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10 CFR 70.5

( /161 /770, )
May 20, 2004

NEF#04-019

ATTN: Document Control Desk
Director
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington. DC 20555-0001

Louisiana Energy Services, L. P.
National Enrichment Facility
NRC Docket No. 70-3103

Subject: Response to NRC Request for Additional Information Regarding the National
Enrichment Facility Environmental Report

References: 1. Letter NEF#03-003 dated December 12, 2003, from E. J. Ferland (Louisiana
Energy Services, L. P.) to Directors, Office of Nuclear Material Safety and
Safeguards and the Division of Facilities and Security (NRC) regarding
'Applications for a Material License Under 10 CFR 70, Domestic licensing of
special nuclear material, 10 CFR 40, Domestic licensing of source material,
and 10 CFR 30, Rules of general applicability to domestic licensing of
byproduct material, and for a Facility Clearance Under 10 CFR 95, Facility
security clearance and safeguarding of national security information and
restricted data"

2. Letter NEF#04-002 dated February 27, 2004, from R. M. Krich (Louisiana
Energy Services, L. P.) to Director, Office of Nuclear Material Safety and
Safeguards (NRC) regarding 'Revision 1 to Applications for a Material
License Under 10 CFR 70, "Domestic licensing of special nuclear material,"
10 CFR 40, 'Domestic licensing of source material," and 10 CFR 30, "Rules
of general applicability to domestic licensing of byproduct material"

3. Letter dated April 29, 2004, from M. Wong (NRC) to R. Krich (Louisiana
Energy Services) regarding 'Request for Additional Information Related to the
Preparation Of An Environmental Impact Statement For The Louisiana
Energy Services Proposed National Enrichment Facility"

By letter dated December 12, 2003 (Reference 1), E. J. Ferland of Louisiana Energy Services
(LES), L. P., submitted to the NRC applications for the licenses necessary to authorize
construction and operation of a gas centrifuge uranium enrichment facility. Revision 1 to these
applications was submitted to the NRC by letter dated February 27, 2004 (Reference 2). By
letter dated April 29, 2004 (Reference 3), the NRC requested additional information and
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clarifications regarding the Environmental Report be provided within 15 working days (i.e., by
May 20, 2004).

The Reference 3 letter includes the NRC Request for Additional Information (RAI) covering the
National Enrichment Facility (NEF) Environmental Report (ER). This letter transmits the LES
responses to these requests.

Enclosure 1 to this letter provides a compact disc (CD-ROM) containing an electronic version of
the LES responses and associated tables and figures referenced in the various responses as
requested in the Reference 3 letter.

Enclosure 2 to this letter provides a CD-ROM containing a sample calculation to allow the NRC
to reproduce the site score results in ER Section 2.1.3.3. XOQDOQ model input files used to
generate the air quality impact data from the proposed NEF operation in ER Section 4.6.2.3,
and meteorological data supplied by Waste Control Specialists as requested in RAI 2-7A,
RAI 44A, and RAI 4-1 1A, respectively.

Attachment 1 to this letter provides the RAIs with the associated LES response.

Attachment 2 to this letter provides Tables referenced in various RAI responses.

Attachment 3 to this letter provides Figures referenced in various RAI responses.

Attachment 4 to this letter provides a copy of a letter dated March 12, 2004, from J. Mace (US
Army Corps of Engineers) to G. Harper (Framatome-ANP) regarding the absence of Corps of
Engineers' jurisdictional waters on the NEF site.

Attachment 5 to this letter provides a copy of a letter dated April 13, 2004, from R. Krich
(Louisiana Energy Services, L.P.) to J. Parker (New Mexico Environment Department) regarding
'Registration of X-Ray Radiation Machines for the National Enrichment Facility."

Attachment 6 to this letter provides documents requested in various RAIs.

If you have any questions, please contact me at 630-657-2813.

Respectfully,

R. M. Krich
Vice President - Licensing, Safety, and Nuclear Engineering
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Enclosures:

1. CD-ROM - LES Responses to April 29, 2004, Requests for Additional Information.

2. CD-ROM - Data Files Provided in Response to Requests.

Attachments:

1. LES Responses to April 29, 2004, Request for Additional Information.

2. LES Responses to April 29, 2004, Request for Additional Information: Tables Referenced
from Responses.

3. LES Responses to April 29, 2004, Request for Additional Information: Figures Referenced
from Responses.

4. LES Responses to April 29. 2004, Request for Additional Information: Letter Dated
March 12, 2004, from J. Mace (US Army Corps of Engineers) to G. Harper (Framatome-
ANP) Regarding the Absence of Corps of Engineers' Jurisdictional Waters on the NEF Site.

5. LES Responses to April 29, 2004, Request for Additional Information: Letter Dated
April 13, 2004, from R. Krich (Louisiana Energy Services, L.P.) to J. Parker (New Mexico
Environment Department) Regarding 'Registration of X-Ray Radiation Machines for the
National Enrichment Facility."

6. LES Responses to April 29, 2004, Request for Additional Information: Documentation
Supplied in Response to Requests

cc: T.C. Johnson, NRC Project Manager (w/o Attachments) (w/o Enclosures)
M.C. Wong, NRC Environmental Project Manager
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Louisiana Energy Services (LES)
Responses to April 29, 2004

Requests for Additional Information

SECTION 1 - INTRODUCTION

Pursuant to 10 CFR 51.45(d), the ER is required to list all the Federal permits, licenses,
approvals or other entitlements which must be obtained in connection with the proposed action.

1-1 Permits, Licenses, and Approvals:

A. Provide an update on the status of required permits, licenses and approvals, if
available, for the construction and operation of the proposed National Enrichment
Facility (NEF). For example, identify any specific air quality permits required by
the State of New Mexico. Provide the bases for each such permits.

B. Identify any applicable New Mexico regulations, permits, licenses, or approvals
that would be required because of the State Land Swap Arrangement.

Section 1.2.1 states that the proposed NEF site is currently owned by the State of
New Mexico and is being acquired by Louisiana Energy Services (LES) through a
State Land Swap Arrangement.

C. Verify that the proposed septic tanks and leach fields would comply with
applicable permits, licenses or approvals.

LES Response

A. The following is a status update of those permits required for the NEF. LES will
incorporate this update of the status of the required permits, licenses, and approvals in
the next revision to the NEF Environmental Report (ER).

National Pollutant Discharge Elimination System (NPDES) Industrial Storm Water Permit

The NEF is eligible to claim the 'No Exposure" exclusion for industrial activity of the
NPDES storm water Phase 11 regulations. As such, LES could submit a No Exposure
Certification immediately prior to initiating operational activities at the NEF site.

LES also has the option of filing for coverage under the Multi-Sector General Permit
(MSGP) because the NEF is one of the 11 eligible industry categories. If this option is
chosen, LES will file a Notice of Intent (NOI) with the US Environmental Protection
Agency (EPA), Washington, D.C., at least two days prior to the initiation of NEF
operations.

A decision regarding which option is appropriate for the NEF will be made in the near
term and reflected in a revision to the ER.

NPDES Construction Storm Water Permit

The LES will file for coverage under the NPDES Construction General Permit (CGP).
LES will develop a Storm Water Pollution Prevention Plan (SWPPP) and file a Notice of
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Intent (NOI) with the US EPA, Washington, D.C., at least two days prior to the
commencement of construction activities.

Development of the SWPPP or submittal of the NOI has not yet been completed
because it is too early in the regulatory process.

US Army Corp of Engineers Section 404 Permit

By letter dated March 17, 2004, provided as Attachment 4 to this submittal, the US Army
Corp of Engineers has notified LES of its determination that there are no jurisdictional
waters at the NEF site. Therefore, a Section 404 Permit is not required.

New Mexico Section 401 Pcrmit

The State of New Mexico and the US Army Corp of Engineers have a cooperative
agreement between them. Because jurisdictional waters were not identified at the site, a
Section 401 Permit is not required.

