TATUM, NM Sample Condition: C&1
Fiald Coda: STATE NBF #1
Yolatiles EPA SW 846-8240, (ppm) ELT# PQL % 1A Method % FEA
Compounds 9908 Blank
Chloromethane ND 0.1 110 ND
Vinyi chlaride ND 0.1 -101 ND
Aramamathana ND 01 100 ND
Chlorcethane ND 0.1 105 ND
Trichlorcfiuoromethane ND 0.1 102 ND
Acetone ND 0.1 160 NOD
1.1-Dichioroethane ND 0.1 85 ND 69
lodomethane ND 10 92 ND

. Vinyl Acetate ND 10 107 ND

Carbon Disulfide ' ND 01 100 ND
Methylene Chloride ND 0.1 110 ND
trans-1.2-Dichloroethene ND 0.1 28 ND
1.1-Dichlaroethane ND 0.1 102 ND
2-Butanone ND t.0 108 ND
Chloraform ND 01 106 ND
1.1.1-Trichloroethane ND ) 0.1 o1 ND
Carbon Tetrachloride ND 0.1 94 ND
Benzene ND 0.1 o6 ND 110
1.2 Dichloroethane ND (o N} a7 ND
‘Trichloroethena ND 0.1 83 ND 108
1.2-Dichloropropane ND 01 85 ND
Qihromomathana ND 0.1 115 ND
Bromochloromethane ND 01 124 ND
2-Chioroethyl Viny! ether ND 1.0 128 ND
A-Mathyd 2-Pantanona ND 1.0 120 ND
cis 1.3 Dichloropropene ND 01 105 ND
Toluene ND 01 98 ND 119
trans 1.3-Dichloropropene ND 01 89 ND
1.1.2-Trichloroethane ND 0.1 a8 ND
Dibromochloromethane ND 01 105 ND
Tetrachloroethene ND 0.1 107 ND
Chiorobenzene ND 0.1 28 ND 107

‘ 12600 West )-20 East « Odessa, Texas 79765 « (915) 563-1800 « Fax (915) 563-1713




WHOLE EARTH ENVIRONMENTAL

ATTN: MR. MIKE GRIFFIN

19606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358

Receiving Date: 01/10/97

Reporting Date: 01/23/07

Project Name: TATUM PIT SAMFLING
Project Location: WEST OF TATUM, NM
Field Code: STATE NBF #1

Paga2of2

Analysis Date: 01/22/97
Sampling Date: 01/09/97
Sample Type: SOIL
Sample Condition: C&l

Volatiles EPA SW 846-8240. {pom) FlT# PQL % 1A Mathod % EA
Compaounds 2908 Blank
Ethylbenzona ND 0.1 88 ND
m&p Xylene ND 0.1 87 ND
o-Xylene ND 01 a0 ND
Styrene ND 0.1 o5 ND
Bromafarm ND 0.1 118 ND
1.1.2 2-Tetrachloroethane ND 0.3 87 ND
1.23-Trichloronropane ND 0.1 108 ND
SYSTEM MONITORING COMPOUNDS % RECOVEHY
Pibromofluoromethane 118
Toluene-d8 112
4-Bromofiuorchenzena 86
ND=<PQL
4 M 12797
Michael R Fowler Cate




Modeling Data Entry

State NBF # 1

- ; -Control Data ~ Entry UM
Deterministic Yes
Monte Carlo No
Evaporation No
Biodecay No
Low Permeability Layer Below Contamination No

- Source Data
Waste Zone Thickness 28|ft.
Waste Zone Area 3,000|sq. ft.
Ratio of Length to Width 0.75
Soil Thickness above Waste Zone 10jft.
Contaminant Concentration in Soil / Waste Zone 10|ppm
Hydrocarbon Concentration in Soil / Waste Zone 10,000{ppm

. Chemical Data

. Benzene Yes|
N Unsaturated Zone

Biodecay Cooefficient 0
Organic Carbon Fraction 0
Soil Database Clay
Hydrological Database Sedimentary
Unsaturated Zone Thickness 1|meter
Soil Database Clay
van Genuchten n 1.09](Default)
Residual Water Content 0.01001
Unsaturated Zone Dispersivity O|internally

: - Saturated Zone
Biodecay Cooefficient 0
Aquifer Porosity 0.2|(Default)
Organic Carbon Fraction 0
Longitudinal Dispersivity O|internally
Ratio of Long. / Trans. Dispersivities 3
Ratio of Trans. / Vert. Dispersivities 3
Hydrological Database Sedimentary
Aquifer Thickness 60|ft.
Aquifer Gradient 0.00357
Saturated Hydraulic Conductivity 0.0986|ft / day

‘ [Net Infiltration Rate [ 0.00001[f/day |
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Bell State “A”

Legal Description

Fee Lease - Unit “C”
T11S-R33E-Sec.21

720’ FNL - 1,980° FWL

Pit Description

Bell State “A” is described as an unlined emergency upset pit that was used in
conjunction with on-site separation and storage. The pit lies approximately 50 feet west
of the separator in with a raised berm approximately 2’ in height. The actual pit
dimensions are 50’ X 50’ x 2” in depth. The pit is covered in bird netting and is
surrounded by a four strand barbed wire fence.

There is a minor amount of free product within the pit consisting of heavily weathered
asphaltic fractions however there is no evidence of surface staining surrounding the
berm. There are no signs of stressed vegetation surrounding the pit.

Pit History

Bell State “A” was logged on July 14, 1966 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 63’
as determined on January 8, 1997. (See attached 7.5’, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.




Page 2

Sampling Results

On January 8, 1997, Whole Earth supervised the coring of the pit and found hydrocarbon
concentrations of less than 10,000 ppm TPH at a depth of between 10-20°. Due to the
presence of free product within the pit, the coring was performed at the southeast corner,
mid-way up the berm. (See attached field sampling report and plat map.) The field tests
were conducted using EPA Method 418.1 (modified) in accordance with Whole Earth
Quality Procedures QP-6 and QP-25 (enclosed). (See attached Environmental Labs of
Texas analytical reports.)

Core samples obtained from the upper vadose zone of the aquifer revealed no detectable
concentrations of volatile or semi-volatile compounds.

Closure Protocol
We propose to close Bell State “A” in accordance with the attached Protocol QP-42.




Bell "A"

Storage Storage :
Tank Tank b oo Pit

Pump Jack
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GS State #1
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Pit Separator Tank

<

Wellhead
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FROM TIPPERARY CORP.

BORING LOG

ATKINS ENGINEERING ASSQCIATES, INC

2904 Wast Second Siraat, Hoawsll, New Maxico 382023186

PROJECT NAME: Tipparary Carp. - Whele Earth Environmental, Ino.

81.29.1997 ©88:32

1 OF 3 DATE:

PAGE

1-8-97

SITE LOCATION: Caprock, Now Moxico

BORING LOCATION: §. of NM Hwy. 380

Mike Griffin Bell A
Job #606464.00
rH NUMERRS 3 AUGER TYPE: GASING ELEVATION:
HOLLOW STEM N/A
. _ | oRuLED BY: LOGGED HY: - c = - ;
g | 8 2 csn| & |E |8
A g ®
& g 8| &8 | B | &
ARETME SMCTWRARTNC | Mort Botso o = % 5
ASSOCIATES, Ine. 8 g q L
GTRAATUM  DESCRIPTION

Slity Clay W/Caliche back fill, Brown, Firm, Damp

Siity Clay w/Caliohe, Tan, Firm, Damp

Calicha, Gray, Hard, Dry
| Slity Clay & Calichs, Tan, Flrm, Dry

3




FROM TIPPERARY CORP.

BORING LOG

ATKINS ENGINEERING ASSOCIATES, INC

2904 Weaat Second Strest, Hoswell, New Mexivo B8202-2188

81.

29.1997

PAGE 2 OF 23

88:33

DATE:

1-3-97

DRUL S8TART:
DRLL $TOP:

9:50 AM

2:30 PN

SITE LOCATION; Capraok, New Moxico

STRATUM  DESCRIPTION

PROJECT NAME: Tipperary Corp. - Whols Earth Environmental, Ino. BORING LOCATION: $. of NM Hwy. 380
Mike Griffin Bell A
Job #96404.00
™ NUMBER. 3 AUGER TYPE: CASING ELEVATION:
HOWLOW STEM N/A
= = E _ DRILLED BY: LOGGED BY: = & & o 2 o
a 8 g £ 8 £ 2 B,
g8 & & 5 2| % B
ASSOCIAT®S, Inc. 8 T q o

B
LiL§
— % Caliche, Gray, Hard, Dry
——) [ Jm |
44— oo
—_— a0
OO0
Sl'lly Clay w/Callsha, Tan, Hard, Dry
—t
50—

Siity Clay & Caliche, Tan, Firm, Dry (Cont'd)




/'

BORING LOG

PROJECT NAME: Tipperary Corp. - Whole

ATKINS ENGINEERING ASSOCIATES, INC

2904 West Second Street, Roswell, New Mexico 88202-3156

Earth Environmental, Inc.

PAGE 3 OF 3 DATE:

1-8-97

DRILL START:

DRILL STOP:

9:50 AM

230 PM

SITE LOCATION: Caprock, New Mexico

BORING LOCATION: S. of NM Hwy. 380

Mike Griffin Bell A
Job #96464.00
TH NUMBER: 3 AUGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
DRILLED BY: LOGGED BY: _
s % |& 3 5§ 2|2 |%& |¢
g & |v £ 3 8] 3% 5 %
& s 81 &8 | 8| &
ATKINS ENGINEERING | Mort Bates a s 35 3
ASSOCIATES, Inc. 8 T q q
STRATUM _ DESCRIPTION

éIIIJIIHlIlIIIJHII IIITIII IIII |

Silty Sandy Clay, Tan, Loose, Molst (Cont'd)

Silty Sandy Clay, Tan, Loose, Saturated

TD = =63 ft.




Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 8, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: Bell State “A”

Depth to Water: 63°

Depth 10° 20° 25

3

‘Concentration >10,000 5,620 6,380

4,230

Depth

Concentration

‘Depth

Concentration

Depth

Concentration

. Depth

Concentration

Note: All TPH Concentrations in parts per million (ppm)

Signature of Technician:




Recsiving Date: 0110/97
Sample Type: SOIL

Project: TATUM PIT SAMPLING

ENVIRONMENTAL
LAB OF Yr\? , INC.

"Don‘t Treat Your Soil Like Dirtl

Project Location: WEST OF TATUM, NM

Field Coda: BFLL A STATE
ELT# 9912

A
0}2\) wn ﬂQAL éwﬁ?

WHOLE EARTH ENVIRONMENTAL
ATTN: MR MIKE GRIFFIN

19606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358

Analysis Date: 01/19/97

Sampling Date: 01/08/07
Sample Condition: Intact/lced

SAMPLE

REPORTING Concantration

8270 COMPOUNDS LIMIT ppm Qc RPD % EA %A
N-Nitrosodimethylamine 0.01 ND

2-Ficoline 0.0 ND

Methyl methanesulfonate o.m ND

Ethyl methanesutfonate o001 ND

Phenol 0.01 ND 81 1n 84 85
Aniline 0.05 ND

bis(2-Chloroethyl)ether 00U ND

2-Chlorophenat 005 ND 8 74
1.3-Dichlorabenzene 001 ND

1.4 Dichlarcbenzene 0.01 ND 84 10 73 83
Benzyl alchohol 0.05 ND

1.2-Dichlorobenzene 0.01 ND

2-Mathylphonol 0.01 ND

bis(2-Chloroisopropyl)ether 0.05 ND

4-Methyiphanol/3-Methylphenc! 0.01 ND

Acetophenonc 005 ND

n-Nitrosodi-n-propylamine 0.01 ND 5 79
Hexachloroethane 0.01 ND '

Nitrobenzene 0.01 ND

N-Nitrosopiperidine 0.05 ND

isophofone 0.05 ND

2-Nitrophenol 0.05 ND 3 94
2,4-Dimethylphenol 0.05 ND

bis(2-Chlargsthoxy)methane 0.0t ND

Benzoic acid 01 ND

24-Dichlarophenc! 0,05 ND 87 o8
1.24-Trichlorobenzens 0.01 ND 9 79

a.a Dimethylphenethylamine 0.1 ND

Naphthalene 0.01 ND

4-Chlcroaniline 0.05 ND

2.6-Dichlorophenol 005 ND

Hexachlarobutadiena 0.01 ND 95 14
N-Nitraso-di-n-butylamine 0.05 ND

4-Chiora-3-methyiphenol 0.05 ND a7 12 81 83

12600 Wesi 1-20 Easl » Odessa, Texas 79785 « (915) 563-1800 » Fux {915) 563-1713




El T8 9912 SAMPLE Page2ot3
Reponing | Concentration

8270 COMPOUNDS Limite ppm QC UEA AT

2-Methyinaphthalene 0.01 ND

1.2.4 5-Tetrachiorabenzene 0.0 ND

Hexachloragyciopentadiene 0.01 ND

2.4.6-Trichlorophenol 0.05 ND 86 94

24.5-Trichlorophenot 0.05 ND

2-Chloronaphthalene 0.01 ND

1.-Chloranaphthalene 00 ND

2-Nitroaniline 0,05 ND

Dimethylphthalate 0.01 ND

Acenaphthylene 001 ND

2.6-Dinitrotolyene 0.01 ND

3-Niroaniline 0.05 ND

Acenaphthene a.01 ND o7 81 92

2A-Dinitrophenol 0.05 ND

Dibenzofuran 605 ND

Pentachlorabenzene 0.01 ND

4 Nitropheno) 005 ND 80

1-Napthylamine 0.05 ND

2 A-Dinitrotoluene 0.0% ND 79

2-Napthylamine 0.05 ND

2.3.4.6-Tetrachlorophenol 0.05 ND

Fluorene Q.01 ND

Diethylphthalate 001" . ND

4 Chlorophenyl-phenylether 0.01 ND

4-Niwroaniline 0.05 ND

4,6-Dinitro-2-methytphenol 0.01 ND

n-Nitresodipenlamine & Diphenylarr  0.01 ND 93 90

Diphenythydrazine 0.05 ND

4-Bromophenyl-phenylather 0.01 ND

Phoenacetin 0.05 ND

Hexachlorobenzene 0.01 ND

4-Aminobiphenyl 0.05 ND

Pantachloropheanol 005 ND 89 79 85

Pentachioronifrobenzana 0.05 ND

Pronamide 0.01 ND

Phananthrene 0.01 ND

Anthracene 0.01 ND

Di-n-butylphthalate 0.01 ND

Fluoranthene 0.01 ND o2 85

Benzidine 0.1 ND

Pyrana 6.01 ND 88

p-Dimethylamincazabenzene 0.01 ND

Buyibenzylphthalata a0 ND

Benzo [a]anthracene 0.01 ND

3.3-Dichivrobenzidine 0.01 ND

Chrysena 0.01 ND

bis (2-Ethylhexyl)phthalate 0.05 ND




. o3
ELT# 9912 SAMPLE Pagedaid
L: Reponting | Concantration
8270 COMPOUNDS _Limits ppm ac RPD %EA %IA
Di-n- octiphthalate o.01 ND 89 a2
Benzolbfluoranthene 0.01 ND
7.12-Dimethytbenz{a)anthracene 0.01 ND
Benzo[Klfluoranthene 0.01 ND
Benrn [a] pyrene 0.01 ND 06 o1
3-Meathylzholanthrena 0.01 ND
Dibanzo (a.]) acridine 0.01 ND
indeno [1,2,8-cti] pyrene 0.01 NO
Dibenz fa.h] anthracena 0.01 ND
Benzo [g.h,i] perylene 0,01 ND
METHOD: EPA SW 846-8270, 3561
SURROGATES % RECOVERY
2-Flyarophenol SURR 83
Phencl-d6 SURR 80
Nitrobenzene-d5 SURR 9
2-Fluorobiphenyl SURR a3
2 4 8-Tribromaphencl SURR 85
Terphenyl-d14 SURR 93
1
Mmﬁ A JWQ 1-219

Michael R, Fowler

Date




ENVIRONMENTAL

LAB OF Q;\ , InC.

"Don't Treat Your Soil Like Dirtl"

WHOLE EARTH ENVIRONMENTAL
ATTN: MR. MIKE GRIFFIN

19606 SAN GABRIEL

HOUSTON. TEXAS 77084

FAX: 800-854-4358

|
3

@,\#OWL nal-

/>/ -

Raceiving Date: 01/10/37
Reporting Date: 01/23/97
Project Name: TATUM PIT SAMPLING

Project Location: WES { OF TATUM, NM

Field Code: BELL STATEA

Analysis Date: 01/22/97
Sampling Date: 01/08/97
Sample Type: SOIL
Sample Condition: C&l

P.11

o

Volatiles EPA SW 848-8240, (ppm) ELT# PGL % 1A Method % LA
Compounds 9912 Biank
Chioromethane ND 0.1 110 ND
Vinyl chioride ND 0.1 101 ND
Bromomeéthane ND 0.1 100 ND
Chloroethane ND 01 105 ND
Trichiorofluoromethane ND 041 102 ND
Acetone ND 1.0 100 ND
1,1-Dichlorethane ND 0.1 95 ND 69
lodomethana ND 1.0 92 ND

‘ Vinyl Acetate ND 1.0 107  ND
Carbon Disulfide ND’ 0.1 100 ND
Methylene Chiotide ND 01 110 ND
trans-~1.2-Dichloroethene ND 0.1 98 ND
1.1-Dichioroethane ND 0.1 102 ND
2-Butanone ND 0.01 108 ND
Chloroform ND 0.1 106 ND
1.1.1-Trichlotoethane ND 0.1 91 ND
Carbon Tetrachloride ND 0.1 84 ND
Denzene ND 01 ag ND 110
1.2 Dichlaroethana ND 0.1 g7 ND
Trichloroethena ND 0.1 83 ND 108
1.2-Dichloropropane ND 0.1 a5 ND
Dibromomethane ND 01 115 ND
Bromochioromethane ND 0.1 124 ND
2-Chlorosthyl Vinyt ether ND 1.0 123 ND
4-Methyl 2-Penlanone ND 10 120 ND
¢is 1.3 Dichloropropene ND 0.1 105 ND
Toluene ND a1 o6 ND 119
trans 1,2-Dichlomopropene ND 01 89 ND
1.1.2-Trichicroethane ND 0.1 g3 nND
Dibromochioromethane ND 0.1 105 ND
Tetrachlorcethehe ND 0.1 107 ND
Chiorobanzens ND ¢l a8 ND 107

12600 West I-20 East « Odessa, Texas 79765 « (915) 563-1800 « Fax (915) 563-1713

6 !’A"/Z/li




WHOLE EARTH ENVIRONMENTAL

Page2ot2

ATTN: MR. MIKE GRIFFIN
15606 SAN GABRIEL
HOUSTON, TEXAS 77084
FAC BOO-854-4058

Receiving Date: 01/10/97

Reparting Date: 01/23/97

Project Name: TATUM PIT SAMPLING
Praject Location: WEST OF TATUM, NM
Field Code: BELL STATE A

Analysis Date: 01/22/97
Sampling Date: 01/08/97
Sample Type: SOIL
Sample Condition: C&l

Volatiles EPA SW 846-8240, {(ppm) ELT# PQL % IA Method % EA
Compounds 9012 Blank
Ethylbenzene ND 0.3 89 ND
mép Xylene ND 0.1 a7 ND
o-Xylene ND 0.1 90 'ND
Styrena ND 0.1 85 ND
Bromclorm ND 0.1 113 ND
1.1.22-Tetrachloroathane ND Q.1 a7 ND
1.2,8-Trichloropropane ND 0.1 108 ND
SYSTEM MONITORING COMPOUNDS % RECOVERY
Dibromotiuoromethane 111
Toluene-ds 15
4-Bromofluorobenzene 88
ND=<PQL

ﬂ/dﬂ// L. p2 797

‘Michael R. Fawier Date




Modeling Data Entry

Bell State "A"

B Control Data Entry | U/M |
Deterministic Yes
Monte Carlo No
Evaporation No
Biodecay No
Low Permeability Layer Below Contamination No

u ~ Source Data
Waste Zone Thickness 13|ft.
Waste Zone Area 2,500|sq. ft.
Ratio of Length to Width 1
Soil Thickness above Waste Zone 10]ft.
Contaminant Concentration in Soil / Waste Zone 10|ppm
Hydrocarbon Concentration in Soil / Waste Zone 10,000|ppm

. . Chemical Data

’ Benzene Yes|

- ' Unsaturated Zone
Biodecay Cooefficient 0
Organic Carbon Fraction 0
Soil Database Clay
Hydrological Database Sedimentary
Unsaturated Zone Thickness 1|meter
Soil Database Clay
van Genuchten n 1.09](Default)
Residual Water Content 0.01001
Unsaturated Zone Dispersivity O|internally
- Saturated Zone
Biodecay Cooefficient 0
Aquifer Porosity 0.2|(Default)
Organic Carbon Fraction 0
Longitudinal Dispersivity O|internally
Ratio of Long. / Trans. Dispersivities 3
Ratio of Trans. / Vert. Dispersivities 3
Hydrological Database Sedimentary
Aquifer Thickness 60|ft.
Aquifer Gradient 0.00357
Saturated Hydraulic Conductivity 0.0986|ft / day

. [Net Infiltration Rate | 0.00001|ft/day |
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G.S. State # 1

Legal Description

State Lease - Unit “G”
T11S-R33E-Sec. 8
2,086’ FNL - 1,874’ FEL

Pit Description .

G.S. State # 1 is described as an unlined emergency upset pit that was used in
conjunction with on-site separation and storage. The pit lies approximately 150 feet west
of the separator with a raised berm approximately 2’ in height. The pit dimensions are
approximately 60’ X 50’ x 3’ in depth. The pit is covered in bird netting and is
surrounded by a four strand barbed wire fence.

There is a minor amount of free product within the pit consisting of heavily weathered
asphaltic fractions however there is no evidence of surface staining surrounding the
berm. There are no signs of stressed vegetation surrounding the pit.

Pit History

G.S. State # 1 was logged on November 25, 1968 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 51’
as determined on January 8, 1997. (See attached 7.5°, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of and thus must be closed to a
TPH concentration of less than 100 ppm.




Page 2

Sampling Results

On January 8, 1997, Whole Earth supervised the coring of the pit and found hydrocarbon
concentrations of less than 10,000 ppm TPH at a depth of between 15-25°. Due to the
presence of free product within the pit, the coring was performed at the southeast corner,
mid-way up the berm. (See attached field sampling report and plat map.) The field tests
were conducted using EPA Method 418.1 (modified) in accordance with Whole Earth
Quality Procedures QP-6 and QP-25 (enclosed).

Core samples obtained from the upper vadose zone of the aquifer revealed no detectable
concentrations of volatile or semi-volatile compounds. (See attached Environmental Labs
of Texas analytical reports.)

Closure Protocol
We propose to close G.S. State # 1 in accordance with the attached Protocol QP-42.




FROM TIPPERARY CORP. P1.29.1997 88:38 P.88
' BOR'NG LOG PAGE 1 OF 2 DATE: DAILL START: 4:00 PM
1-8-97/ sToP: 530 PM
1-9-97 DRILL START: 7:40 AM
ATKINS ENGINEERING ASSOCIATES, ING STOP: 84S AM
2804 Wesl Secord Suvul, Ruswell, Naw Mexico aa202-21Ga GITE LOCATION: Capraok, Now Maxloa
PROJECT NAME: Tipparary Corp. - Whole Enrth Environmantal, ino. BORING LOCATION: N. of NM Hwy. 380
Mike Griffin GS Stats #1
Job #964064.00
TH HUMBRR: 7 AUGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
- - — | oriLLED BY: LOQGED BY: = c a| @ ® @
[~ % E E E g .§ i = g 5
& ¢ & 8l B | & |
ATKIMG ENGINEERING | Mort Batss B 5 = 5
ASSOCIATRES, Inc. 8 T q 9
RTHATUM  DRGCRIPTION
Clay w/Caliche back fill, Brown, Firm, Damp
Siity Clay w/Cnliche, Gray, Firm, Damp
5.
—_— _
40—
4
20
s Siity Clay w/Callohe, Ton/Gray, Firm, Damp
Siity Sandy Clay, Tan, Firm, Damp




. B2/85/1997 13:12

363-291-8398

TIPPERARY CORP.

06—
Siity Sandy Clay, Tan, Firm, Molst
.
| Slity Sandy Clay, Tan, Loowss, Wet
1 TO=zx 1t
=

PAGE 82
PAGE 2 OF 2 DATE: DAL 8TART: 400 PM
BOH'NG LOG 1-8-97/ STOP: 5230 pM
1687 DRILL STARY: T:40 AM
ATKINS ENQINEERING ARSGCIATES, INC : 815 AM
2904 West Secand Sirast, Roswsll, New Mexico 83202-2188 SITE LOCATION: Caprock, New Maxioo
PROJECT NAME: Tipperary Corp. - Whole Earth Environmental, inc, BORING LOCATION: N. of NM Hwy. 380
Mike Griftin GS Stato #1
Job #96468.00
T8 NUMBER: 7 AUGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
.. | oRiED BY: LOGGED BY: _
SR ALEE EEIEREAE:
) e
@ | arxren sworomenee | Mort Bates ¥ « < <
ASSOCIATES, Ina. 8 2 ﬁ 8§
STAATUM  DESCRPTION
Bilty Sandy Clay, Tan, Firm, RDamp (Cont'd)




Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 10, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: G.S. State # 1

Depth to Water: 51°

Depth 15 25’ 30°

40°

4

Concentration 4,340 6,290 4,790

3,460

5,320

Depth

‘ Concentration

" Depth

Coneentration

. Depth.

Concentration

~ Depth

“Concentration

Note: All TPH Concentrations in parts per million (ppm)

‘ Signature of Technician:




ENVIRONMENTAL

LAB OF x't}

"Don't Treat Your Soil Like Dirts

, INC.

WHOLE EARTH ENVIRONMENTAI, ‘xf 'V) N )

ATTN: MR. MIKE GRIFFIN e
19606 SAN GABRIEL e
HOUSTON, TEXAS 77084 —
FAX: 800-854-4358
Receiving Date: 01/10/97 Analysls Date: 01/19/97
Sample Type: SOIL Sampling Data: 01/10/87
Project : TATUM PIT SAMPLING Sample Condition: vtact/lced
Project Location: WEST OF TATUM, NM
Field Codae: QS STATE #1
ELT# 9907 SAMPLE
REPORTIN@ Concentration
8270 COMPQUNDS LIMIT ppm QC RPD % EA %A
N-Nitresodimethylamine ao ND
2-Ficoline 0.01 ND
Methyl methanesulfonate 0.01 ND
Ethyl methanesulfonate 0.01 ND
Phenal 0.0 ND ot " 84 a5
Aniline 0.05 ND
bis{2-Chloroethyl)ether 0.05 ND
2-Chiloraphenol 0.05 ND 8 74
1,3-Dichlorobanzene 0.01 ND
1.4-Dichlorobenzene 0.01 ND 84 10 73 a3
. Benzy! aichohol 0.05 ND
1.2-Dichlorobenzene 0.01 ND
2-Maethyipheno! 0.01 ND
bis(2-Chloroisopropyljether 0.05 ND
4-Mathylphenol/3-Methylphenol 0.01 ND
Acetophenona 0.05 ND
n-Nitrosodi-n-propylamine 0.01 ND 6 L]
Hexachlarcathane 0.01 ND
Nitrobenzene 0.0 ND
N-Nitrosopiperidine 0.08 ND
isophorone 0.05 ND
2-Nitrophenot 005 ND 93 84
2.4-Dimethylphenol 0.05 ND
bis(2-Chloroethoxy)methane 0.01 ND
Benzoic acid 0.1 ND
2.4-Dichiorophenol 0.05 ND 87 9%
1.2, 4-Trichlorobenzene 0.01 ND 8 79
a.,a Dimethylphenethylamine 0.1 ND
Naphthalene .01 ND
4-Chloroaniline 0.05 ND
2,6-Dichlorophenoci 0.05 ND
Hexachiorobutadiene 0.01 ND 85 a7
N-Nitroso-di-n-butyiamine 005 ND
4-Chlore-3-methyiphanotl 0.05 ND 97 12 81 93