New Mexico Air Permit

The NEF does not emit levels of air emissions that meet the conditions under New
Mexico regulation 20.2.70 NMAC (New Mexico Administrative Code), Operating Permits,
which would require an air quality operating permit. The NEF will have emissions for
non-exempt equipment below ten (10) pounds per hour and less than twenty-five (25)
tons per year of any regulated air contaminant for which there are national or state
standards, the threshold limits for which a construction permit would be required. Even
though below the threshold limits, LES has prepared and filed a Notice of Intent (NOI)
with the New Mexico Air Quality Bureau. The NOI is presently being reviewed by the
bureau.

National Emission Standards for Hazardous Air Pollutants (NESHAPs)

The NEF is not subject to any of the standards established by the Clean Air Act for
National Emission Standards for Hazardous Air Pollutants (NESHAPs). NEF emission of
any hazardous air pollutant is below the regulatory limit. This is also the case under New
Mexico regulation 20.2.78 NMAC, Emission Standards for Hazardous Air Pollutants,
which has adopted the federal EPA standards by reference.

New Mexico Ground Water Discharge Permit/Plan

LES has prepared and submitted to the New Mexico Water Quality Bureau (NMWQB) a
Ground Water Discharge Permit/Plan application for the NEF site. The application
includes the NEF septic tanks and leachfields as part of 20.6.2.5000 NMAC,
Underground Injection Control. The application is presently undergoing NMWQB review.

New Mexico Hazardous Waste Permit

The State of New Mexico adopted Resource Conservation Recovery Act laws by
reference as state hazardous waste regulations under 20.4.1 NMAC, Hazardous Waste
Management. LES will be required to file a US EPA Form 8700-12, Notification of
Regulated Waste Activity, prior to the generation of materials meeting hazardous waste
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2-2 Septic Tanks and Leach Fields:

Provide a detailed description of the septic tanks and leach fields.

Section 2.1.2.5 states 'three septic tanks with a common leach field will be
installed onsite." Sections 3.12.1.3.4 and 4.4.7 discuss the effluent discharge
systems.

LES Response

The design approach for disposal of sanitary wastes has been modified since the submittal of
the ER. LES will incorporate a detailed description of the NEF septic systems in the next
revision to the ER. Six septic systems are now planned in lieu of three septic tanks with a
common leachfield. Each septic system will consist of a septic tank with one or more
leachfields. Refer to Figure ER RAI 2-2, 'Planned Septic Tank System Locations," in
Attachment 3 to this submittal for the planned location of the six septic tank systems.

The six septic systems are capable of handling approximately 40,125 liters per day
(10,600 gallons per day) based on a design number of employees of approximately 420. Based
on the actual number of employees, 210, the overall system will receive approximately
20,063 liters per day (5,300 gallons per day). Total annual design discharge will be
approximately 14.6 million liters per year (3.87 million gallons per year). Actual flows will be
approximately 50 percent of the design values.

The septic tanks will meet manufacturer specifications. Utilizing the percolation rate of
approximately 3 minutes per centimeter (8 minutes per inch) established by actual test on the
site, and allowing for 76-114 liters (20-30 gallons) per person per day, each person will require
2.7 linear meters (9 linear feet) of trench utilizing a 91.4-centimeter (36-inch) wide trench filled
with 61 centimeters (24 inches) of open graded crushed stone. As indicated above, although
the site population during operation is expected to be 210 persons, the building facilities are
designed by architectural code analysis to accommodate up to 420 persons. Therefore, a total
of approximately 975 linear meters (3,200 linear feet) of percolation drain field will be required.
The combined area of the leachfields will be approximately 892 square meters (9,600 square
feet).
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2-3 Treated Effluent Evaporative Basin (TEEB):

A. Provide specific information on the materials and construction methods to be
used for the double-lined TEEB.

Section 4.4.7 describes controls of impacts to water quality including the TEEB
which is double-lined with leak detection equipment installed and open to allow
evaporation.

B. Describe the methodology used to determine that the basin liner(s) would last the
entire life of the proposed NEF.

C. Describe the proposed monitoring system used to determine whether the liner(s)
has been breached. Provide specific information on the equipment and its alarm
activation and operation system.

D. Describe the proposed mitigating actions to be implemented if the liner(s) fails.

E. Provide the process for decommissioning the TEEB and disposing of the soil and
sludge as low-level waste.

Based on Section 2.1.2.3.4, the TEEB soil/sludge would contain a complexing
agent (citrate), Uranium, and other decay product radionuclides from the 30 years
of operation.

F. Identify the treatment method(s) used to treat the citrate in the liquid effluent prior
to discharging it into the TEEB.

G. Verify that the amount of chelating agent (i.e., citric acid) in the TEEB's
soil/sludge would be acceptable for low-level waste disposal.

LES Response

A. Materials and construction methods to be used for the double-lined Treated Effluent
Evaporative Basin (TEEB) will be in compliance with current New Mexico Environment
Department (NMED) Guidelines for Liner Material and Site Preparation for Synthetically-
Lined Lagoons, December 1995.

The TEEB will have two, geosynthetic fabric liners. The geosynthetic liner material will
be chemically compatible with potential liquid effluents to be discharged to the TEEB,
resistant to sunlight deterioration, and of sufficient thickness to have adequate tensile
strength and tear and puncture resistance. The liner material will be selected during final
design and may consist of high-density polyethylene (HDPE) or ethylene interpolymer
alloy (Coolgard 0 XR-5® or Ultra Tech@).

Methods that will be used to construct the TEEB, from the bottom up, are as follows.

A minimum 0.61-meter (2-foot) thick layer of on-site clay-type soils, free from rock,
and compacted at optimum moisture content to 95% of Standard Effort, i.e.,
American Standard for Testing and Materials (ASTM) D698, "Standard Test Methods
for Laboratory Compaction Characteristics of Soil Using Standard Effort
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(12,400ft-lbf/ttM (600kN-m/m3))," (applicable version at time of design) will be
prepared. The plastic limit of the clay will be approximately 20 and the material will
be compacted to +3% of its optimum moisture content.

* A geosynthetic fabric liner will be installed on top of the prepared soil layer. This will
serve as the secondary (lower) liner.

* Leak collection piping and associated sump and pumping system, to pump any
leakage back to the TEEB, will then be placed.

* A geomembrane drainage mat with the imbedded leak collection piping will be added.

* The primary (upper) geosynthetic fabric liner will be installed.

* The primary liner will then be covered by a minimum 0.3-meter (1-foot) thick prepared
layer of on-site clay, free of rock, and compacted at optimum moisture content.

• Liner installation will be by manufacturer certified installers and will be installed and
tested according to project specifications.

In addition, the TEEB will be enclosed with animal-friendly fencing to prevent wildlife and
unauthorized personnel access. It will also be covered by surface netting or other
suitable devices, to exclude waterfowl access to basin water.

B. The methodology that will be used to determine that the basin liner(s) will last the entire
life of the proposed NEF is as follows:

* A geosynthetic fabric liner determined to be chemically compatible with basin
contents will be selected. The selection process will include consultation with liner
manufacturers. This will occur during final design.

* The selected liner will have a projected service life in excess of the projected life of
NEF.

* Liner thickness will comply with current NMED Guidelines for Liner Material and Site
Preparation for Synthetically-Lined Lagoons, December 1995 and with the
recommendations of the liner manufacturer.

* Liner material will be ultraviolet resistant and covered by a minimum of 0.3-meter
(1-foot) thick prepared layer of on-site clay, free of rock, and compacted at optimum
moisture content.

* The liner material will be pre-approved by a professional engineer and the NMED, as
required by current NMED Guidelines for Liner Material and Site Preparation for
Synthetically-Lined Lagoons, December 1995.

* Site preparation for basin construction will meet or exceed current NMED Guidelines
for Liner Material and Site Preparation for Synthetically-Lined Lagoons, December
1995.
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* Liner installation will be by manufacturer certified installers and will be installed and
tested according to project specifications.