12600 West 1-20 East « Odessa, Texas 79765 « (915) 563-1800 » Fax (915) 563-1712




ELT# 2907 SAMPLE Fage2ai3
Reporting [ Concentratian

8270 COMPOUNDS Limies ppm ac RPD %EA %IA

2-Methyinaphthalene 0.01 ND

1,24 5-Tetrachlorobenzene 0.01 ND

Heachloroeyslopentadiene Q.01 ND

2,4.6-Trichiorophenol 0.05 ND 88 94

2.4.5-Trichforophenol 005 ND

2-Chlicronaphthalane 001 ND

1.-Chloronaphthalens 0.01 ND

2-Nitroaniline 0.05 ND

Dimethytphthalate 001 ND

Accnaphthylene .01 ND

2.6-Dinitrotolyene 0.01 ND

3-Nitroaniline 005 ND

Acenaphthene 0.0 ND o7 3 81 92

2.4-Dinitrophenal 0.05 ND

Dibenzofuran 0.05 ND

Pentachiorobenzene 0.01 ND

4-Nitmyphens! 0.05 ND 4 80

1-Napthylamina 0.05 ND

2.4-Dinitrotoluene 0.01 ND 6 79

2-Napthylamine 0.05 ND

2,3.4,8-Terrachlorophenal 0.05 ND

Fluorene a0 ND

Diethylphthalase 0.01 ND

4.-Chlorophanyl-phenylether oM ND

4-Nitroaniline 005 ND

4 6-Dinlvo-2-methyiphenol 0.01 ND

n-Nitrosndipenlaming & Diphonylar 0,01 ND 83 a0

Diphenylhydrazine 005 ND

4-Bromaphenyl-phanylether 0.01 ND

Phenacetin 0.05 ND

Hexachlorobenzene 0.01 ND

4-Aminobiphenyl 0.05 ND

Pantachlorophenal 0.05 ND 89 6 70 85

Pentachloronitrobenzane 0.05 ND

Pronamide 0.01 ND

Phenanthrene 0.01 ND

Anthracene 0.01 ND

Di-n-butylphthalate 0.01 ND

Fluoranthene 0.0t ND 92 85

Benzidine 01 ND

Pyrene o.01 ND 6 88

p-Dimethylaminoazobenzane 0.01 ND

Butytbenzylphthalate 0.01 ND

Benzo fa)anthracene 0.0t ND

3.3-Dichlorobenzidine 0.01 ND

Chrysene 0.0 ND

hia (?-Fthyihesyl)phthalate 0.05 ND




Page 3 0of 3

ELT# 9907 SAMPLE

Reporting | Concentration
8270 COMPOUNDS Limits ppm Qc YEA ALY
Di-n ectiphthalate 0.01 ND 89 52
Benzo[bjfluoranthene 0.01 ND
7.12-Dimethylbenz{a)anthracena 0.01 ND
Benzo[klfluoranthene 0.01 ND
Benzo [a] pyrene 0.01 ND 96 91
3-Methyicholanthrene 0.01 ND
Nihanzo (a.j) acridine 0.01 ND
Indeno [1.2.8-cd] pyrene 0.01 ND
Dibenz [a,h] anthracene 0.01 ND
Benzo {g.h.i] perylane o0 ND

METHOD: £PA SW 846-8270. 3551

SURROGATES % NECOVERY
2-Fluorophennl SURR 84
Phenoi-d6 SURR 81
Nitrobenzena-d5 SURR 89
2-Fluorehiphenyt SURR L]
2.4,8-Tribromophenol SURR 82
Tarphanyt-d14 SURR 23
}]-2727

Michael R Fowler Date




ENVIRONMENTAL
LAB OoF t!t;\ , INC.

"Don’t Treat Your Soll Like Dirtl”
\L« (:} j\/\/\

WHOLE EARTH ENVIRONMENTAL
ATTN: MR. MIKE GRIFFIN
19606 SAN GABRIEL
HOUSTON, TEXAS 77084
FAX: 800-854-4358
Receiving Date: 01/16/97
Reponting Date: 01/23/97
Project Name: TATUM PiT SAMPLING
Project Location; WEST OF TATUM, NM
Field Code: GS STATE #1

Analysis Date: 01/22/07
Sampling Date: 01/10/97
Sample Type: SOIL
Sample Condition: Cal

Volatiles EPA SW 846-8240, (ppm) ELT# PQL %A Method % EA
Compounds 8007 Blank
Chloromethana ND 0.1 110 ND
Vinyl chioride ND 0.1 101 ND
Bromomaethane ND 0.1 100 ND
Chlorcethane ND 0.1 105 ND
Trichlorofluoromathane ND o1 102 ND
Acetone ND 10 100 ND
1,1-Dichloroethane ND 0.1 95 ND ]
lodomathane ND 10 92 ND
Vinyl Acatate : ND 1.0 107 ND
Carbon Disulfide ND 0.1 100 ND
Methylene Chioride ND 0.1 110 ND
trans-1,2-Dichlaroethene ND 0.1 96 ND
1,1-Dichloroethane ND 0.1 102 ND
2-Butanone LS 3.268 10 108 ND
Chioroferm ND 01 108 ND
1.1,1-Trichloroethane ND 01 a1 ND
Carbon Tetrachloride ND 0.1 94 ND
Benzene ND 0.1 96 ND 110
1.2 Dichloroethane ND 0.1 97 ND
Trichlorcathene ND 0.1 83 ND 108
1.2-Dichloroptopane ND 01 95 ND
Dibromomethane ND 0.1 115 ND
Bromochloromethane ND 0.1 124 ND
2-Chiaroethyl Vinyl ether ND 1.0 123 ND
4.-Methyl 2-.Pontanone ND 10 120 ND
cis 1,3 Dichloropropene ND 0.1 105 NG
Toluene ND 01 96 ND 119
trans 1,3 Dichloropropene ND 0.1 a0 ND
1,1,2-Trichioroethane ND 0.1 a8 ND
Dibromochloromethana ND 0.4 105 ND
Telrachioethene ND 0.1 107 ND

ND 107

Chlorobenzens ND Q0.1 o8

12600 West I-20 East = Odessa, Texas 77448 » (915) 583-1800 « Fax (915) 563-1713




WHOLE EARTH ENVIRONMENTAL
ATTN: MR, MIKE GRIFFIN
18606 SAN GABRIEL
HOUSTON, TEXAS 77084
FAX: 800-854-4358
Recelving Date: 01/10/87
Repetting Data: 01/23/97
Project Name: TATUM PIT SAMPLUING
Project Location: WEST OF TATUM, NM
Field Code: GS STATE #1

Page 2of 2

Analysis Date: 01/22/97
Bampling Date: 01/10/97
Sample Type: SOIL
Sample Condition: C&l

Volatiles EPA SW 846-8240. (ppm) ELT# PQL %A Mathod % EA
Compaunds 99807 Blank
Ethyibanzona ND 0.1 89 ND
mip Xytena ND 0.1 87 ND
o-Xylena ND 0.1 a0 ND
Styrane ND 0.1 a5 ND
Bromoform ND 0.1 113 ND
1.1.2.2-Tatrachioroathane ND 0.1 87 ND
1.2.3-Trichloropropane ND 01 108 ND
SYSTEM MONITORING COMPOUNDS % RECOVERY
Dibromecfluocromethana a4
Tolueneis 104
4-Bromofluorobenzene 84
o M

W A27F T

Michael R Mowler Date




Modeling Data Entry

G.S. State # 1

f . ‘Control Data Entry U/m |

i Deterministic Yes

! Monte Carlo No

} Evaporation No
Biodecay No
Low Permeability Layer Below Contamination No

.Source Data
Waste Zone Thickness 30|ft.
Waste Zone Area 3,000{sq. ft.
Ratio of Length to Width 0.75
Soil Thickness above Waste Zone 10]ft.
Contaminant Concentration in Soil / Waste Zone 10|ppm
Hydrocarbon Concentration in Soil / Waste Zone 10,000|ppm
: Chemical Data
. Benzene Yes|
, Unsaturated Zone
Biodecay Cooefficient 0
Organic Carbon Fraction 0
Soil Database Clay
Hydrological Database Sedimentary
Unsaturated Zone Thickness 1|meter
Soil Database Clay
van Genuchten n 1.09|(Default)
Residual Water Content 0.01001
Unsaturated Zone Dispersivity 0|internally
: Saturated Zone

Biodecay Cooefficient 0
Aquifer Porosity 0.2{(Default)
Organic Carbon Fraction 0
Longitudinal Dispersivity Olinternally
Ratio of Long. / Trans. Dispersivities 3
Ratio of Trans. / Vert. Dispersivities 3
Hydrological Database Sedimentary
Aquifer Thickness 60jft.
Aquifer Gradient 0.00357
Saturated Hydraulic Conductivity 0.0986{ft / day

. [Net Infiltration Rate

0.00001[ft/day |




CONCENTRATION (MG/L)

CONCENTRATION Vo, TIME
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TOTAL MASS REMAINING (G)

MASS REMAINING VS TIME
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Mable COM # 1

Legal Description

State Lease K3905 - (Oil & Gas #5846)
T118-R33E-Sec.29

660’ FNL - 660’ FWL

Pit Description

Mable COM # 1 is described as an unlined emergency upset pit that was used in
conjunction with on-site separation and storage. The pit lies approximately 120 feet north
of the separator. There is no record of the original pit dimension

The pit was closed at some point in the past by folding the berm walls into the open
excavation. There is no record of any contracted remediation activities having occurred
at the pit site. The old pit site was recently selected for remediation on the basis of heavy
end, asphaltic contamination having seeped to the surface. There are no signs of stressed
vegetation surrounding the pit.

Pit History

Mable COM # 1was logged on May 18, 1968 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

On December 16", Whole Earth excavated to a depth of approximately 20’ and found
hydrocarbon concentrations in excess of closure standards. Further excavation was
impeded by the mechanical limits of the excavation equipment.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 68’
as determined on January 6, 1997. (See attached 7.5’, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. ’93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.
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Sampling Results

On January 6, 1997, Whole Earth supervised the coring of the pit and found hydrocarbon
concentrations in excess of closure standards for the entire distance to the upper vadose
zone. (See attached field sampling report and plat map.) The field tests were conducted
using EPA Method 418.1 (modified) in accordance with Whole Earth Quality Procedures
QP-6 and QP-25 (enclosed).

Core samples obtained from the upper vadose zone of the aquifer revealed free product
atop the water table. (See attached Environmental Labs of Texas analytical reports.)

Closure Protocol
We propose to close Mable COM # 1 in accordance with the attached Protocol QP-43.




FROM TIPPERARY CORP.

BORING LOG

ATKINS ENGINEERING ASSOCIATES, INC

2004 Waeat Sescand Strast, Rooswell, Now Mexlao B8202-3158

PRO.IE_CT NAME: Tipperary Corp, - Whole Earth Environmental, Ine.

81.29.1997 ©88:31 P.B86
PAGE 1 OF 3 DATE: DRNL START:
945 AM
89 DRILL 3TOP:
1 7 1230 PM

SITE LOCATION: Caprock, Now Mexien

BORING LOCATION: S. of NM Hwy. 380

Mike Gritfin Madle Com
Jab #96484.00
TB HUMBEX: 2 AUQER TYPE CA3ING ELEVATION:
HOLLOW STEM N/A '

—_ - DRILLED BY: LOGGED BY: = @ @
£ F|lb|8 $ £ 5|6 |8 |8
& & £ s 8| 3 m

ATKINS ENCINEERING | Mart Baton ﬁ o i g
ASSOCIATES, Inc. 8 o L] q
BTHATUM  DESCRIPTION

Silty Clay & Calloho, Brown, Firm, Dry

Sility Clay w/Callohe, Black, Firm, Dry

8lity Clay w/Callche, Gray, Firm, Damp

SiRy Clay w/Callche, Light Gray, Flem, Damp

n

| Rty Clay w/Calicho, Dark Tan, Firm, Damp

Silty Sandy Clay, Tan, Firm, Damp

LA




FROM TIPPERRARY CUORP. o1

BORING LOG

ATIONS ENGINEERING ASSOCIATES, INC
2604 Wont Sacand Strect, Roawall, Naw Maxieo $8202-3156

PROJECT NAME: Tipperary Corp. - Whale Earth Envirenmental, Ine.

.29.1997 88:32 P.@?7

PAGE 2 OF 3 DATE: DRILL S8TART:
945 AM
1-8-07 DRILL 5TOP:
1230 PM

SITE LOCATION: Caprock, New Maxinns

BORING LOCATION: S. of NM Hwy. 380

Miko Griffin Midle Com
Job #5064064.00
s HUMBER: 2 AUQGER TYPE: CASING ELEVATION:
HOLLOW STEM N/A
DRILLED BY: LOGGED BY:
£ — = [, g (=] 2 L]
B E|b| ¢ EEIRNERE
& ATETNS FECTMURRTNG | Mont Batos E g E <
ASSOCTATES, Inc. 8 o ] |

STAATUM  DESCAIPTION

Sifty Clay w/ Callohe, Dark Tan, Firm, Damp
(Cant'd)

| Bilty Sandy Clay, Tan, Flrm, Damp

e




FROM TIPPERARY CORP. 81.29.1997 88:32 P.88
BORING LOG PAGE 3 OF 23 DATE: DRILL START:
945 AM
1-8-97 DALY ATOP:
ATKINS ENGINEERING ASSOCIATES, INC 1230 PM
2004 Woat & d Etraot, R 1l, Naw Maxioo BWSIBO SITE LOCATION: Caprook, Now Maxlao
PROJECT NAME: Tipperary Corp. - Whols Earth Environmental, Inc. BORING LOCATION: 3, of NM Hwy. 380
Miko Qritfin : Midie Com
Jab #98484.00
o NUMBER: 2 AUGER TYPE: GASING ELEVATION:
HOLLOW STEM N/A
DRILLED BY: LOGGED BY:
= el = c @ o) - a8
2 g |5 2 2 w| & B 2
& ¢ g 2B 8 |z |8
ATEING EnOTRRSKIEA | Mort g o -y P
ASS0CTATRS, Inc. 8 :CIE q .|
STRATUM DESCRIPTION

™D = 388 ft,

Siky Sandy Clay, Tan, Flrm, Damp (Cont'd)

] Silty Sand, Tan, Soit, Saturated

————— et




ENVIRONMENTAL
LAB oF ‘F\;& , INC.

"Don’t Treat Your Soil Like Dirtt*

WHOLE EARTH ENVIRONMENTAL
ATTN: MR. MIKE GRIFFIN

19608 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358
Receiving Date: 01/10/97 Analysis Date: 01/19/97
Sample Type: SOIL Sampling Date: 01/06/07
Project : TATUM PIT SAMPLING Sampta Condition: Intact/lced
Project Location: WEST OF TATUM, NM
Fleid Cnda: MABLE COM
ELT#9913 SAMPLE

REPORTING Concaniration

5270 COMPOUNDS LMIT ppm Qc RPD % EA %A
N-Nitrasodimeathylamine 0.01 ND
2-Ficoline 0.01 ND
Mathyl methanasulfonate 0.01 ND
Ethyl methanasulfonate 0.01 ND
Phenol 0.01 ND 81 1" 84 ]
Aniline 005 ND
bis{2-Chloraethyl)ather 005 ND
2-Chlorophenol 0.05 NO 8 74
1.3-Dichlorobenzene 0.01 " ND
1.4-Dichlorobenzene 0.0t ND 94 10 73 a3
Benzyl atchohol .05 ND
12-Dichiorobenzene 0.01 ND
2-Methylphenol Q.01 ND
bis(2-Chicroiscpropyl)ether 0.05 ND
4-Methyiphenol/3-Methylphenol 0.01 ND
Acetophenone 0.05 ND
n-Nitrosadi-n-propylamine 0.01 ND 5 79
Hexachloraethane o0 ND
Nitrobenzene 0.0 ND
N-Nitrosopiparidine 0.05 ND
{saphorane 005 ND
2-Nitrophanol 0.05 ND o3 Y]
2.4-Dimethylphenol 0.05 ND
bis(2-Chlaraethexy)methane 0.01 ND
Benzoic acid 0.1 ND
2.4-Dichloraphenc| 0.05 ND 87 9%
1.2,4-Trichlorabenzene 0.01 ND 8 79
a.a Dimethyiphenethylamine 0.1 ND
Naphthalene 0.01 ND
4.Chioroaniline 0.05 ND
2.6-Dichlorophenol 0.05 ND
Hexachlorobutadiene 0.0 ND a3 a7
N-Nitroso-di-n-butylamine 0.05 ND
4-Chlorg-3~methylphenal 0.05 ND 97 12 a1 5]

12800 West I-20 East « Odgssa, Taxas 79765 « (915) 563-1800 » Fax (915) 563-1713

g




ELT# 9013 SAMILE Paga 20f3
Rapotting | Concentration

8270 COMPOUNDS Limits _Bpm QC RPFD %EA WA

2-Mcthylnaphthatens 0.01 ND

1,245 Tetrachlorobanzena 0.01 ND

Hexachlorocyclopentadiene 0.01 ND

2.4,8 Trichiorophenat V.05 ND 86 94

2,4,5-Trichloraphenol 0.05 ND

2-Chloronaphthalene 0.01 ND

1.-Chioronaphthalene D.01 ND

2-Nitroaniline 0.05 ND

Dimethylphthalate 0.01 ND

Acenaphthylene 0.01 ND

2 8-Dinitrotolucne Q.01 ND

3-Nitroaniline 0.05 ND

Acenaphthene 0.01 ND 97 3 81 92

2 A-Dinitraphenol 0.05 ND

Dibanzofuran 0.05 ND

Pentachlorobenzene 0. ND

4-Nitropheno} 0.05 ND 4 80

1-Napthylamine 0.05 ND

2.4-Dinitrotolyene 0.01 ND B 79

2-Napthylamine 0.05 ND

2.3.4.6-Tetrachlorophenol 0.05 ND

Fluorene 0.01 ND

Diathylphthaiate 0.01 ND

4-Chlorophanyl-phenytether 0.0 ND

4-Nitroaniline 0.06 ND

4 6-Dinitro-2-methyiphenol 001 ND

n-Nitrosodipenfamine & Diphenylanr 0.0} ND 93 90

Diphenylhydrazine 0.05 ND

4-Bromophenyl-phenylether 0.01 ND

Phenacetn 0.05 ND

Hexachiorobenzene 0.01 ND

4-Aminobiphenyl 0.03 ND

Fentachloraphenol 0.05 ND as -] 19 95

Pentachloronitrobenzene 0.05 ND

Pronamide 0.01 ND

Phenanthrene 0.01 ND

Anthracene 0.01 ND

Di-n-butyiphthalate 0.01 ND

Fluoranthene 0.01 ND Q2 a5

Benridine 0.1 ND

Pyrena 0.01 ND 6 88

p-Dimethylamincazobenrene 0.01 ND

Sutylbenzylphthalate 001 ND

Benzo fajanthracene o0 ND

3,2.Dichlorabenzidine 0.01 ND

Chrysene 0,01 ND

bis (2-Ethylhexyl)phthalate 005 ND




Page 3 of3

ELT# 9913 SAMPLE

Reporting | Concentration
270 COMPOUNDS Limits ppm QC YoEA %A
Di-n- octiphthalate 0.01 ND 89 92
Benzo{bjflucranthene 0.01 ND
7,12-Dimsthylbens{a)anthracene 0.01 ND
Benzo[i]fluoranthene 0.01 ND
Benzo [a] pyrene o.01 ND 86 81
3-Methylcholanthrene 0.01 ND
Dibenzo (a,j} acridine 0.01 ND
Indeno [1,.2,3-cd) pyrene (1 Xe]] NO
Dibenz [a.h] anthracene 0.01 ND
Benzo [g.h,i] perylene 0.0t ND
METHOD: EPA SW 846-8270, 3551
SURROGATES % RECOVERY
2-Flucraphenal SURR 88
Pheonol-ds SURR a3
Nitrobenzene-dS SURR 8
2-Flyorebiphenyl SURR 85
2.4.6-Tribromophenol SURR )
Tetphenyl-d14 SURR 93

Mdot [l

Michael R Fowler

12777

P.12




ENVIRONMENTAL

LAB OF ét} , INC.

“Don't Treat Your Soil Like Dirtl”

Receiving Date: 01/10/37
Reporting Date: 01/23/97

Project Name: TATUM PIT SAMPLING

)WL g

L

WHOLE EARTH ENVIRONMENTAL

ATTN: MR MIKE GRIFFIN
10606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358

Project Location: WEST OF TATUM, NM

Field Coda: MABLE COM

Analysis Date: 01/22/97
Sampling Data: 01/06/97
Sampla Type: SOIL.
Sample Condition: Cal

Volanies LFA SW 846-8240, (ppm) ELT# PGL % 1A Method % EA
Compounds 8913 Blank
Chioromethane ND 0.1 110 NO

Vinyl chloride ND 0.1 101 ND

Bromomathane ND 0.1 100 ND

Chioroethane ND o1 105 ND
Trichlorofluoromethane ND 01 102 ND

Acetone ND 10 100 ND
1.1-Dichlorosthans ND 0.1 a5 ND
lodomethane ND 10 92 ND

Vinyt Acetate ND 1.0 107 ND

Carbon Disulfide ND 0.1 100 ND

Methylene Chioride ND 0.1 110 ND
trans-1,2-Dichloroethene ND 0.1 o8 ND
1.1-Dichlorpethana ND 0.1 102 ND

2-Butanone ND 1.0 108 ND

Chiorolorm ND 0.1 108 ND
1.1.1-Trichloroethana ND 0.1 a1 ND

Carbon Tetrachlodde ND 0.1 94 ND

Benzene ND 0.1 96 ND 110
1.2 Dichloroethane ND 0.1 97 ND
Trichloroethene ND 0.1 83 ND 108
1.2-Dichioropropane ND 0.1 o5 ND
Dibromomethane ND 0.1 115 ND
Bromochloremethane "ND 0.1 124 ND

2-Chloroethyl Vinyt ather ND 10 123 ND

4-Methyl 2-Pentanane ND 1.0 120 ND

cis 1.3 Dichioropropene ND 01 105 ND

Toluene 23283 ,77 o1 95 ND 119
tfrans 1,3-Dichloroprapene ND 0.1 89 ND
1,1.2-Trichloroethane ND 0.1 a8 ND
Dibromochicromethana ND 01 105 ND
Tetrachioroethena ND 0.1 107 ND
Chiorobenzene ND 0.1 98 ND 107

12600 West 1-20 East « Odessa, Texas 79765 « (915) 562-1800 « Fax {915) 563-1713

o




WHOLE EARTH ENVIRONMENTAL
ATTN: MR MIKE GRIFFIN
18806 SAN GABRIEL
HOUSTON, TEXAS 77084
FAX: 800-854-4358
Receiving Date: 01/10/97
Reporting Date: 01/23/97
Project Name: TATUM PIT SAMPLING
Project Location: WEST OF TATUM, NM
Fiald Code: MABLE COM

Page2of2

Analysis Date: 01/22/97
Sampling Datae: 01/06/97
Sample Type: SOIL
Sample Condition: C&l

Yolatiles EPA SW B45-8240, (ppm) ELT# PQL % A Method % EA
Compounds 9913 Blank
Ethylbenzene 4058 0 01 83 ND
mip Xylene 21.053 - 0.1 87 ND
o-Xylene 10183 7% oa 90 ND
Styrene ND 0.1 85 ND
Bromoform ND 0.1 113 ND
1.1.2.2-Tetrachloroethane ND 0.1 a7 ND
1.2.3-Trichloropropane ND 0.1 108 ND
SYSTEM MONITORING COMMPOUNDS % RECOVERY
Dibromofluoromethane 101
Toluene-di 105

-Bromoﬂuorobenzene 105

o /Ma// Z,/% D%':? 77

Michael R Fowler
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IvaCOM #1

Legal Description

Fee Lease - Unit “H”
T11S-R33E-Sec. 20
2,130’ FNL - 660’ FEL

Pit Description

Iva COM #1 is described as an unlined emergency upset pit that was used in conjunction
with on-site separation and storage. The pit lies approximately 150 feet north of the
separator. The original pit dimensions were approximately 40’ X 50’ X 3 deep.

There are no signs of stressed vegetation surrounding the pit.

Pit History

Iva COM #1 was logged on March 26, 1968 and completed shortly thereafter. Burro
Pipeline was permitted in October of 1967 and was connected to the wellsite prior to
1970. All emergency discharges to the pit were discontinued prior to 1970.

On December 16, Whole Earth excavated to a depth of approximately 20” and found
hydrocarbon concentrations in excess of closure standards. Further excavation was
impeded by the mechanical limits of the excavation equipment.

Distance to Surface & Ground Waters

The attached plat map demonstrates that the pit is more than 1,000 ft. from a surface
water body or private domestic water source. The vertical distance to ground water is 53’
as determined on January 8, 1997. (See attached 7.5’, hydro-geological plat maps and
boring logs.)

Closure Standards

In accordance with the Oil Conservation Division Unlined Surface Impoundment Closure
Guidelines (Feb. *93) the pit has a total ranking score of >19 and thus must be closed to
a TPH concentration of less than 100 ppm.




Page 2

Sampling Results

On January 8, 1997, Whole Earth supervised the coring of the pit and found hydrocarbon
concentrations in excess of closure standards for the entire distance to the upper vadose
zone. (See attached field sampling report and plat map.) The field tests were conducted
using EPA Method 418.1 (modified) in accordance with Whole Earth Quality Procedures
QP-6 and QP-25 (enclosed).

Core samples obtained from the upper vadose zone of the aquifer revealed free product
atop the water table. (See attached Environmental Labs of Texas analytical reports.)

Closure Protocol
We propose to close IvaCOM # 1 in accordance with the attached Protocol QP-43.
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Mable COM
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Pit 9 v
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Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 6, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: Mable COM # 1

Depth to Water: 68’

~ Depth 10 ] 20° [ 30 - A
Concentration | >10,000 | >10,000 >10,000 >10,000 |  >10,000
[ Depth B T g
| —

| . | Concentration :
| Depth e

_Concentration

P ———

s Demh{ | I | ] R

| Concentration [ | | i

Note: All TPH Concentrations in parts per million (ppm)

. Signature of Technician
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SOLDIER HILL QUADRANGLE
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Whole Earth Environmental
Field Form (TPH)

Client Name: Tipperary Corporation

Project Name: Tatum Production Pit Investigation
Date: January 6, 1997

Analyzer SN: 01152

Technician: M. Griffin

Pit Name: Iva COM # 1

Depth to Water: 53°

T S (A I N N -
__(,'Oll(‘(‘lltl_‘ali(_)lli >10,000 >10,000 | >10,000 >10,000

| Depth _
| Concentration |

==

e | TP S
Concentration ! | B '

| Depth | = _
_ Concentration

| Depth | | Y T

; Concentration ‘ I ) |

Note: All TPH Concentrations in parts per million (ppm)

Signature of Technician

S0°
>10,000




FROM TIPPERARY CORP. 81.29,.1997 B8:31 P.B4
BOR'NG LOG PAGE 5 OF 2 DATE: DRILL START:
: 1-7.97/ 445 PM
1-8-97 DRRL YOE:
ATKINS ENGINEERING ASSOCIATES, INC 8:40 AM
£004 West.Geoond Street, Rosvmil, Now Maxics BE202-3158 SITE LOCATION: Caprook, Now Mexico
PROJECT NAME: Tipporary Corp. - Whole Earth Environmantal. inc. BORING LOCATION: S. of NM Hwy. 380
Mike Griffin }va Com 181
Job #98484.00
TH NUMBER: 1=A AUGER TYPE: CASING ELEVATION;
HOLLOW STEM N/A
%_ "ﬁ g — DRILLED BY: LOGGED BY: § g o E’ § E
8 1 ﬁ B [ z
ATKINS ENGINEERINC | Mort Baloe B & P 3
ASSOCIATES, Inc. 8 g q q
STRATUM  DESCRIFTION
— Drilling down Inside a 10 it pit
% Callche w/Clay, Tan, Firm, Damp
[ ]
E—— [m [ {m]
[m = [m]
e FICIEY
a0
EIEIEII
—_ falm]
|m]
Silty Clay w/Caliche, Tan, Firm, Damp
26
—_— ugﬂf Calicha w/Silty Clay, Tan, Firn, Damp
—_ [m ]|
o [ ]
[w]
] [mm]
[ |
—— [m |
m m ]
00
[m{m]
m{m]
[m]
| [m ]
—— m]als]
Silty Sandy Clay, Tan, Firm, Damp
—30




FROM TIPPERARY CORP.

BORING LOG

ATKINS ENGINEERING ASSOCIATES, INC
2904 West Second Streat, [Toawal], New Mexice 88202-3156

e1.

29.1997 88:31
PAGE 2 OF 2

DATE: DRAL S5YART:
1-7-97/
1-8-07 DRRL ETOP:

P.@85S

245 PM
a0 am |

EITE LOCATION: Caproek, Now Maxlon

D = £53 ft.

finth

[T

| Slity Sandy Clay, Tan, Looss, Saturated

| Silty Sandy Clay, Tan, Firm, Damp (Cont'd)

PROJELY NAME: Tipperary Corp. - Whole Earth Envirenmental, Inc. BORING LOCATION: S. of NM Hwy, 380
Miko Griffin iva Com 181
Jab #98484.00
TH NUMBER: 1-A AUGER TYPE: CASING ELEVAhON:
HOLLOW STEM N/A
. DRILLED BY: LOGGED BY:
£ 5|3 28558 |8
8 H &3 | % ¢
ATETNE ENCYNPRRTNC Mot Baloa ﬁ o P =
ASSOCIATER, Yoo, 8 T q o
sIgng DESCRIPTION




FROM TIPPERARY CORP. 91.29.1997 B8:38 P.83
BORING LOG PAGE 1 OF 1 DATE: DRILL START:
830 AN
1-8-87 DRILL 3TOP:
ATKING ENGINEERING ASSOCIATES, INC 6230 AM
2004 Weast Geoond Streot, Roswall, Now Mexico 38202-3158 SITE LOCATION: Caprack, New Moxioo
PROJECT NAME: Tipperary Corp. - Whoie Earth Environmental, Inc. BORING LOCATION: S. of NM Hwy. 380
Mika QGriffin tva Com 181
Job #984084.00
TH NUMBER: 1 AUGER TYPE: CASING ELEVATION:
. HOLLOW STEM N/A
& = - — DRILLED BY: LOGGED BY: g 5 @ @ - @
& F x| 8 g & 5| £ L1
8 & 3 3 2| § g
ATEINS ENCIMEERING | Mort Batos -] g ﬁ E
ASSOCIATES, InC. 8 & G 5
STRAJTUM  DESCRIFTION
Slity Clay w/Callcha, Brown, Firm, Dry
—] Silty Clay w/Callohe, Roddish-Tan, Firm, Dry
e Siity Clay, Tan, Firm, Dry
Siity Clay, Tan, Looes, Dry
ea
TD = =23 ft.
R




- ENVIRONMENTAL

LAB OF ‘b , INC.