* Lastly, a monitoring plan will be implemented. The monitoring plan will consist of
periodic inspections and implementation of corrective measures, if required.

By following the above methodology, the basin liner(s) are expected to last the entire life
of the proposed NEF.

C. The proposed monitoring system for determining whether the primary (upper) liner has
been breached will be an active liquid-sensor leak detection system. This system is a
drain/sump system consisting of collection pipes that will be routed to a monitored sump.
If the sump is collecting liquid, a level monitor will alert site staff. Specific information on
the equipment, its periodic testing, and its alarm activation and operation system will be
determined during final design.

D. Proposed mitigating actions to be implemented upon failure of the primary (upper) liner,
detected by the leak detection system are as follows. Damage to the liner will be
promptly assessed and corrective action taken to restore the system integrity. The TEEB
will be designed with two cells. As such, the cell with the failed liner can be isolated,
drained and repaired. During this time period, discharges will be to the cell with the intact
liner. Furthermore, the secondary (lower) liner will preclude discharge to the subsurface
in the case of a breach in the primary liner. Notifications and corrective measures
required by the NMED Ground Water Quality Bureau will be promptly initiated. Given the
methods used to construct the TEEB (See the response to RAI 2-3A) which will provide
physical separation between the two liners as well as a minimum cover over the upper
liner of 0.3 m (1.0 It) and the liner selection and installation details as specified in the
response to RAI 2-3B, catastrophic failure of both TEEB liners is not considered credible.

E. The TEEB is expected to contain low concentrations of uranic materials and decay
products in the uppermost soils as residue from the Liquid Effluent Collection and
Treatment System. As part of the site closure during the decommissioning process,
representative soil samples from across the entire TEEB will be collected and analyzed
for radioactive and hazardous constituents. This information will provide the necessary
characterization data to develop the waste disposal plan for the transfer of contaminated
waste materials to a licensed disposal site. Though the existing low level waste disposal
sites (i.e., Barnwell in South Carolina and Envirocare in Utah) do permit limited quantities
of waste with chelating agents, the Liquid Effluent Collection and Treatment System by
process design is not expected to generate detectable quantities of citric acid (citrate) in
the TEEB soil. The sediment and soil over the top of the upper liner and the liner itself
will be disposed of, if required, as low level waste. Similarly, the leak detection system
components and the lower liner will also be removed and disposed of accordingly.
Lastly, the soil under the lower liner will be sampled and disposed of as low-level waste,
if required. Excavations and berms will be leveled to restore the land to a natural
contour.

F. The decontamination system uses citric acid, a chelating agent, to remove contamination
from equipment and components. The concentration of the citric acid is between 5% and
7%. Disposal of spent citric acid results in an input waste stream to the Liquid Effluent
Collection and Treatment System that will periodically contain a citric acid solution with
dissolved uranic materials. The preliminary design of the Liquid Effluent Collection and
Treatment System treats critic acid in the first portion of a multistage process for waste
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stream conditioning and removal of contaminants. The first stage of this treatment
process utilizes a neutralization and precipitation reaction by the addition of a hydroxide
(potassium or sodium) as a precipitating agent in the Precipitation Treatment Tank. This
action is intended to raise the pH of the liquid waste to a range of 9 to 12. This treatment
renders the soluble Uranium compounds insoluble allowing them to precipitate from
solution. It also breaks down the citric acid as a chelating agent. Precipitated solids are
removed from the treated solution by circulating the treated liquid through a filter press.
The filter press separates suspended solids from the liquid. With proper control of pH,
no critic acid will remain after this stage of treatment. The downstream stages of liquid
treatment after the Precipitation Treatment Tank include a waste evaporator/dryer which
will boil the waste liquid to create a clean distillate stream and concentrated waste
bottoms. If any weak solutions of critic acid were to be carried over to the
evaporator/dryer due to unexpected operating conditions, it will tend to dissociate to
carbon dioxide (CO2) and water when heated. The distillate fraction from the evaporator
is collected in the Treated Effluent Monitoring Tanks before being discharged to the
TEEB. Polishing demineralizers are provided in the design as a final stage of treatment
if the effluents from the Treated Effluent Monitoring Tanks need additional processing
before release to the basin. During final design of the Liquid Effluent Collection and
Treatment System, process parameters and design requirements will be established to
ensure that no detectable quantities of critic acid will be discharged to the TEEB.

G. The processing of liquid waste though the Liquid Effluent Collection and Treatment'
System will remove citric acid from the waste stream before discharge of the effluent to
the TEEB as discussed in the response to RAI 2-3F above. During final design of the
Liquid Effluent Collection and Treatment System, process parameters and design
requirements will be established to ensure that no detectable quantities of critic acid will
be discharged to the TEEB. Soil analysis of the TEEB soil/sludge as part of the
decommissioning process will verify that the material is suitable for low-level waste
disposal.
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2-4 Uranium Byproduct Cylinder (UBC) Storage Pad:

A. Provide additional information which resolves inconsistencies on the UBC storage
pad construction.

Section 1.2.3 states the UBC storage pad is designed to store up to 15,727
UBCs, or about 25 years worth (i.e., tails generation rate is 625-627 UBCs per
year). This statement is inconsistent with Section 1.2 which states the proposed
NEF would be licensed for 30 years of operation and Section 4.13.3.1.1 which
states 'the concrete pad to be initially constructed onsite for the storage of UBCs
will only be of a size necessary to hold a few years worth of UBCs."

B. Provide the specific size and capacity for the initial concrete storage pad.

C. Identify the planned expansion dates for the storage pad and discuss the impact
the periodic expansions of the storage pad would have on operation and
maintenance activities.

D. Discuss the potential for regular periodic expansion of the UBC storage pad that
could bring construction crews back onto the proposed NEF which could increase
the number of personnel exposed to radiological and hazardous events.

Section 4.13.3.1.1 states the depleted uranium would be temporarily stored onsite
in containers on the UBC storage pad. The current schedule calls for completion
of construction activities by 2013, which seems inconsistent with the regular
periodic expansion of the UBC storage pad.

LES Response

A. There are no inconsistencies concerning the UBC Storage Pad construction information
provided in the license application. The UBC Storage Pad will be sized to store up to
15,727 UBCs. This figure was selected to establish a conservative upper bound
estimate with respect to UBC Storage Pad dose calculations, UBC Storage Pad sizing,
and the decommissioning funding estimate. The yearly UBC generation rate and
cumulative number of UBCs for this scenario are provided in Table ER RAI 2-4A.1,
'Production for Nominal 30 Years of Operation," in Attachment 2 to this submittal. As
shown in Table ER RAI 2-4A.1, the 15,727 UBC estimate includes a six-year ramp up
from 66 to 623 UBCslyr, followed by 19 years at a constant UBC generation rate of
627 UBCstyr, and lastly, a seven-year ramp down from 561 to 0 UBCs/yr (i.e., a total of
32 years based on the conservative assumption of facility operation up to the full 30
years).

The NEF is, however, applying for a 30-year license which spans the period from initial
receipt of licensed material on site until decommissioning is completed. The actual
number of UBCs generated over this 30-year license period will be less than the
bounding estimate of 15,727 UBCs. This is shown in Table ER RAI 2-4A.2, "Production
During 30-Year License Period," in Attachment 2 to this submittal.

The concrete pad will initially be constructed to store the number of UBCs generated
over approximately the first five years of full production. If the need arises to store
additional UBCs, prior to a deconversion facility becoming available, the storage pad will
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be expanded in about five years from initial construction to provide an additional five-year
capacity. Additional expansions, if required, will provide similar storage capacity
increases in five-year increments.

B. The concrete pad will initially be constructed to store the number of UBCs generated
over approximately the first 5 years of production. The facility is licensed for 30 years
and the incremental storage pad expansions would occur, if necessary, about every five
years. Therefore, each expansion would be approximately 1/6 of the total pad size. The
total design storage pad area is approximately 8.5 hectares (21 acres); therefore, the
initial pad size will be approximately 1.4 hectares (3.5 acres). This size will be adequate
to store the initial five years of UBCs that are generated by the NEF. It is the intention of
LES to pursue a deconversion option which would preclude the need to expand the
storage pad beyond its initial constructed size. Once the deconversion option is
established, the shipments to the deconversion facility would approximately match the
generation rate, thus precluding the need for additional storage area.

C. The expansions, if required, will occur approximately every five years. Storage pad
expansion during facility operation will have negligible impacts on operation and
maintenance activities. The construction effort would be adjacent to the existing storage
pad segment(s) in use at the time. Construction activities would be coordinated so as
not to impact pad operations or maintenance activities associated with storage,
inspection, and maintenance of UBCs.

D. The current schedule shows that production from the first cascade is estimated to start in
2008 and completion of facility construction in 2013. The first UBC Storage Pad
segment would be completed once the first cascade goes into production or shortly
thereafter to store the Uranium byproduct produced by the first cascade. As explained
above, subsequent UBC Storage Pad segments would be built only if needed as the
facility continues to operate without the ability to send the Uranium byproduct to a
deconversion facility.

The potential radiological impact to construction crews for expansion of the UBC Storage
Pad by segment has been evaluated. The maximum individual dose to a construction
worker is estimated to be about 2.66 mSv (266 mrem). For an estimated work force of
91 people and 47,181 total craft hours for the construction of each pad segment, the
collective dose is about 0.208 person-Sv (20.8 person-rem). The dose estimates were
based on expected dose rates at various distances from the edge of a full UBC Storage
Pad.

Work planning will consider additional As Low As Reasonably Achievable (ALARA)
aspects such as the use of temporary shadow shields (i.e., 'Jersey Barriers") between
the end of an existing storage pad segment containing UBCs and the segment under
construction, rotation of work crews, increasing the distance between the closest row of
cylinders on the UBC Storage Pad and the construction area by initiating work prior to
when the existing storage pad segment is full, and the placement of relatively high dose
rate empty (heels only) cylinders on the far side away from the work area. Construction
work will be coordinated with routine plant operations and maintenance activities on the
UBC Storage Pad to preclude any hazardous events impacting the construction crews.
The construction crews will be monitored for radiation exposure and receive appropriate
training commensurate with the radiological risk during UBC Storage Pad construction
activities.
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2-5 Depleted Uranium:

A. Provide LES's determination on whether the depleted uranium is a waste or a
resource material.

* Section 4.13.3.1.3 notes that 'NRC expects LES to indicate in its proposed NEF
license application whether the depleted uranium tails will be treated as a waste
or a resource' and that "lES will make a determination as to whether the
depleted uranium is a resource or a waste and notify the NRC."

B. Provide an update on actions to identify and finalize a viable disposal path for the
depleted uranium.

Section 4.13.3.1.1 states that LES is committed to aggressively pursue
economically viable disposal paths for the disposition of UBCs.

LES Response

A. LES will provide information on the determination on whether the depleted Uranium is a
waste or a resource material to the NRC in the near future.

B. Discussions are continuing with Cogema that may potentially lead to a Memorandum of
Agreement regarding a contract between Cogema and LES for the deconversion of
byproduct produced at the NEF. In addition, LES has been approached by ConverDyn,
the company that operates the only Uranium conversion plant in the U.S, and another
company in the Uranium business about building a private deconversion facility. In fact,
ConverDyn is interested in using the hydrogen fluoride (HF) byproduct from the
deconversion plant in its operating Uranium conversion plant. These discussions are
continuing.
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SECTION 3- DESCRIPTION OF AFFECTED ENVIRONMENT

Pursuant to 10 CFR 51.45(b), the ER is required to contain a description of the affected
environment.

3-1 Geology and Soils:

A. Provide information on the existing soil contamination due to chemicals at the
proposed NEF.

* Section 3.3 discusses geological characteristics of the soil, but specific physical
or chemical data is lacking.

B. Clarify whether Red Bed Ridge is associated with the Mescalero Escarpment or if
it is the result of other structural/erosional activity in Section 3.3.

C. Clarify whether single values estimating the thickness of the geological units
represent averages across the proposed NEF site in Table 3.3-1.

D. Provide the average value when a range of depth or thickness is stated for the
various materials in Table 3.3-1.

E. Provide a range of values when a single value of thickness is stated.

LES Response

A. ER Section 3.1 1.1.1 describes ten surface soil samples that were previously collected for
initial radiological characterization of the NEF site. Eight additional surface soil samples
were subsequently collected and analyzed for both radiological and non-radiological
chemical analyses. Radiological chemical analyses included gamma spectrometry,
thorium, and Uranium products. Non-radiological chemical analyses included volatiles,
semi-volatiles, 8 Resource Conservation and Recovery Act (RCRA) metals,
organochlorine pesticides, organophosphorous compounds, chlorinated herbicides and
fluoride. Six of the additional eight soil sample locations were selected to represent
background conditions at proposed plant structures. The other two sample locations are
representative of up-gradient, on-site locations. The eight soil samples and their
approximate locations are provided on Figure ER RAI 3-1A, 'Soil Sample Locations," in
Attachment 3 to this submittal and in Table ER RAI 3-1 A.1, 'NEF Site Soil Sample
Locations," in Attachment 2 to this submittal.

The radiological analytical results for the eight soil samples are provided in Table ER
RAI 3-1A.2, 'Radiological Chemical Analyses of NEF Site Soil," in Attachment 2 to this
submittal. A comparison of the radiological analytical results and the results reported in
ER Section 3.11.1.1 shows that the radiological nuclides detected in the eight additional
soil samples included the same radiological nuclides detected in the initial ten soil
samples. However, two additional radiological nuclides (Th-230 and U-235) were
detected in the more recent soil samples. Th-230 was not analyzed in the initial ten soil
samples and a lower laboratory measured minimum detectable concentration (MDC) for
U-235 was used in the analyses for the eight additional soil samples than was used for
the initial ten soil samples. Th-230 is naturally occurring and associated with the decay
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of U-238. Similar to U-234 and U-238, U-235 is a natural Uranium isotope found in the
environment.

The non-radiological analytical results provided for the eight soil samples in Table ER
RAI 3-1A.3, "Non-Radiological Chemical Analyses of NEF Site Soil," in Attachment 2 to
this submittal indicate that barium, chromium and lead were detected above laboratory
reporting limits in all eight soil samples. However, their detected levels are below State
of New Mexico Soil Screening Levels as developed by the NMED Hazardous Waste
Bureau, the Ground Water Quality Bureau and the Voluntary Remediation Program
(Technical Background Document for Development of Soil Screening Levels, Revision 2,
February 2004, published by NMED). Other non-radiological parameters were not
detected at levels above the laboratory reporting limits.

LES will incorporate the radiological and non-radiological analytical results for the eight
samples in the next revision to the ER.

B. The Red Bed Ridge and the Mescalero Escarpment are not associated with one another.
LES will revise ER Section 3.3 to clarify that the Red Bed Ridge and the Mescalero
Escarpment are not associated and to provide additional information concerning the Red
Bed Ridge in the next revision to the ER.

The Red Bed Ridge is a prominent buried ridge developed on the tipper surface of the
Triassic Dockum Group 'red beds." The crest of the buried Red Bed Ridge is
approximately 1.6 km (1 mi) or so in width and extends for at least 160.9 km (100 mi) in
length from northern Lea County, New Mexico, through western Andrews County, Texas,
and southward into Winkler and Ector Counties in Texas. The Red Bed Ridge runs from
the northwest to the southeast, just north and northeast of the NEF site through the
adjacent Wallach Quarry and Waste Control Specialists (WCS) properties. The
designation Red Bed Ridge derives from geologic reports related to site investigations for
the nearby WCS facility. Its origin appears to be the result of the relative resistant
character of the claystone of the Chinle Formation and to caliche deposits that cap the
ridge.