ATTN: MR, MIKE GRIFFIN

"Dan't Treat Your Soil Like Dirt!” {H n v
WHOLE EARTH ENVIRONMENTAI vl
_

K@

[

v

Duwf//}

-

—

18606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800 864-4358
Recelving Date: 01/10/97 Analysls Dats: 01/17/37
Sample Type: SOIL : Sampling Date: 01/09/97
Project: TATUM Fi1' SAMPLING Sample Condition: Intact/iced
Project Location: WEST OF TATUM, NM
Fleld Code: VA COM
ELT# 9909 SAMPLE

AEPORTING  Concentration

£270 COMPOUNDS LT ppm oc RPD WEA % 1A
N-Nitrasodimethylamine .01 ND
2-Picoline o.M ND
Methyl methanesulfonate 0.01 ND
£thyl methanesulfonate 001 ND
Phenaol 0.01 ND 89 9 82 83
Anilina 005 ND
bis(2-Chiaraethyl)ether 0.05 ND
2-Chiorophencl Q.05 ND 11 63
1.3-Dichlorobenzene 0.01 ND
1.4-Dichlorobenzene 0.01 ND 87 8 e? N
Benzyt aichohol 005 ND
1.2-Dichlorobenzene 001 ND
2-Methyiphenol 0.01 ND
bis(2-Chicrvisupropyljether 0.05 N
4-Methylphenalf3-Methylphenol 0.0 ND
Acetophenone 005 ND
n-Nitrosadi-n-propylamine 0.01 ND 4 73
Hexachloroathane oM ND
Nitrabenzane 0.01 ND
N-Nitrosapiperidine 0.05 ND
Isophorone 0.05 ND
2-Nitrophenal 0.05 ND 89 a3
2.4-Dimathylphenol nos ND
bis(2-Chloroethoxy)methana 0.01 ND
Benzoic acid 0.1 ND
2.4-Dichleraphenol 0.08 ND B0 o1
1,2 A-Trichlorobenzene 0.01 ND 7 7
2.2 Dimethylphenathylamine 0.1 ND
Naphthalene 0.01 ND
4-Chloroaniline 005 ND
2.6-Dichlarophenol 0.05 ND
Haxachlorobutadiene oM ND 23 89
N-Nitroso-di-n-butylamine 005 ND
4-Chloro-3-methylphencl 0.05 ND 7 5 78 91

12600 Wast .20 East « Odessa, Texas 79765 « (915) 563-1800 » Fax (915) 553.1713
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ELT# 9909 SAMFLE

Reporting | Concantration
8270 COMPOQUNDS Limits ppm QC YoCA YolA
2-Methyinaphthalena 0.01 ND
1,2,4,5-Tetrachlorocbenzane 0.01 ‘ND
Hexachlorocyclopentadiene 0.01 ND
2.4,6-Trichlorophetol 0.05 ND 83 92
2 4.5-Trichlorophenol 005 ND
2-Chloronaphthalene: 0.01 ND
1,-Chloronaphthalene o0 ND
2-Nitroaniline 0.05 ND
Dimethylphthalata 0.01 ND
Acenaphthylene 0.01 ND
2 .6-Dinitrotoluena o ND
3-Nitroaniline 0.05 ND
Acenaphthene 0.01 ND 92 79 84
2.4-Dinitrcphenol 0.05 ND
Dibenzofuran 005 ND
Pantachlorobenzene 0.01 ND
4-Nitraphenol 0.05 ND 74
1-Napthylamine 005 ND
2.4-Dinltrotoluena .01 ND ”
2-Napthylamine 0.05 ND
2.3.4.6-Tetrachlorophenol 005 ND
Fluorene 0.01 ND
Diethylphthalate 001 ND
4-Chlorophenyl-phenylethar 0.01 ND
4-Nitroaniline 0.06 ND
4 6-Dinitro-2-methyiphenol 0.01 ND
n-Nirosodipeniamine & Diphenylamr  0.01 ND 91 a3
Diphanylhydrazina 0.05 ND
4-Bromophenyl-phenytether 0.01 ND
Phenacetin 0.05 ND
Hexachlorobenzene 0.01 ND
4-Aminobiphenyl 0.05 ND
Pentachlorophenc! 0.05 ND "84 78 9
Pantachloranitrobenzene 0.05 ND
Pronamide 0.01 ND
Phenanthrene 001 ND
Anthracene 0.01 ND
Di-n-butyiphthalata 0.01 ND
Fluoranthene 0.01 NOD g0 94
Benzidine 0.1 ND
Pyrene oo ND 89
p-Dimethylaminoezobenzene 0.01 ND
Butylbenzylphthalate 0.01 ND
Benza [alanthracene 0.01 ND
3,3-Dichlorcbenzidine n.o1 ND
Chrysena oo ND
bis {2-Ethylhexyl)phthalate 0.05 ND
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ELT# 9908 SAMPLE
Reporting | Coneantration
8270 COMPOUNDS Limite ppm Qc RPD %EA %IA
Di-n- octiphthalate 0.01 ND 14 a8
Benzo[bjftuoranthene 0.01 ND
7.12-Dimethylbenz{a)anthracene 0.01 ND
Benzolk[iuoranthgne 001 ND
Benzo {a] pyrene 0.0t ND a3 9
3-Mathylcholanthrane 0.0 ND
Dibenzo (a.j) acridine 0.0 ND
Indeno [1,2,3-cd] pyrene 0.01 ND
Dibanz {a.h] anthracens 0.01 ND
Benzo [g.h.i} perylene 0.01 ND

METHOD: EFPA SW 848-827D. 3551
SURROGATES % RECOVERY

. 2-Flucrophenol SURR
Phenol d6 SURR
Nitrobenzene-d5 SURR
2-Fluarchiphenyt SURR
2.4,6-Tribromopheno! SURR
Terphenyl-d14 SURR

. ﬂ 14 12747

Michael R Fawlcr Cate

2REBES
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® LAB OF tr;} , Inc.

1 "Don't Treat Your Soil Like Dirtl*
,\ 3\/\'\

WHOLE EARTH ENVIRONMENTAL
ATTN: MR. MIKE GRIFFIN

19608 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358

Receiving Date: 01/10/97 Analysis Date: 01/22/97
Reporting Date: 01/23/97 Sampling Date: 01/08/97
Project Name: TATUM PIT SAMPLING Sample Type: SOIL.
Project Location; WEST OF TATUM, NM Sample Condition: CAl
Field Code: VA COM
Volatilee EPA SW 848 8240. {ppm) ELT# PQL % 1A Melhod % EA
Compounds 9908 Blank
Chinromethane ND 0.1 110 ND
Vinyt chloride ND 0.1 101 ND
Bromomathane ND 0.1 100 ND
Chlaroethane ND 01 i05 ND
Trichloroflusromethane ND 0.1 102 ND
Acetone ND 10 100 ND -
1.1-Dichloroethane ND 01 as ND 69
lodomethane ND 1.0 22 ND
Vinyl Acetate - ND 1.0 107 ND

' Carbon Disulfide ND 0.1 100 ND
Methylena Chloride ND 01 110 NOD
trans-1,2-Dichlorcethens ND 01 08 ND
1.1.Dichlaroethana ND 01 102 ND
2-Butanone ND 10 108 ND
Chlaroform ND 0.1 106 ND
1.1.1-Trichloroethane ND 0.1 91 ND
Carbon Teatrachlaride ND 0.1 94 ND
Benzene ND 0.1 88 ND 110
1.2 Dichloroethane ND 01 97 ND
Trichlioroathene ND 0.1 83 ND 108
1.2-Dichloropropane ND 0.1 a5 ND
Dibromomethane ND 0.1 115 ND
Bromochloromethane ND 0.1 124 ND
2-Chloroethyl Vinyl ether ND 1.0 123 ND
4-Mathyt 2-Pantanone ND 1.0 120 ND
cis 1,3 Dichloropropens ND o 0.1 105 ND
Toluena 6813 . _ 0.1 2 ] ND 119
trans 1,3-Dichlorapropene ND 0.1 89 ND
1,1,2-Trichloroethane ND 0.1 28 ND
Dibromochlcromethane ND 0.1 105 ND
Tetrachloroethene ND 0.1 107 ND
Chlorobenzene ND 0.1 a8 ND 107

‘ 12600 Wast 1-20 East » Odessa, Texas 79765 « (915) 563-1800 » Fax (915) 563-1713




Recelving Date: 01110/97
Reporting Date: 01/23/87
Project Name: TATUM PIT SAMPLING

WHOLE EARTH ENVIRONMENTAL

ATTN: MR. MIKE GRIFFIN

19606 SAN GABRIEL

HOUSTON, TEXAS 77084

FAX: 800-854-4358

Project Location: WEST OF TATUM, NM

Field Code: VA COM

Page 2of 2

Analysis Date: 01/22/97
Sampling Date: 01/05/97
Sample Type: SCOIL
Sample Conditlon: C&l

Volatites EFA SW 846-8240, (ppm) ELTS# £QL %K 1A Method % EA
Compounds £909 Blank
Ethylbenzene 5146 ,7° 0.1 89 ND
mé&p Xylene Q48 . 01 87 ND
o-Xylene 214 %% 04 80 ND
Slyrene ND 0.1 g5 ND
Bromoform ND 0.1 113 ND
1.1.2 2-Tetrachloroethana ND 01 87 ND
1.2.3-Trichloropropana ND 0.1 108 ND
SYSTEM MONITORING COMPOUNDS % RECOVERY
Dibromoflucromethane 103
Toluene-d8 108
A-Rramofluarobenzane 113
ND=<PQL

ﬂé&&// Zé /2777

Michael R. Fowler Date
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Pit Remediation Protocol
Tipperary Corporation
Tatum Pit Closure Project
Pits Requiring Modeling

1.0 Purpose
This protocol is provide a detailed outline of the steps to be employed in the
remediation and final closure of the Tipperary pits requiring risk assessment
modeling.

2.0 Scope
This protocol is site specific for the following Tipperary pits:

Vera # 1

State NBN # 1
State NBF # 1
Bell State “A”
G.S. State # 1

3.0 Preliminary

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

3.1 Client Review
3.1.1 Whole Earth shall meet with cognizant personnel within Tipperary to
review this protocol and make any requested modifications or alterations
prior to submittal to the State of New Mexico Oil Conservation Division.

3.1.2 Changes to this protocol will be documented and submitted for final

review by Tipperary Corporation prior to submittal to the Oil Conservation
Division.

3.2 Oil Conservation Division Review
3.2.1 Upon client approval, this protocol and associated modeling results will be
submitted to the New Mexico Oil Conservation Division for review and

comment. Recommended changes will be reviewed by the client prior to
implementation.
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3.2.2 Any recommended changes effecting costs will require a revised quotation
to be issued to the client for approval prior to the commencement of any
on-site remediation activity.

4.0 Safety
4.1 Prior to work on the site, Whole Ezrthz shail obtain the location and phone
numbers of the nearest emergency medica! treatment facility. We will review all
safety retated issues with the appropriate Tipperary personnel, sub-contracters and
exchange phone numbers.

4.2 A tailgate safety meeting shall be 2eld and documented each day. All sub-
contractors must attend and sign the czily log-in sheet.

4.3 Anyone allowed on to location must be wearing sleeved shirts, steel toed boots,
and long pants. Zact vehicle must be equipped with two way communication
capabilities.

4.4 Prior to any excevation, the area saall be surveyed with a line finder. If lines are
discovered within the area ¢ be excavated they shall be marked with pin flags on
either side of the line at maximum five foot intervals.

5.0 Fluid Removal
Prior to any excavation, the pit fluids shall be removed by vacuum truck and
transported to the Gandy / Marley, Inc. Landfarm. A shipping manifest and O.C.D.
Form C-117-A shall be prepared for each load and included within the final closure
report.

6.0 Excavation & Remediation
6.1 The site shall be excavated to a minimum depth of 10°. All excavated material
will be deposited immediately adjacent to the pit site.

6.2 The bottom of the pit and all four side walls will be tested for TPH and BTEX
concentrations using WEQP-06 and WEQP-19. Excavation will continue until
such concentrations are <10,000 ppm TPH, <10 ppm benzene and <50 ppm total
BTEX.

6.3 Upon reaching the required depth and side wall dimensions, the bottom of the pit
will be made as smooth as possible with excavation equipment. Sand will be
deposited in the bottom of the pit in a minimum thickness of 6”.
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6.4 A polyethylene liner of a minimum thickness of 40 mils will be spread atop the

sand to the pit edge and an additional 6” of sand deposited above it.

6.5 The excavated materials will be mixed and blended with additional topsoils
obtained from the area immediately adjacent to the pit until the hydrocarbon

concentrations fall below the maximum limits as described in Paragraph 6.2 of
this protocol. The remediated materials will then be replaced into the excavated

area, compacted and the surface contoured to provide for positive drainage.

6.6 The top two feet of the excavation shall be covered in remediated materials

having a maximum TPH concentration of <100 ppm and benzene concentrations

of <2 ppm.

7.0 Documentation & Reporting
7.1 At the conclusion of the pit remediation project, Whole Earth will prepare a
closure report to include the following information:

A plat map of the location showing the exact location of the pit, the
dimensions prior to excavation and the actual excavated dimensions.
Photographs of the pit prior to excavation, at the point of maximum
excavation and after final closure

Field Sampling Report to include the side wall and pit bottom TPH and
BTEX concentrations after excavation.

Field Sampling Report to include TPH and BTEX concentrations of all
remediated materials deposited into the pit deposited into the pit.

Daily calibration records of each testing instrument

Shipping manifests and OCD Form C-117-A

Risk assessment model and supporting documentation

M.S.D.S. and permeability certification of liner materials
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Pit Remediation Protocol
Tipperary Corporation
Tatum Pit Closure Project
Pits Requiring Removal of Free Phase Product From the Water Table

1.0 Purpose
This protocol is provide a detailed outline of the steps to be employed in the
remediation and final closure of the Tipperary pits requiring removal of free product
from the water table.

2.0 Scope
This protocol is site specific for the following Tipperary pits:

e IvaCOM#1
¢ Mable COM#1

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

3.1 Client Review
3.1.1 Whole Earth shall meet with cognizant personnel within Tipperary to
review this protocol and make any requested modifications or alterations
prior to submittal to the State of New Mexico Oil Conservation Division.

3.1.2 Changes to this protocol will be documented and submitted for final
review by Tipperary Corporation prior to submittal to the Oil Conservation
Division.