The NEF is located about 6.2 to 9.3 km (10 to 15 mi) southeast of the Mescalero
Escarpment. Although the Mescalero Escarpment and the Red Bed Ridge are likely to
have originated due to similar geomorphological processes, as both appear to be
remnant erosional features, they are not associated with each other.

C, D, and E.

LES will revise ER Table 3.3-1 to clarify the information on depth and thickness of the
surlicial materials. The revised table is provided as Table ER RAI 3-1C.1, "Geological
Units Exposed At, Near, or Underlying the Site," in Attachment 2 to this submittal.
Ranges and averages are provided when available. The deeper units are based on
information from a single source and ranges or averages are provided, as applicable.
The revised table also factors in additional data obtained since the table was originally
prepared. Revisions to ER Table 3.3-1 will be incorporated in the next revision to the
ER.
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3-2 Water Resources:

Provide an explanation for the units of the chemicals listed below U-238 in Table 3.4-3.
Specifically, explain the use of negative values.

LES Response

The data listed for U-238 and below in Table 3.4-3 is from the analysis of site ground water for
radionuclides. The results listed are levels of radioactivity given first in pCi/L followed by Bq/L in
parentheses. Revisions to ER Table 3.4-3 to explain the negative values and clarify the units of
the analyses will be incorporated in the next revision to the ER.

Some of the radionuclide results given in Table 3.4-3 are negative. It is possible to calculate
radioanalytical results that are less than zero, although negative radioactivity is physically
impossible. This result typically occurs when activity is not present in a sample or is present
near background levels. Laboratories sometimes choose not to report negative results or results
that are near zero. The EPA does not recommend such censoring of results.

The laboratory performing the radioanalytical services for the NEF site follows the
recommendations given in EPA Report: EPA 520/1-80-012;1980: Upgrading Environmental
Radiation Data; Health Physics Society Committee Report HPSR-1, Washington, D.C. This
report recommends that all results, whether positive, negative, or zero, should be reported as
obtained.
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4-2 Water Resources Impacts:

A. Provide a complete water balance table identifying the estimated flow rates
(maximum and minimum) discharged to each of the wastewater basins identified
in Section 4.4.7 and the anticipated evaporation, soil adsorption, or
evapotranspiration on a monthly basis.

B. Provide the basis for assuming that the sand and gravel layer at the surface is
laterally and wholly indurated across the entire proposed NEF site.

* In Section 3.3, it appears there is an assumption being made that the sand and
gravel layer at the surface is laterally and wholly indurated across the entire
proposed NEF site. The limited information from the geotechnical borings does
not support this assumption.

C. Discuss the contaminant pathways in a lateral direction to a groundwater source
within the subsurface (i.e., contaminant migration beyond the bounds of the
proposed NEF within the sand and gravel layer above the Chinle formation).

Section 4.4.2 includes discussions on contaminant pathways only in a vertical
direction to a groundwater source and not in a lateral direction within the
subsurface.

D. Discuss the potential for water or other liquids from spills or pipeline leaks to
migrate and flow along the base of the Chinle Formation.

* In the construction of the proposed NEF, the site would be subject to borrow and
fill from onsite. The sand and gravel "fill" could be a pathway for water or other
liquids from spills or pipeline leaks. The water or liquids may flow along the base
of the fill area in an apparent southwesterly direction based on the slope of the
Chinle Formation.

E. Provide any impacts to the surrounding land if the site stormwater retention basin
overflows.

LES Response

A. Complete water balances for each of the basins identified in ER Section 4.4.7 are
provided in Table ER RAI 4-2A. 1 a,-"Water Balance for Treated Effluent Evaporative
Basin (Minimum Scenario)," Table ER RAI 4-2A.1 b, 'Water Balance for Treated Effluent
Evaporative Basin (Maximum Scenario)," Table ER RAI 4-2A.2a, "Water Balance for
UBC Storage Pad Stormwater Retention Basin (Minimum Scenario)," Table ER
RAI 4-2A.2b, 'Water Balance for UBC Storage Pad Stormwater Retention Basin
(Maximum Scenario)," Table ER RAI 4-2A-3a, 'Water Balance for Site Stormwater
Detention Basin (Minimum Scenario)," and Table ER RAI 4-2A.3b, 'Water Balance for
Site Stormwater Detention Basin (Maximum Scenario)," in Attachment 2 to this submittal.

The water balances consider the following components:

* Direct precipitation falling within the basin berms for all 3 basins.
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* Stormwater runoff for the UBC Storage Pad Stormwater Retention Basin and the
Site Stormwater Detention Basin.

* Other inflows (i.e., discharge from Liquid Effluent Collection and Treatment
System for the Treated Effluent Evaporative Basin and cooling tower and heating
boiler blowdown for the UBC Storage Pad Stormwater Retention Basin).

* Evaporation for all 3 basins.

* Infiltration for the Site Stormwater Detention Basin. The Treated Effluent
Evaporative Basin and the UBC Storage Pad Stormwater Retention Basin are
lined. Therefore, infiltration is not considered for these basins.

The water balances include the following inputs and assumptions:

* The minimum and maximum monthly precipitation values are based on data from
Hobbs, New Mexico. The annual minimum and maximum precipitation amounts
were distributed by month using the average annual distribution by month. Use of
the minimum precipitation amounts provides a minimum discharge scenario. Use
of the maximum precipitation amounts provides a maximum discharge scenario.
These data were used in lieu of ER Table 3.6-1 B which provides the extreme
maximums and minimums for each month at Hobbs over a 30-year period of
record. The information in ER Table 3.6-1 B is not representative of what would
occur over a very dry or very wet calendar year.

* The discharge from the Liquid Effluent Collection and Treatment System for the
Treated Effluent Evaporative Basin was based on the expected average monthly
flow.

* The cooling tower blowdown was based on the expected average annual
discharge. Monthly distribution will not be available until final design.

* The heating boiler blowbown was based on the expected average annual
discharge. This component is relatively small and is not expected to vary
significantly month by month.

• Annual evaporation at the site is 203.2 cm (80 in) per year. Monthly distribution
was based on information from Roswell, New Mexico.

* Monthly infiltration capacity in the Site Stormwater Detention Basin was
conservatively assumed as 61 cm (24 in).

* No credit is taken for outflows from the Site Stormwater Detention Basin through
the discharge outlet. Any such flows will eventually infiltrate, evaporate or
evapotranspirate.
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The tables provide the monthly balance (inflow minus outflow). A positive value indicates
that the inflow components exceed the outflow components for the respective basin. A
negative value indicates that outflow components will dispose of the entire monthly inflow
for the respective basin. The tables also provide the monthly net in the basin. A non-
zero value indicates that the basin will contain standing water.

The results for the Treated Effluent Evaporative Basin show that basin outflow due to
evaporation will exceed all inflows on a monthly basis for the minimum discharge
scenario with the exception of the winter months. Under the maximum discharge
scenario, the basin would have standing water in it for most of the year.

The results for the UBC Storage Pad Stormwater Retention Basin show that basin
outflow due to evaporation will exceed all inflows on a monthly basis under both
discharge scenarios, except for one winter month under the maximum discharge
scenario.

The results for the Site Stormwaler Detention Basin show that basin outflow due to
evaporation and infiltration will exceed'all inflows on a monthly basis under both
discharge scenarios. Prior to final design of the basin, it is not possible to accurately
estimate the distribution of infiltration and evaporation. Al this stage in the design, it is
reasonable to assume that the basin outflow will be 50 % by infiltration and 50 % by
evaporation. Of the amount that infiltrates into the ground, most is expected to
eventually return to the atmosphere via evapotranspiration by vegetation growing within
and in the vicinity of the basin. As shown in Table ER RAI 4-2A.3, the combination of
both potential infiltration and potential evaporation are more than sufficient to dispose of
basin inflows on a monthly basis.