3.2 Oil Conservation Division Review
3.2.1 Upon client approval, this protocol and associated modeling results will be
submitted to the New Mexico Oil Conservation Division for review and
comment. Recommended changes will be reviewed by the client prior to
implementation.
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3.2.2 Any recommended changes effecting costs will require a revised quotation
to be issued to the client for approval prior to the commencement of any
on-site remediation activity.

4.0 Safety
4.1 Prior to worx on the site, Whole Zzrth shall obtain the location and phone
numbers of the nearest emergency mecical treatment facility. We will review all
safety related issues with the approprizie Tipperary personnel, sub-contractors and
exchange phone numbers.

4.2 A tailgate safety meeting shall te }_@Id and documented each day. All sub-
contraciors mus! attend and sign the czlly log-in sheet.

4.3 Anyone allowved on to location must be wearing sleeved shirts, steel toed boots,
and long pants. Zact vehicle must be equipped with two way communication
capabilities.

4.4 Prior to any excevation, the area shall be surveyed with a line finder. If lines are
discovered with'n the area to be excaveted they shall be marked with pin flags on
either side of the line at maximum five foot intervals.

5.0 Excavation & Remediation
5.1 The site shall be excavated to a minimum depth of 10’. All excavated material
will be deposited immediately adjacent to the pit site.

5.2 The bottom of the pit and all four side walls will be tested for TPH and BTEX
concentrations using WEQP-06 and WEQP-19. Excavation will continue until
such concentrations are <10,000 ppm TPH, <10 ppm benzene and <50 ppm total
BTEX.

5.3 The excavated materials will be mixed and blended with additional topsoils
obtained from the area immediately adjacent to the pit until the hydrocarbon
concentrations fall below the maximum limits as described in Paragraph 5.2 of
this protocol. The remediated materials will then be replaced into the excavated
area, compacted and the surface contoured to provide for positive drainage.




‘ QP-43 Page 3

5.4 The top two feet of the excavation shall be covered in remediated materials
having a maximum TPH concentration of <100 ppm and benzene concentrations
of <2 ppm.

6.0 Draw-down & Monitoring Wells
6.1 At the completion of the surface remediation portion of the project, Whole Earth
will supervise the installation of one draw-down and one monitoring well at the pit
site. The draw-down well will be drilled in the approximate center of the pit and
extend a minimum distance of 5” into the water table to accommodate seasonal
fluctuations. The well shall be driven by a windmill and the collected fluids sent to
the existing well site separation and storage equipment.

6.2 The monitoring well will be offset a maximum distance of 50’ to the southwest
of the draw-down well and will be used to evaluate the efficacy of the pumping
efforts. The well will be installed and monitored on an annual basis in
accordance with the Unlined Surface Impoundment Closure Guidelines 111. C.

‘ 7.0 Documentation & Reporting
7.1 At the conclusion of the pit remediation project, Whole Earth will prepare a
closure report to include the following information:

e A plat map of the location showing the exact location of the pit, the
dimensions prior to excavation and the actual excavated dimensions.

e Photographs of the pit prior to excavation, at the point of maximum
excavation and after final closure

e Field Sampling Report to include the side wall and pit bottom TPH and
BTEX concentrations after excavation.

e Field Sampling Report to include TPH and BTEX concentrations of all
remediated materials deposited into the pit deposited into the pit.
Daily calibration records of each testing instrument
Design and construction details of the draw-down and monitoring wells.
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WHOLE EARTH ENVIRONMENTAL
QUALITY PROCEDURE

Procedure for the Recycling of Freon 113

Completed By: Approved By: Effective Date:. / /

1.0 Purpose
This procedure is written to define the methods to be employed in the
collection and recycling spent Freon.

2.0 Scope
This procedure is to be used with all Freon compounds employed by the
company.

3.0 Procedure
3.1 All Freon used in the field shall be collected after each dispencement into
a recycling container. The container shall be constructed of tinted Pyrex glass
and shall be insulated to maintain a constant temperature, and shall be sealed
by means of a teflon cap.

3.2 All materials containing any but trace amounts of Freon shall be collected.
This includes the soil samples.

3.3 Once the recycling container is full, it shall be turned in to the Field
Superintendent and the employee shall be issued a new recycling container.

3.4 All recycle materials will me maintained in a well ventilated storage area
until approximately five gallons have accumulated.

3.5 Once an accumulation of recyclable materials has been collected, the Field
Superintendent shall recycle the materials in the Freon recycler. The
distilled fluids will be inspected for purity using the "MEGA" TPH
analyzer and if found to be at a concentration level of less than two parts
per million the batch will be released to inventory.
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3.6 A split sample of the material shall be sent to a an approved laboratory for
confirmation of concentration. If the laboratory confirmation of purity is less
than two parts per million concentration, the Field Superintendent will release
the material for field use.




| QP-06
WHOLE EARTH ENVIRONMENTAL
QUALITY PROCEDURE
Procedure for Conducting Field TPH Analysis
Completed By: Approved By: Effective Date: / /

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

. 2.0 Scope

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

3.0 Procedure
3.1 The G.A.C. "MEGA" TPH analyzer is an instrument that measures
concentrations of aliphatic hydrocarbons by means of infra-red spectrometry.
It is manufactured to our specifications and can accurately measure
concentrations from two parts per million through 100,000 parts per million.
The unit is factory calibrated however minor calibration adjustments may be
made in the field. Quality Procedure 25 defines the field calibration methods
to be employed.

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

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

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

3.6 Dispense 10 ml. Freon 113 into the sample vial.
3.7 Cap the vial and shake for five minutes.

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

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

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

4.0 Dilution Procedure
4.1 When initial readings are greater than 1,000 ppm using the 5 cm. cuvette,
pour the contents of the 5 cm. cuvette into a 1 cm. cuvette. Insert the 1. Cm
cuvette into the metal holder and insert into the test port of the instrument.

4.2 Read the left hand digital read-out of the machine. If the results are less
than 10,000 ppm, record the results into the field Soil Analysis Report. If
greater than 10,000 ppm, continue the dilution process. Concentrations
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>10,000 ppm are to be used for field screen purposes only.

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

4.4 Pour all sample Freon intc the recycling container.
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WHOLE EARTH ENVIRONMENTAL
QUALITY PROCEDURE

Sampling and Testing Protocol
BTEX Speciation in Soil

Completed By: Approved By: Effective Date: / /

1.0 Purpose
This procedure is to be used to determine the concentrations of Benzene,
Toluene, Ethyl-Benzene and Xylene (BTEX) in soils.

2.0 Scope
This procedure is to be used as the standard field measurement for soil BTEX
concentrations. It is not to be used as a substitute for full spectrographic
speciation of organic compounds.

3.0 Procedure
3.1 Sample Collection and Preparation

3.1.1 Collect at least 500 g. of soil from the sample collection point. Take
care to insure that the sample is representative of the general background
to include visible concentrations of hydrocarbons and soil types. If
necessary, prepare a composite sample of soils obtained at several points
in the sample area. Take care to insure that no loose vegetation, rocks or
liquids are included in the sample(s).

3.1.2 The soil sample(s) shall be immediately inserted into a one quart or
larger polyethylene freezer bag and sealed. When sealed, the bag should
contain a nearly equal space between the soil sample and trapped air.

3.1.3 The sealed samples shall be allowed to set for a minimum of five
minutes at a minimum temperature of 70°F.

3.1.4 The sealed sample bag should be massaged to break up any clods,
and to provide the soil sample with as much exposed surface area as
practically possible.
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3.2 Sampling Procedure
3.2.1 The instrument to be used in conducting VOC concentration testing
shall be a Photovac Ion-chromatograph with BTEX Module. Prior to use
the instrument shall be zeroed out in accordance with QP-55.

3.2.2 Carefully open one end of the collection bag and insert the probe tip
into the bag taking care that the probe tip not touch the soil sample or the
side walls of the bag. If VOC analysis was conducted on the sample prior
to BTEX analysis, care should be taken to insure that a sufficient air
volume exists in the bag to provide accurate results. If the available air
space within the bag is insufficient to run a full analysis, the sample
shall be discarded.

3.2.3 Set the instrument to retain the highest result reading value. Record
the reading onto the Field Analytical Report Form and additionally enter
the location code into the instrument data logger.

4.0 After testing, the soil samples shall be returned to the sampling location,
and the bags collected for off-site disposal. IN NO CASE SHALL THE
SAME BAG BE USED TWICE. EACH SAMPLE CONTAINER
MUST BE DISCARDED AFTER EACH USE.
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WHOLE EARTH ENVIRONMENTAL
QUALITY PROCEDURE

Sampling and Testing Protocol
BTEX Speciation in Soil

Completed By: Approved By: Effective Date: / /

1.0 Purpose
This procedure is to be used to determine the concentrations of Benzene,
Toluene, Ethyl-Benzene and Xylene (BTEX) in soils.

2.0 Scope
This procedure is to be used as the standard field measurement for soil BTEX
concentrations. It is not to be used as a substitute for full spectrographic
speciation of organic compounds.

3.0 Procedure
3.1 Sample Collection and Preparation

3.1.1 Collect at least S00 g. of soil from the sample collection point. Take
care to insure that the sample is representative of the general background
to include visible concentrations of hydrocarbons and soil types. If
necessary, prepare a composite sample of soils obtained at several points
in the sample area. Take care to insure that no loose vegetation, rocks or
liquids are included in the sample(s).

3.1.2 The soil sample(s) shall be immediately inserted into a one quart or
larger polyethylene freezer bag and sealed. When sealed, the bag should
contain a nearly equal space between the soil sample and trapped air.

3.1.3 The sealed samples shall be allowed to set for a minimum of five
minutes at a minimum temperature of 70°F.

3.1.4 The sealed sample bag should be massaged to break up any clods,
and to provide the soil sample with as much exposed surface area as
practically possible.
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3.2 Sampling Procedure

3.2.1 The instrument to be used in conducting VOC concentration testing
shall be a Photovac Ion-chromatograph with BTEX Module. Prior to use
the instrument shall be zeroed out in accordance with QP-55.

3.2.2 Carefully open one end of the collection bag and insert the probe tip
into the bag taking care that the probe tip not touch the soil sample or the
side walls of the bag. If VOC analysis was conducted on the sample prior
to BTEX analysis, care should be taken to insure that a sufficient air
volume exists in the bag to provide accurate results. If the available air
space within the bag is insufficient to run a full analysis, the sample
shall be discarded.

3.2.3 Set the instrument to retain the highest result reading value. Record
the reading onto the Field Analytical Report Form and additionally enter
the location code into the instrument data logger.

4.0 After testing, the soil samples shall be returned to the sampling location,
and the bags collected for off-site disposal. IN NO CASE SHALL THE
SAME BAG BE USED TWICE. EACH SAMPLE CONTAINER
MUST BE DISCARDED AFTER EACH USE.
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WHOLE EARTH ENVIRONMENTAL
QUALITY PROCEDURE

Procedure for Instrument Calibration
and Quality Assurance Analysis for
General Analysis "MEGA" TPH Analyzer

Completed By: Approved By: Effective Date: / /

1.0 Purpose
This procedure outlines the methods to be employed in calibrating the GAC
MEGA TPH analyzer and for determining and reporting of accuracy curves.

2.0 Scope
This procedure shall be followed each day that the instrument is used.

3.0 Procedure
3.1 Turn the instrument on and allow to warm up with no cuvette in the
receptacle. The instrument will take between five and ten minutes to come to
equilibrium as can be determined by the concentration display readings
moving a maximum of 5 ppm on the low scale. If the instrument continues to
display erratic readings greater than 5 ppm, remove the cover and check both
the mirrors and chopper to insure cleanliness.

3.2 All TPH standards shall be purchased form Environmental Resources
Corporation and as a condition of their manufacture subject to independent
certification by third party laboratories. Each standard is received with a
calibration certificate.

3.3 Insert the low range (100 ppm) calibration standard into the receiving port
and note the result on the right hand digital display. If the displayed reading is
less than 98 ppm or greater than 102 ppm, remove the circuit board cover
panel and zero out the instrument in accordance with QP-26.

(Note: Except in New Mexico, set the span to read 105% of actual standard).
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3.4 Repeat the process with the mid range (500 ppm) calibration standard. If
the displayed reading is less than 490 ppm or greater than 510 ppm zero out
the span as described in QP-26.

3.5 Repeat the process again with the 1,000 and 5,000 ppm calibration
standards.

3.6 Pour clean Freon 113 into a filter cartridge and extract into 10 ml cuvette.
Insert the cuvette into the receiving port and zero out the instrument reading
using the far right adjustment knob on the instrument. Repeat using the 1 ml
cuvette and the left hand zero dial.

4.0 Determining & Reporting Instrument Accuracy

4.1 After making the fine adjustment with the zero dials reinsert each
calibration standard into the instrument and note the concentration values. If
any concentration value exceeds 2% of the standard set point, repeat all
steps in section 3.0 of this Procedure. Note the actual concentration values
displayed by the instrument after each calibration standard.

4.2 The four calibration standards shall be used in reporting span deviation as
follows:

Standards Range
100 ppm 500 ppm 1,000 ppm 5,000 ppm
0-250 ppm 251-750 ppm 751-2,500 ppm | 2,501-10,000 ppm

4.3 Divide the actual instrument reading value of each calibration sample by
the concentration shown on the standard (e.g.. 501 ppm instrument reading /
500 ppm standard = 1.002%). These readings shall be reported for each test
performed.

5.0 Recalibration

5.1 If any sample exceeds the concentration of 1,000 ppm on the 10 ml
cuvette or 10,000 ppm on the 1 ml cuvette, the cuvette must be thoroughly
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rinsed with clean Freon and the instrument re-zeroed in accordance with 3.6
of this procedure.
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WHOLE EARTH ENVIRONMENTAL
QUALITY PROCEDURE

Procedure for Instrument Calibration
and Quality Assurance Analysis for
Photovac Gas Chromatograph

Completed By: Approved By: Effective Date: / /

1.0 Purpose
This procedure outlines the methods to be employed in calibrating the
Photovac analyzer in the BTEX mode and for determining and reporting of
accuracy curves.

2.0 Scope
This procedure shall be followed each day that the instrument is used.

3.0 Procedure
Start-up
3.1 Turn the instrument on and press the Battery button. A battery status
report will appear on the screen. If the charge level is less than 8.0, either
charge the battery or insert a fresh battery pack.

3.2 Open carrier gas valve on right side of instrument. The instrument is now
tuning the lamp. If any "boot" problems occur during warm-up, the "chck"
symbol will appear on the screen. Pressing TUTOR will prompt the
instrument to provide details. The instrument will not progress beyond the
start-up mode until all prompts are cleared.

3.3 The next screen display will be "purj" and will last approximately ten
minutes. The instrument is purging the column.
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Calibrate
3.4 Connect the regulator to cylinder of calibration gas. Connect calibration

adapter and tee assembly to both the regulator and instrument. DO NOT
FORCE ANY CONNECTION!

3.5 Inspect the open end of the tee vent to insure unobstructed flow.

3.6 Enter CAL on the key pad. The instrument will query "benzene?".
Following the prompts and using the key pad, set the concentrations to those
defined on the calibration gas bottle. Follow the same procedure for toluene,
ethyl-benzene and xylene. After each compound, the instrument will read that
the next analysis will be acalibration.

3.7 Press ENTER on key pad. The instrument will calibrate itself for the
concentrations specified.

Confirmation Sample

3.8 After each calibration, run the calibration gas through the instrument once
again. The display readings should be exactly those of the concentrations
displayed on the calibration gas bottle. If they are not, the instrument needs
factory calibration; do not use.

4.0 Recalibration
4.1 The instrument is designed with software that prompts you to recalibrate
each day, each thirty minutes of use, and after running a sample with high
concentrations of one or more of the detected compounds.

5.0 Reporting Instrument Accuracy
5.1 The instrument accuracy as certified by the factory is 15% within one

decade of instrument set point. Lower detection limits are 0.1 ppm for
benzene and 1.0 ppm for toluene, ethylbenzene and xylene.

5.2 These standards and detection limits must be shown on all reports in
which the instrument is used.
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The VADSAT modeling program was selected for this project as the most appropriate
tool for simulating hydrocarbon migration. The software was developed by the American
Petroleum Institute to be a universally accepted method for modeling the migration of
the most common oilfield pollutants onto the vadose zones of groundwater sources.

Though the model has the capability of simulating evaporative and bio-decay reductions
to the plume source, the enclosed simulations do not reflect any such losses. The
calculated concentrations are based solely on what may be expected to occur through
convection and dispersion at the noted depths and concentrations when an impermeable
liner is placed above a contaminant plume having a TPH concentration of <10,000 ppm
TPH and <10 ppm benzene.

Included within this section is an excerpt of the model showing the mathematical
assumptions upon which it is based. The site specific data is included with each
individual pit modeled.
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3. Description of VADSAT

The VADSAT model consists of three modules: 1) a source model
which considers the release of chemicals from a contaminated soil
zone, 2) an unsaturated or vadose zone model which considers
transport of chemicals vertically through the unsaturated zone to
the water table, and 3) a saturated zone model which simulates
three dimensional transport of dissolved chemicals in the ground-
water. These three submodels are linked and executed once for
deterministic simulations or repeatedly for Monte Carlo simula-
tions. A description of the three submodels and of the Monte Carlo
analysis will be given in this chapter.

3.1 Source Submodel

Waste constituents are assumed to occur within a specified interval
which may start at or below the ground surface and extend to some
depth above or below the water table. The areal extent of the
contaminated soil zone. which is subsequently referred to as the
“waste zone”, is described as a rectangular region in plan view. The
waste zone may be engineered (e.g. landspreading or burial) or it
may represent a region of residual organic liquid saturation follow-
ing a spill or leak. Two types of chemical species are considered:
(1) inorganic salts and (2) organic species in an oily waste or any
nonaqueous liquid phase (denser or lighter than water). Since salts
and oily waste will behave differently, a different source submodel
is used for each. The two locations of the waste zones considered
are: 1) source above the water table, and 2) source below the water
table.

3.1.1 Source Above the Water Table

Source for salts

The assumption used in modeling inorganic species (salts) is that
the concentration of the species that passes through the waste zone
1s constant and equal to an equilibrium solubility-controlled value.
Under this assumption, the waste zone acts as a constant strength
source of contamination for a period of time, ¢, [T], after which the
concentration of leachate is zero. The duration of the source is
given by

(OS]
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where M, is the total mass of the species in the waste zone per unit
area [M L], g, is the net recharge rate [L T-'] and Cg is the
dissolved concentration of the species [ML>]. The total species
mass per area in the water zone is given by

Ml‘ = pr F (323)

where p, is the waste zone dry bulk density [M L], L,, is the
thickness of the waste zone [L], and F; is the mass of salts in the
waste zone per mass of total solids [M M']. Soil bulk density is
computed from soil porosity by

Py = P(1-9) (3.2b)

where p is the particle density, which is assumed to be 2.65 g cm™
and ¢ is the waste zone porosity, assumed to be the same as that of
the unsaturated zone porosity, ¢,. Assuming all of the salts are
dissolved, the mass fraction of salts is related to the dissolved
concentration by

Yo
= =

Py
Data requirements for the inorganic source model are C So , M, L,
¢u and ql('

Nonaqueous liquid

Depletion of organic species, such as benzene or other potential
contaminants in a nonaqueous liquid (e.g., crude oil, residual
hydrocarbon, oily waste, solvent, etc.) over time is assumed to
occur due to combined effects of water percolating through the
waste zone and to evaporation of volatile components from the soil
surface. A molar balance for compound / may be written as

dm; 50

—_— === (3.4
dt W, W,

where m; is the number of moles of i per unit area in the hydrocar-
bon [moles L2}, W, is the molecular weight of i [M moles'], J! is
the rate of mass depletion per area due to percolating water [ML
T, J," is the rate of mass depletion per area due to volatilization
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[M L2T-] and ¢ is time. The aqueous loss is assumed to be purely
convective and is given by

W -

‘]:'V = quci (3.5)

where g, is the net recharge rate [L T'] and C’f is the aqueous

concentration of i [M L], which is related to the composition of
the hydrocarbon by

C; = x5, (3.6)

where S, is the aqueous solubility of pure component i [M L], and
x; is the mole fraction of i in the hydrocarbon [moles moles™]. The
mole fraction may be written as

m,Wy
X, = 3.7
K prwFH (J )

where m; is the moles of species i per area [moles L™2], my is the
total moles of hydrocarbon per unit area [moles L3], W} is average
molecular weight of hydrocarbon [M mole™'], p, is the bulk densi-
ty of the waste zone [M L], L,, is the thickness of the waste zone
[L], and Fy is the mass of hydrocarbon per mass of solids in the
waste zone [M M.

The diffusive vapor loss rate at the soil surface is computed assum-
ing a linear concentration drop from the waste zone to the soil
surface as
o
J =D, — 3.8
[ =Dl (3.8)
where D;’ is the gas phase diffusion coefficient for i in the porous
medium [L? T'], C‘; 1s the vapor concentration in the waste zone
[M L-3], and L, is the diffusion path length [L], which is taken as L,
+ L, /2, where L, is the waste cover thickness. For land-spread
waste, L, = 0. The effective diffusion coefficient is estimated from
the free gas diffusion coefficient, D;’, using the Millington-Quirk
(1961) model as

D = (0-8)"¢7D}" (3.9

where ¢ and 0 are the porosity and volumetric water content of the
cover, respectively, which are assumed to be the same as in the
underlying soil. In the case of lined pits, a fine grained liner is
assumed to restrict contaminant loss from the waste zone which is

3-3
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liquid saturated. The gas phase concentration in the waste zone is
related to the aqueous concentration via Henry's law as

¢/ = HC} (3.10)

where H; is the dimensionless Henry's constant for species i.
Combining (3.4) - (3.10) yields

dm,

dt
where J; is a waste zone depletion coefficient given by

g - WaS; Di H,W,S,
Y oppL FyW; p,L,L, FyW,

The first term in (3.12) represents aqueous losses from the waste
zone and the second term describes vapor losses. Assuming that F;
does not change significantly with time, i.e. that the waste consists

primarily of low solubility components, (3.11) may be solved
analytically to obtain

= -B;m; (3.11)

(3.12)

m; = m; exp(-B;?) (3.13)
where m? is the initial moles of i/ per area. Output information on
the time for source depletion is computed based on the operational
definition of source depletion at the time when m; /m; = 0.01,
hence r,= 4.6/, . The aqueous concentration will likewise decrease
exponentially with time according to

C; = C; exp(-B;1) (3.14)
where C‘l-v is the initial aqueous concentration of species i given by
. °W,p.S.
c! = 1 WipS (3.15)
WPy

where ff is the initial volume fraction of component i in the hydro-
carbon, p; is the density of component i, and p, is the average
density of hydrocarbon.

Data requirements for the organic source submodel are S;, H;, W,
P> D}’ , ff s W, Py Fur Ly Le, Py, ¢ and 6. The compound
solubility, Si, density, p;, molecular weight, Wi, Henry's constant,
Hi, free air diffusion coefficient, D{° , and the initial volume
fraction in the waste, fi , are compound specific input parameters.
Soil bulk density, p,, Soil water content in the cover above the
waste zone (if present) is assumed to be the same as that in underly-
ing soil, the est:mation of which is described later.
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3.1.2 Source Below the Water Table

For the analysis in this section, the waste zone is assumed to be
located below the water table. The mass loading rate to groundwa-
ter is computed for the inorganic and organic waste types directly,
and transport in the unsaturated zone is not considered.

Source for salts

As discussed in section 3.1.1, the waste zone is assumed to act as a
constant strength source of contamination for a period of time, ¢,
[T), after which the concentration of leachate is zero. Assuming
horizontal groundwater flow through the waste zone. the duration
of the source is given by
1, = ﬁ— (3.16)
9,L,,BCg

where M7 is the total mass of the species in the waste zone [M], g, 1s
the Darcy velocity in the x direction [L T-'] and B is the width of
the waste zone [L] perpendicular to the groundwater flow. The total
species mass is given by

My = p,L,,BAF, (3.17)

where p, is the waste zone dry bulk density [M L], L, is the
thickness of the waste zone [L], 4 is the length of the waste zone
[L], and M7 is the total species mass in the waste zone [M]. The
mass loading rate [MT"'] into the groundwater is

M, = q,BL,CS . (3.18)

Nonaqueous liquid

Assuming horizontal flow through the waste zone, a mass balance
equation for the total mass of a species in a hydrocarbon phase of
the waste zone can be written as

M
— = —qBL C; (3.19a)

LI
'
W
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dM

o7 -qMp/AD (3.19b)
t
A
e -BM (3.19¢)

where Cr is the aqueous phase concentration of a soluble species
[ML-] in the waste zone at time t, and B is a depletion coefficient
for the waste zone below the water table given by

B =q,/A8 (3.20)

The aqueous phase concentration will decrease exponentially with
time according to

Cr = C; exp(-Pr) (3.21)

where C lv is given by (3.15). The mass loading rate [MT '] into the
groundwater at time 7 is

M, = q.BL,Cy.

3.2 Unsaturated Zone Transport Submodel

Transport in the unsaturated zone is modeled from the bottom of
the waste zone to the water table assuming negligible horizontal
spreading. Linear adsorption and first order decay reactions are
considered for reactive chemicals. The governing equation for one
dimensional transport in the unsaturated zone may be written

v ac,._Dazc aC,
ui—a—t_— uaz_uax— ;

(3.23)
where C, is the concentration of component i in the aqueous phase
[ML-3], D, is the dispersion coefficient in the unsaturated zone
[L2T1, ¥V, is the pore water velocity in the unsaturated zone [LT'],
W, isa ﬁrst-order decay coefficient for component i in the unsat-
urated zone [T-'], x is distance [L], ¢ is time [T] and R, is the retar-
dation factor (explained later).
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3.2.1 Solution for Inorganic Transport

Salts are modeled as nonadsorbing conservative solutes with =1
and = (. The relevant initial and boundary conditions for (3.23)
to obtain

3-7
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dC; - 0 -5
‘é‘x"(°°, t) = (3.27¢) ‘

The solution is given by van Genuchten and Alves (1982) as

C/x,t) = C7 exp(=B,t)B(x, 1) (3.282)
where
. R x—wt
V,-w) u;
B(x,t) = %exp[(—-L;D_' erfc 172
- ) - w 2[DHRU~I}
R x+wt
V +w ; ~
* lexp[———( ut ) erfc —— v (3.28b)
2 2Du 2 {DHRH-[}
and '
4DuRu~ 172 "
w=V/|l+— [uu,._Bi] ‘ (3.28¢)
Vu

The chemical flux at the water table is computed from the flux
concentration, water flux and source area in the same manner as in
the salt model.

3.2.3 Unsaturated Zone Pore Water Velocity

The actual flow behavior in the vadose zone can be quite compli-
cated when one considers the effects of spatial heterogeneity and
transient boundary conditions. However, in the present analysis, we
are concerned with simulating the average conditions over long
term periods. In light of this objective, it was decided to simplify
the flow calculations, utilizing a unit hydraulic gradient approxima-
‘tion. This approach has been proven to work reasonably well even
in moderately heterogeneous soils under steady flow conditions
(Yeh, 1989). The major simplification obtained from this assump-
tion is that the pressure head in the soil profile is constant, as is the
moisture content. Darcy's equation for the unit gradient case may be
written as

9y = ersu (329)

where K, is the saturated hydraulic conductivity of the unsaturated

zone [L T, k, is the relative permeability [L°], and g, is the net

recharge rate [L T']. The relative permeability will depend on the
volumetric water content, 0, in a manner described by the Brooks- ‘
Corey (1964) model as

(V8]
t
o]
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k {e_er}y (3.30)
. = 3.0
’ q)u - 6r

where ¢, is the porosity in the unsaturated zone. 0, is an “irreduc-
ible” water content and ¥ is a pore size distribution parameter.
Owing to the availability of a large database on statistical distribu-
tions of van Genuchten model parameters (Carsel and Parrish,
1988), we relate the Brooks-Corey exponent to the van Genuchten
parameter n following Lernhard et al. (1989) as

2

=3+ (3.31)
(l‘l _ 1)(1 _ 0.5/1/(/1—1))

Using (3.29 and 3.30). we calculate the water content, which is
used in turn to estimate the pore water velocity, V,, as

Vo= (3.32)

If gq,>K,, fora given set of parameters. the flux g, is set equal to
K, assuming the excess flow will be diverted to runoff, and ¢ is
equal to the unsaturated zone porosity. ¢,. If a soil layer of low
permeability occurs above the waste zone, the analysis proceeds as
above, except that the maximum water flux is set equal to the
saturated hydraulic conductivity of the low permeability zone,

K, ILT ! ], rather than that of the soil.
3.2.4 Adsorption and Decay of Organics
The retardation factor for organic species is computed from

R, = 1+ 2ok

where f,_is the ratio of soil organic carbon to total dry soil mass
[M M-'] and £, is the organic carbon normalized partition coeffi-
cient [L? M"!]. The model requires £, and k. to be input.

Considering decay of organic species that may occur in the
dissolved or absorbed state, the decay coefficient may be defined

by

-

u“; = uuwe +F!“Luwpbfockoci (3..)4)

where W, is the decay coefficient for aqueous phase species and
F is a factor that relates aqueous phase decay to adsorbed phase
decay. VADSAT restricts the user to either specify F = 0 (no solid

(U]
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phase decay) or "= 1 (solid and dissolved phase decay coefficients
are equal).