B. The five borings are not sufficient to adequately define subsurface conditions for final
design purposes, but they are acceptable for judging the feasibility of developing the site.
Assuming that the borings are generally representative of subsurface conditions, the site
is considered acceptable for the facility structures supported on a system of shallow
foundations.

During final design, additional geotechnical investigations will be undertaken to collect
more information on the sand and gravel layer.

C. As discussed in ER Section 3.4.15, the nine groundwater exploration borings were
performed in the sand and gravel layer above the Chinle Formation and no groundwater
was detected. During drilling, only one of the borings produced cuttings that were slightly
moist at 1.8 to 4.2 m (6 to 14 ft) below ground surface; other cuttings were very dry.
Based on this, it is concluded that a continuous groundwater aquifer does not exist in this
layer under the NEF site. Since there is no consistent groundwater in this layer, it does
not provide a likely contaminant pathway in the lateral direction.

Due to the lack of groundwater in this layer, potential contamination would travel laterally
at very small rates, if at all. The travel time to downstream users through a lateral
contaminant pathway would be significant. The lack of ground water in this layer is
supported by information from the adjacent Waste Control Specialists (WCS) ground
water investigations.
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D. During a May 14, 2004, conference call between LES and NRC representatives, the
NRC provided a clarification for RAI 4-2D. RAI 4-20 should read: Discuss the potential
for water or other liquids from spills or pipeline leaks to migrate and flow along the top of
the Chinle Formation."

Engineered fill will be used during site preparation. The engineered fill will likely be
placed against the existing dense sand and gravel layer in some locations, as required.

As discussed in ER Section 3.4.15, the nine groundwater exploration borings were
performed in the sand and gravel layer above the Chinle Formation and no groundwater
was detected. During drilling, only one of the borings produced cuttings that were slightly
moist at 1.8 to 4.2 m (6 to 14 ft) below ground surface; other cuttings were very dry.
Based on this, it is concluded that a continuous groundwater aquifer does not exist in the
sand and gravel layer under the NEF site. Since there is no consistent groundwater in
this layer, it does not provide a likely contaminant pathway in the vertical direction.
Addition of on-site fill is not expected to alter this situation.

Due to the lack of groundwater in the sand and gravel layer, potential contamination
would travel laterally at very small rates, if at all. The travel time to downstream users
through a lateral contaminant pathway, would be significant.

The potential for water or other liquids from spills or pipeline leaks to introduce sufficient
amounts of liquid to saturate the sand and gravel layer to a point where significant
contaminant migration reaches and flows along the top of the Chinle Formation, is
considered unlikely.

E. The Site Stormwater Detention Basin will be designed to accommodate the 24-hour,
100-year return frequency storm. That storm delivers 15.2 cm (6 in) of rain in 24 hours.
In addition, the basin has 0.6 m (2 ft) of freeboard beyond the design capacity. The
basin will also be designed to discharge post-construction peak flow runoff rates from the
outfall that are equal to or less than the pre-construction runoff rates from the site area.
The water quality of the discharge will be typical of runoff from building roofs and paved
areas from any industrial facility. Except for small amounts of oil and grease typically
found in runoff from paved roadways and parking areas, the discharge is not expected to
contain contaminants.

During a rainfall event larger than the design basis, the potential exists to overflow the
basin if the outfall capacity is insufficient to pass beyond design basis inflows to the
basin. Overflow of the basin is an unlikely event. The additional impact to the
surrounding land over that which would occur during such a flood alone, is assumed to
be small. Therefore, potential overflow of the Site Stormwater Detention Basin during an
event beyond its design basis is expected to have a minimal impact to surrounding land.
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4-11 Cumulative Impacts:

A. Provide the Walvoord and WCS referenced and unreferenced documentations
for air (e.g., meteorological tower data), ground water (e.g., sample well
information), and soil (e.g., soil analysis).

Sections 3.3, 3.4, 4.4.2, and 4.6.4 cite or reference data obtained from WCS
(such as Rainwater, 1996; TTU, 2000; WBG, 1998) and other sources
(Walvoord, 2002) for the site characteristics.

B. Provide an assessment of the cumulative impacts from the proposed NEF
construction and operations in relationship to existing and planned Quarry, Lea
County Landfill, and WCS operations including the increase in total suspended
particulate.

C. Describe potential releases from the proposed low-level radioactive waste
disposal facility planned by WCS.

LES Response

A. LES has provided a compact disc as an enclosure to this submittal containing electronic
files for the WCS meteorological data (as received from WCS). Also included are files
that provide information on the data channels and units used by WCS. A file listing
follows.

Filename: BKO01 1.TXT -- Data from October 15,1999 to December 8, 2000
Filename: RAD 1 5.TXT - Data from November 24, 2000 to January 4, 2002
Filename: RAD 1 7.TXT - Data from November 28, 2000 to August 29, 2002
Filename: RAD 1 9.TXT - Data from December 29,2002 to August 5, 2003
Filename: WCS Meteorological DataFormat.doc - Format of provided data

The document referenced by Walvoord, 2002, is copyrighted by the American
Geophysical Union. The following is the information necessary to obtain a copy:

Deep Arid System Hydrodynamics,- 1. Equilibrium States and Response Times in Thick
Desert Vadose Zones, Water Resources Research, Vol. 38, No. 12, pp. 44-1 to 44-15,
M.A. Walvoord, M.A. Plummer, and F.M. Phillips, 2002,

Copies of the following documents referenced in the ER are enclosed in Attachment 6 of
this submittal:

Rainwater, 1996 Evaluation of Potential Groundwater Impacts by the WCS Facility in
Andrews County, Texas, Prepared for Andrews Industrial Foundation,
K. Rainwater, December 1996.

TTU, 2000 Geology of the WCS-Flying W Ranch, Andrews County, Texas,
Prepared for Andrews Industrial Foundation, Texas Tech University
Water Resources Center, April 2000.
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WBG, 1998 Atomic Vapor Laser Isotope Separation (AVLIS), New Mexico,
Technical Appendices, submitted by the State of New Mexico and
Waste Control Specialists, LLC.

Copies of additional reports prepared by others that are enclosed in Attachment 6
include:

RCRA Permit Application for a Hazardous Waste Storage, Treatment and
Disposal Facility, Andrews County, Texas, Section VI, Geology Report, prepared
for Waste Control Specialists, Inc., prepared by Terra Dynamics Incorporated,
March 1993.

Waste Control Specialists, 2002 Annual Groundwater Monitoring Report,
prepared for Waste Control Specialists, LLC, prepared by Cook-Joyce, Inc.,
January 25, 2003.

Waste Control Specialists, Section VI, Geology Report, prepared for Waste
Control Specialists, prepared by Cook-Joyce, Inc. and Intera, Inc., February 2004.
(Includes main body of report, all tables, Figurcs 6.0-1 through 6.4-17 and
Plates 6.2-2 and 6.2-3)

Copies of reports prepared for LES in support of the NEF that are enclosed in
Attachment 6 include:

Hydrogeologic Investigation, Section 32; Township 21 Range 38, Eunice, New
Mexico, prepared for Lockwood Greene Engineering & Construction, prepared by
Cook-Joyce, Inc., November 19, 2003.

Report of Preliminary Subsurface Exploration, Proposed National Enrichment
Facility, Lea County, New Mexico, prepared for Lockwood Greene, prepared by
MACTEC Engineering and Consulting, Inc., October 17, 2003.

Groundwater Radiological Analytical Report for Monitoring Well MW-2, First
Sampling Event, analyzed by Framatome ANP Environmental Laboratory,
October 30, 2003.

Groundwater Radiological Analytical Report for Monitoring Well MW-2, Second
Sampling Event, analyzed by Framatome ANP Environmental Laboratory,
November 26, 2003.

Groundwater Radiological Analytical Report for Monitoring Well MW-2, Third
Sampling Event, analyzed by Framatome ANP Environmental Laboratory, April
27, 2004.

Groundwater Non-radiological Analytical Report for Monitoring Well MW-2, First
Sampling Event, analyzed by Severn Trent Laboratory, November 19, 2003.

Groundwater Non-radiological Analytical Report for Monitoring Well MW-2,
Second Sampling Event, analyzed by Severn Trent Laboratory, December 22,
2003.
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Groundwater Non-radiological Analytical Report for Monitoring Well MW-2, Third
Sampling Event, analyzed by Severn Trent Laboratory, May 6, 2004.

Soil Radiological Analytical Report, First Sampling Event, analyzed by
Framatome ANP Environmental Laboratory, November 5, 2003.

Soil Radiological Analytical Report, Second Sampling Event, analyzed by
Framatome ANP Environmental Laboratory. April 27, 2004.

Soil Non-Radiological Analytical Report, Second Sampling Event, analyzed by
Severn Trent Laboratory, April 29, 2004.

B. An assessment of cumulative impacts of [he proposed NEF, in combination with
neighboring facilities, during construction and operation is provided in ER Section 2.3. In
particular, the assessment includes a discussion on potential decrements in air quality
due to increase in total suspended particulates (TSPs). Most cumulative impacts (i.e.,
TSPs and noise) will occur during the eight-year construction period of the NEF with the
majority occurring during the peak three-year period of site preparation and major
building construction. Construction related cumulative impacts will, however, be
transient. In addition, a lack of nearby receptors will limit any adverse impacts during this
three-year period. Cumulative impacts during operation of the NEF will be less.

LES is not aware of any planned changes in future operations at the nearby quarry or the
landfill. WCS is in the process of preparing a license application for a low-level
radioactive waste disposal facility. Depending on whether WCS receives a license,
some additional construction may occur at some point in the future at WCS.

C. WCS is presently planning to submit their low-level radioactive waste disposal facility
license application later this year. It is expected that this application will provide
information on potential releases from the proposed low-level radioactive waste disposal
facility. Accordingly, information on potential releases from this planned facility is not
available at this time. It is expected that cumulative effects of the operation of the low-
level radioactive waste facility and the NEF will be addressed as part of the licensing
process for the WCS facility.
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SECTION 6 - ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS

Pursuant to 10 CFR Part 20, licensees are required to conduct surveys to demonstrate
compliance and that radioactive material in effluent discharges are kept as low as reasonably
achievable.

6-1 Water Resources:

A. Discuss the reason for the lack of any radiological or chemical sampling of the
septic tank and leach field in Section 6.1.2.

B. If such monitoring is planned, provide information on the program.

C. Provide the locations of all groundwater sampling wells on Figure 6.1-2.

Figure 6.1-2 legend indicates that groundwater samples would be taken at two
locations to be determined at a later date. Groundwater would be sampled for
radionuclides, metals, organics and pesticides. No rationale is provided for where
the groundwater wells that would be necessary to take the samples would be
located in orientation to the proposed NEF and to each other.

D. Clarify which of these wells would act as a background well and which aquifer is
being sampled.

E. Clarify whether background monitoring well location would consider and avoid
potential cross contamination from WCS and other surrounding industrial
activities.

F. Describe the discharges that would occur from the outfall of the site stormwater
detention basin (Item 7 on Figure 6.1-1).

G. Describe the water quality features of the discharges, the surface feature
receiving the discharge from this outfall, and any impacts on the highway or
surrounding facilities (e.g.. Lea County Landfill).

H. Provide a discussion on any impacts of discharges from the outfall of the
diversion ditch and associated mitigative measures (Item 5 on Figure 6.1-1).

1. Justify why the lower limits of detection (LLD) shown in Table 6.2-1 are higher
than EPA action limits for some of the proposed analyses.

Table 6.2-1 shows the LLD for metals to be 5 parts per million (ppm) whereas the
EPA limit for lead is 0.5 ppm.

J. Describe how the surface water testing program complies with the State of New
Mexico Standards for Interstate and Intrastate Surface Waters.

LES Response

A. The septic systems will receive only typical sanitary wastes. No plant process related
effluents will be introduced into the septic systems. Each septic lank will, however, be
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periodically sampled (prior to pumping) and analyzed for isotopic Uranium. The septic
tanks are upstream of the leachfields. Any Uranium that is in the system that could reach
the leachfields would be detected in the septic tanks. Therefore, no sampling will he
performed at the leachfields. No chemical sampling of the septic systems is planned
because no plant process related effluents will be introduced into the septic system.

B. The septic tank monitoring described in RAI 6-1A will be included in the site
environmental monitoring program.

C. The locations of the groundwater sampling (monitoring) wells are shown on Figure ER
RAI 6-1C, "Groundwater Monitoring Well Locations," in Attachment 3 to this submittal.
The rationale for the locations is based on the slope of the red bed surface at the base of
the shallow sand and gravel layer and the groundwater gradient in the 70 m (230 ft)
groundwater zone to the south under the NEF site and proximity to key site structures.
Two monitoring wells will be located down-gradient of the site basins, two will be located
down-gradient of the UBC Storage Pad and one will be located up-gradient of the UBC
Storage Pad and all site facilities.

D. The background monitoring well, MW-i, is shown on Figure ER RAI 6-1C. Monitoring at
this location will occur in both the shallow sand and gravel layer on top of the red bed
and in the 70-m (230-ft) groundwater zone. Groundwater in the sand and gravel layer
was not encountered at the NEF site during groundwater investigations. Although not an
aquifer, it will be monitored since it is the shallowest layer under the NEF site. The 70-m
(230-ft) zone contains the first occurrence of groundwater beneath the NEF. Although
not strictly meeting the definition of an aquifer, which requires that the unit be able to
transmit 'significant quantities of water under ordinary hydraulic gradients," this layer will
also be monitored.

E. The background monitoring well, MW-1, is located on the NEF property, up-gradient of
the NEF and cross-gradient from the WCS facility. This location is intended to avoid
potential contamination from both facilities, i.e., NEF and/or WCS.

With respect to other surrounding industrial activities, the Wallach Quarry and the
Sundance Services "produced water" lagoons north of the NEF site have some potential
to introduce contaminants that could reach MW-1. The contaminants of concern for
those facilities should be readily differentiated from potential contaminants from the NEF.

F. The normal discharge from the basin will be through evaporation and infiltration into the
ground. During high precipitation runoff events, some discharge may occur from the
outfall. The basin and outfall are designed to discharge post-construction peak flow
runoff rates from the outfall during these high runoff events that are equal to or less than
the pre-construction runoff rates from the site area.

G. The water quality of the discharge will be typical of runoff from building roofs and paved
areas from any industrial facility. Except for small amounts of oil and grease typically
found in runoff from paved roadways and parking areas, the discharge is not expected to
contain contaminants. The surface feature receiving the discharge is the north side of
New Mexico Route 234. Several culverts presently exist under the road that transmit
runoff to the south side of the road. Since post-construction flows will not increase over
pre-construction flows, there will be no additional impact on the highway or surrounding
facilities.
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H. The purpose of the diversion ditch is to safely divert surface runoff from the area
upstream of the NEF around the east and west sides of the NEF structures during
extreme precipitation events. There is no retention or attenuation of flow associated with
this feature. The east side will divert surface runoff into the Site Stormwater Detention
Basin. The basin is designed to provide no flow attenuation for this component of flow.
The west side will divert surface runoff around the site where it will continue on as
overland flow. Since there are no modifications or attenuation of flows, there are no
adverse impacts and no mitigative measures are required.

I. In the next revision to the ER, Table 6.2-1 will be revised to reflect that the lower limits of
detection (LLD) for all analyses listed in Table 6.2-1 will meet the applicable EPA limits.