The decay of organic species is a complex process that may often
be satisfactorily approximated as an apparent first-order reaction.
Field observations of transport from which apparent first order
decay coefficients may be inferred are not available in great
numbers. Chiang et al. (1989) modeled the transport and attenua-
tion of BTX in an aquifer in Michigan. Based on a mass balance
analysis of fielc data over time, an apparent first order decay coeffi-
cient for benzene of approximately 0.01 day™! was calculated. Data
from a controlled field experiment by Barker et al. (1987) indicates
a rate constant for benzene of about 0.008 day"'. The California
Office of Underground Storage Tanks recommends using 0.002
day' as a conservative value for benzene decay.

3.2.5 Dispersion in the Unsaturated Zone

The dispersion coefficient in the unsaturated zone is regarded as a
linear function of the pore water velocity, V,, as

D, =,V (3.35)

u i

where o, is the unsaturated zone dispersivity [L]. The latter may be
treated as a function of the distance from the source to the water
table. Based on data from Gelhar et al. (1985) on field measure-
ments of dispersion in the unsaturated zone, the following bilinear
model was obtained to describe the scale-dependent dispersivity

Ino, = —4.933+381linx  x<2m (3.36a)

Ina, = -2.727+0.584In x x>2m (3.36b)

where x is the distance from the source to the observation location
(i.e., the water table). Variability in /no, is approximately normally
distributed with a standard deviation of 1.18 for x £ 2m and of 0.34
for x> 2m.

3.3 Saturated Zone Transport Submodel

3.3.1 Horizontal Plane Source Transport Model

Leaching of chemicals from the unsaturated zone will result in an
areally distributed horizontal plane source at the water table. Treat-
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ing the source as a point source or as a partially penetrating vertical
plane source, as employed in certain models, will yield a less
accurate representation of the chemical distribution, particularly at
locations near the source. Furthermore, due to limited vertical
mixing near a chemical source, consideration must generally be
given to groundwater transport in three dimensions. An analytical
three-dimensional, horizontal plane source solute transport model
(HPS) developed by Galya (1987) is used to simulate transient
saturated zone transport. The model considers three-dimensional
convective-dispersive transport with linear adsorption and first-
order decay in a one-dimensional planar regional groundwater flow
field. For a uniform velocity field, chemical transport in an aquifer
with uniform hydrogeologic properties can be described by

ac, 3¢, dc, _dc
D

R— =D—+D—+D —
Yot T ox” ’ ayz "3
oC. (x, v,z
it Qix, v, 2) (3.37)

- -u C +
¢sax i q)s

where C;is the aqueous concentration of species i in the aquifer; g,
is the Darcy velocity in the saturated zone in the down-gradient (x)
direction,  is time; D,, D, and D. are dispersion coefficients in the
x, y and z directions, respectively; R, is the retardation factor for
species / in the saturated zone; ¢, is the saturated zone porosity,
K, 1s a first-order decay coefficient for mass loss ir_1 thg saturated
zone; and Q; is a source term for contaminant [M7T L °] which
1s nonzero over a finite rectangular area at the water table and zero
elsewhere. Initial and boundary conditions are stipulated by

C;=0 for t=20 (3.38a)
C;, =0 for X,y = to (3.38b)
p 2% o 0 3.38

<37 © for z = (3.38¢)
Dz-é-z- =0 for z=H (3.384)

where H is the aquifer thickness and z = 0 represents the water
table. The solution of (3.37) is obtained by the superposition of
Green's function for x, y and z directions. The primitive form of the
solution is given by

11
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(V'S

89

C. : L

- q)sRs,-

X, (x, )Y ,(y,)Z (2, )T|(t) (3.39)

where X, ¥, and Z, are the Green's function solutions to the
convection-dispersion equation in x, y and z directions, and T} is a
first-order decay function. Time convolution yields a solution for
the concentration of the chemical at any point in Space and time due
to an arbitrary time-dependent mass loading rate M; () as

t

Cils 1,210 = g [MDX, 5 =D, 01D

Z,(z,t=-T)T,(t-1)dT (3.40)

where T is a dummy variable for integration and M, (¢) is given
from the unsaturated zone model. The derivation of Green's
functions for the x, y and z directions is described by Galya (1987).

3.3.2 Saturated Zone Model Parameters

Dispersion coefficients in the saturated zone are described by
expressions of the form

D,.=o0.q,/0, (3.41a)
D, = a,q,/0, (3.41b)
D, = o,q,/0, (3.41c)

where o, o, and o, are dispersivities in the x, y and z directions.
Dispersivities in the saturated zone may be estimated from the
database of Gelhar et al. (1985). The longitudinal dispersivity, o,
is observed to be a function of distance from the source which may
be described by the empirical expression

2
Ino, = —3.795 + 1.7741n x-0.093(In x) (3.42)

where x is the distance from the source in the direction of the flow
field. Variability in ino, is assumed to be normally distributed
with a standard deviation of 1.58 as determined from the resuits of
Gelhar et al. (1985). Transverse dispersivities, o, and o, are
described by

SRS LR
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where T, and T, are taken as lognormally distributed random
variables. Field data indicate the dispersion ratio T; has a mean of
3 with a standard deviation of 1, while T, has a mean value of 87
with a standard deviation of 31 (4P1, 1987).

To ensure that the saturated zone concentration below the source
does not exceed the concentration leaving the unsaturated zone, the
vertical dispersivity is subjected to the following constraint for an
unsaturated zone source

I~

L
o, 2 6-]-’15- (3.44a)
g5
and for a source below the water table, the constraint is
> L‘2” 3.44b
.2 — )
2 (3.44b)

where L,, is the waste zone thickness below the water table, g, is
the unsaturated zone Darcy velocity, g, is the saturated zone Darcy
velocity, and L is the length of the source parallel to the flow direc-
tion. A message is printed in the output file when the vertical
dispersivity is adjusted by (3.44).

Additional aquifer properties required by the model are aquifer
thickness, H, aquifer porosity, ¢,, aquifer organic carbon content,
f,. » and aquifer Darcy velocity in the direction of the regional
gradient, g,. Component-specific properties for organic species
transport are the organic carbon normalized partition coefficient,
k, ¢ and the first order decay coefficient in the saturated zone. The
retardation factor is computed from (3.33) in the same manner as
for the unsaturated zone, except that the water content in the

saturated zone is replaced by the saturated zone porosity.

To convert from mass fluxes per area from the unsaturated zone
model to total mass fluxes and to define the source distribution in
space, the user must specify the source area, 4, and the ratio of
source length in the direction of flow to the width, S = L/W. Distri-
butions of 4 and Sy, are regarded as log-normal.

3.3.3 Evaluation of Maximum Concentration at Receptor

In order to provide a conservative assessment of the effects of
contaminant leaching on groundwater, it is of interest to determine

3-13
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the peak concentration at receptor locations in the saturated zone. If

the time elapsed from placement of waste in the unsaturated zone to (
the time of peak concentration at the receptor is ¢, 2> then it is .
necessary to compute the receptor concentration at this time only.
However, since the source is transient in nature, even though the
saturated zone solution may only be needed for ¢, ax » the concentra-

tion exiting the unsaturated zone must be known as a function of

time from r = J to ¢, to define the temporal source function for

i the saturated zone model. For the purpose of estimating the
duration of the unsaturated zone analysis, a conservative (i.e., high)

first estimate of ¢, is taken as the mean travel time through the
unsaturated and saturated zones times a factor to account for tailing

due to dispersion. For the case of salts, which are not adsorbed, we

define this estimate by

—

= 4LS¢S+4Lll¢u

qs 4y
where L, and L, are travel distances in unsaturated and saturated
zones, respectively, and other terms are as previously defined. For
the case of oily wastes, a similar procedure is used, except that
retardation is considered so that

4Ls¢.\‘Rs,- 4Lu¢uRu,-
L= +

| f (3.45a)

(3.45Y)
qS qll ‘ :
The duration of the unsaturated zone analyses may be reduced in

| some instances. If the source is depleted by time ¢, < ¢,,,,, then the

{ unsaturated zone solution need only be computed for the interval

| t = 0 to ¢t,. For the case of salt transport, which has a pulse-type
|

\

input function at the source, the duration of nonzero effluent
concentrations from the unsaturated zone may be estimated as the
duration of the pulse plus the travel time through the unsaturated
zone times a factor to account for dispersion. The computational
procedure for salts is
ty = t,+ % (3.46a)
4y
where ¢, is the duration of the pulse at the source defined by (3.1).
For organic chemical transport, a similar procedure is employed,
but with the duration of the exponentially decaying source taken as
the time when the source mass has decreased by a factor e. The
expression for an oily waste source is

4L 0.R,
f = 24 (3.46b)
Bi qu
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where [3; is the source decay parameter for species i given by
(3.12). The final time for the unsaturated zone analyses is taken to

‘ be t, = minimum (t,, t;) where ¢, and t, are computed from the
appropriate expressions for salts or oily waste.

Concentrations leaving the unsaturated zone are computed over the
time period ¢, in 300 equal intervals. Concentrations obtained from
the model at times ¢ = (¢, /300, 2 t, /300, .. t,) are stored in an array
and subsequently scanned by a search algorithm to determine the
time, ¢, , at which the concentration at the water table reaches a
maximum. The effluent concentration is taken to be zero for 1>7,

An improved estimate is next made of the time, fg,,,,, at which the
maximum concentration occurs at a receptor in the saturated zone
as

[Rmax = Z‘u + ts (347)
where ¢ is the time for the peak concentration to propagate from the
point of entry into the groundwater to the receptor. An estimate of ¢,
is made by computing the time required to propagate a dirac pulse

in the direction of flow. The solution to the one dimensional
‘ convection-dispersion equation for a dirac pulse is

2 —(x= V1) '
Ci(x, 1) = ———exp ( 5 i (3.482)
Vet(4mDpt) "~ R

where Dp = D, /R;;and Vg = q./0 R . For a given set of x, Dg
and V, values, the time corresponding to the maximum for the dirac
solution may be obtained by setting dC,/(dr) = 0, which yields

[——(x - sz)ZI—s Vi X'+ (2Vex’ — 6D px’)t + x4}
exp 0

4Dpt 8D, Vet (DRt
(3.48b)
For (3.48b) to hold, it is sufficient that
VAR VR - 6Dt =0 (3.49)

which is a quadratic polynomial in ¢ for given x, D, and VRl.The
' positive root of this polynomial yields an estimate of ¢, . This value
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3-16

is employed in (3.47) to obtain an approximation of the actual time,
tnax» &t Which the receptor concentration reaches a maximum.

Due to the gradual release characteristics of organic contaminants
from oily wastes, the peaks are generally rather broad and receptor
concentrations computed at the estimated time tp, . generally
yield accurate values for the peak receptor concentration. For the
case of salt migration, the peak is usually narrower, so the concen-
tration computed at tg,,. may underestimate the actual peak.
Therefore, in the latter case, the peak concentration is refined using
a search algorithm starting from the value at z,, . The golden
ratio algorithm (Forsythe et al., 1977) is employed to find the peak
receptor concentration by progressively bisectioning the initial time
interval, (i.e., by calculating and comparing the concentrations
corresponding to times at the beginning and at the end of each time
interval unril the last two consecutive concentrations differ by a
specified tolerance). Upon satisfying the convergence criteria, ¢,
as taken at the midpoint of the final time interval.

The highest 70-year exposure level at a receptor location is comput-
ed as the average concentration over a period from 35 years before
to 35 years after the peak concentration. Using a three-point trape-
zoid rule integration, the 70-year exposure concentration, Cy,, is
computed as
c.o=LYee —s3syilee yelee  +35) 3s0)
70 4 2 4 max e

max max

where C(t) denotes the computed receptor concentration at time ¢
in years.

Verification of the correctness and accuracy of the computer model
VADSAT, which implements the coupled source zone, vadose
zone and saturated zone submodels was performed by comparing
results with other analytical solutions for special cases and by
performing sensitivity analyses.

3.4 Monte Carlo Method

The screening model described in the preceding sections contains a
number of parameters which are subject to variability from location
to location due to heterogeneous waste, soil and aquifer characteris-
tics and variations in climate. As a result of the uncertain nature of
model input parameters, predictions are also uncertain and may be
characterized by a probability distribution. The most general
manner of determining the nature of prediction uncertainty, given
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the distribution of input parameters, is to use Monte Carlo simula-
tion methods.

The Monte Carlo method involves execution of the model for many
realizations of parameter sets from their statistical distributions to
obtain the distribution of possible model outcomes. The method
requires a knowledge of the probability distribution functions of the
random input parameters. Monte Carlo methods are well document-
ed and have been applied extensively to groundwater contamina-
tion problems. Applications of the Monte Carlo method have been
discussed by Wagner and Gorelick (1987), Smith and Freeze
(1979), and Warren and Price (1961) among others.

A Monte Carlo analysis of the screening model described in the
preceding chapter was implemented in VADSAT. A random
number generation algorithm described by Press et al. (1986) was
used to generate realizations of random input parameters according
to their specified probability distribution functions. Distributions of
all input parameters are assumed to be independent. Histograms
and statistical moments (mean and variance) of the model output
(e.g, maximum concentration at a receptor location) are computed
from the results. Input parameters in VADSAT which are regarded
as random variables are listed in Tables 4.5 and 4.6 along with their
distribution types for transport of salts or hydrocarbon species.
Depending on the nature of the parameter, the distribution type is
assumed to be log-normal or uniform. Regardless of the distribution
type, all distributions are specified in terms of the mean and
standard deviation of the original variable. Note that several param-
eters that are often characterized by normal distributions are regard-
ed here as log-normal. In practice, normal distributions with a low
variance are closely approximated by a log-normal distribution
when the appropriate variance transformation described below is
used. The log-normal distribution has the advantage that it handles
cases with high variance more accurately than the normal distribu-
tion.

For variables characterized by a range from X, to X, (e.g., 95
percent lower and upper confidence limits), the mean and standard
deviation may be estimated by

m = Xmaz + Xomin (3.51a)
2
X -X .
0. = max min (3.51b)

J12
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which may be employed to compute the required input parameters
for VADSAT from the known range. Equation (3.51) is exact for
uniformly distributed variables.

For log-normally distributed variables, the following conversion
formulas are used internally by the program to determine the mean
and variance of log-transformed variables as

2
Gin
m, = In(m)- é (3.52a)
2
oin = InS+1 (3.52b)
m

where m;, anc c%,, are the mean and variance of the log-trans-
formed variable and m and G° are the mean and variance of the
original random variable. The user directly inputes m and o, where-
as my, and o%n are used internally by the program to generate the
random_ variables for the transformed normal distribution
N(m,,,,c%n ). Log-normal distributions are truncated at £3c or

t30y,.

Verification of the Monte Carlo analysis implemented in VADSAT
was performed by comparing statistical distributions of model
output with independently computed distributions based on a first-
order error analysis.

~
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