J. The basins at the NEF do not meet the definition of surface water' in the State of New
Mexico. Waste water treatment systems, treatment ponds or lagoons are not surface
waters of the State, unless they were originally constructed in waters of the State or
resulted in the impoundment in surface waters of the State. State of New Mexico
Standards for Interstate and Intrastate Surface Waters provide an anti-degradation policy
applicable to defined surface waters and are not applicable to the NEF surface water
testing program, because the basins do not meet the definition of 'surface waters" in the
State of New Mexico. In addition, as determined by the US Army Corps of Engineers,
there are no jurisdictional surface waters in the area (See the response for RAI 1-1 A).
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Table ER RAI 3-1A.2 Radiological Cheniical Analyses of NEF Site Soil

Comparative Soil
Concentration
-Bqkg (pCilkg)

Analytical Results (From ER

Bqlkg (pCi/kg)L .. ' Section 3.11.1.1)

Sample SS-2 SS-6 SS-9 SS-11 SS-12 SS-13 SS-15 SS-16
No.

Nuclide"'

6.7 5.6 6.2 6.5 7.6 6A 5.8 7A.
AcTh-228 8.1 (218)42)

(181) (151) (168) (175) (205) (172) (156) (201)

4.3 3 3.1 3.1 2.1 1.2 2.7 3.3
Cs-137 2.82 (76.3)~'3

Cs __3 (115.5) (80.7) (84) (83.5) (57.6) (32.6) (74) (89.9) _

137.8 140 135.2 138.9 133.7 135.6 143 139.6 2
K-40 130 (3.500)"2
K4 (3720) (3780) (3650) (3750) (3610) (3660) (3860) (3770)

5.4 7.7 5.7 6.5 7.7 7.4 7.8 7.4
Th-228 8.1 (218)'2

(146) (207) (154) (175) (207) (199) (211) (200)

Th230 5.8 5.0 5.9 5.7 6 5.5 6 6.8 NA(4)

(157) (136) (160) (155) (163) (149) (161) (183)

7.6 6 6.1 6.7 7.3 7.2 7.7 7
Th-232 .8.1 (218)42

( (204) (163) (164) (181) (196) (194) (207) (188) 8.1 (2

5.9 6.1 6.2 6.1 5.9 5.3 6.0 6.1
U-234 .12 (333)42)

_ (159.2) (165) (168.4) (165.4) (159.4) (143) (161.5) (165.4)

0.24 0.25 0.39 0.43 0.41 0.36 0.28 0.24
U-235 NAi44

(6.6) (6.7) (10.6) (11.6) (11.1) (9.7) (7.5) (6.4) __

5.4 5.9 6 6.2 6 5.8 5.8 5.7
UJ-238 12 (333)424

(146.8) (158) (161.2) (168.5) (162.5) (157.6) (156.4) (152.8) 12 (333

Notes:
1. No other nuclides were detected above their laboratory measured MDC.
2. Typical lower end range value.
3. Average in NEF site soils. Credited to past weapons testing fallout.
4. Typical soil concentration data is not available.



Table ER RAI 3-1C.1 Geological Units Exposed At, Near, or Underlying the Site

Geoot gic ,. Estimates for the NEF Site Are(az1,}. -
Formation Age Descriptions Depths: m(ftf ' Thickness: m (.- .

Silty fine sand with Range: 0 to 0.6 (0 to 2) Range: 0.3 to 0.6 (1 to 2)
Topsoils Recent some fine roots -

eolian Average: 0 to 0.4 (0 to 1.4) Average: 0.4 (1.4)

Mescalero Range (sporadic across site): Range (sporadic across
Sands/ Dune or dune- 0 to 3 (0 to 10) site): 0 to 3 (0 to 10)
Blackwater Quatemary related sands
Draw
Formation Average: NAt4 1 Average: NA!I"

Pecos Valley
alluvium: Sand and Rne . o1

Gatunia/ Pleistocene/ silty sand with Range: 0.3 to 17 (I to 55) Range: 6.7 to 16
Antlers mid- interbedded caliche
Formation Pliocene near the surface and Average: 0.4 to 12 (1.4 to 39) Avea 12 38

a sand and gravel average: (3)
base layer

Range: 1.8 to 12 (6 to 38) Range: 0 to 6 (0 to 20)

Average: 3.7 to 8 (12 to 26) Average (all 14 borings)42 t:
Mcscalero Soft to hard calcium 1.4 (5)
Caliche Quaternary carbonate deposits

Average (five borings that
encountered caliche):
4.3 (14)

Range: 7 to 340 (23 to 1.115) Range: 323 to 333
Chinle Triassic Claystone and silty (1,060 to 1,092)
Formation clay: red beds Average: 12 to 340

(39 to 1,115) Average: 328 (1,076)
Range: 340 to 434 Range: NA'3

Santa Sandy red beds, (1.115 to 1,425)
Rosa Triassic conglomerates and
Formation shales 4

Average: NA/~ )Average: 94 (310)
Range: 434 to 480 Range: NA3I'

Dewey Permian Muddy sandstone (1,425 to 1,575)
Lake and shale red beds

Average: NA4) Average: 46 (150)

Notes:
1. Range of depths is below ground level to shallowest top and deepest bottom of geological unit

determined from site boring logs, unless noted.

Average depths are below ground level to average top and average bottom of geological unit
determined from site boring logs, unless noted.

Range of thickness is from the smallest thickness to the largest thickness of geological unit
determined from site boring logs, unless noted.

Average thickness is Ihe average as determined from site boring logs, unless noted.

Bottom of Chinfe Formation, top and bottom of Santa Rosa Formation and top and bottom of
Dewey Lake Formation are single values from a deep boring just south of the NEF.

2. Caliche is not present at some locations of the site. Where not present in a particular boring, a
thickness of '0' m (ft) was used in calculating the average.

3. Range of thickness is not available.
4. Average depths are not available.
5. Average thickness is not available.



Table ER RAt 4-2A.1a Water Balance for Treated Effluent Evaporative Basin
(Minimum Scenano)

Treaed .Potential

Preci.iit.tion Elf TEtnet :T:aI . .. Evaporation Balance
'nInfow to - Inflcw to inflow to,~ Evaporation *Outflow Inflow ' Net

-ation Basin Bas n i'~ln ; M'kh fromnasi - oi In Basin

)Mnth'~ (in) gl .jgal) (gal) _________ (gal) (a) gl

0.5 40 211 251 42 128 124 124
JAN (0.2) (10.508) (55.824) (66,332) (1.7) (33,694) (32.638) (32.638)

FEB 0.7 56 211 267 10.1 307 -40 84
(0.3) (14,711) (55,824) (70,535) (4.0) (81.069) (-10,534) (22.104)

MAR 0.5 40 211 251 22.4 679 -428 0
MAR (0.2) (10,508) (55.824) (66.332) (8.8) (179.292) (-112,96) (0)

APR 0.8 64 211 275 28.0 850 -575 0
(0.3) (16,813) (55.824) (72,636) (11.0) (224,625) (-151,989) (0)

2.6 207 211 418 24.5 743 -325 0
MAY (1.0) (54,641) (55,824) (110,465) (9.6) (196,241) (-85,775) (0)

2.0 159 211 370 23.4 710 -340 0
JUN (0.8) (42,032) (55,824) (97.856) (9.2) (187,664) (-89,808) (0)

2.4 191 211 402 22.1 670 -268 0
JUL (0.9) (50,438) (55,824) (106,262) (8.7) (177.045) (-70.783) (0)

2.5 199 211 410 20.7 628 -218 0
AUG (1.0) (52.540) (55,824) (108,364) (8.2) (166,018) (-57.655) (0)

3.0 247 211 458 19.9 604 -147 0
SEP (1.2) (65,149) (55,824) (120,973) (7.8) (159,688) (-38,715) (0)

1.4 111 211 323 12.2 371 -48 0
OCT (0.5) (29,422) (55,824) (85,246) (4.8) (98,018) (-12,772) (0)

0.9 72 211 283 8.8 267 1 5 15
NOV (0.3) (18,914) (55,824) (74,738) (3.5) (70,655) (4,083) (4.083)

0.7 56 211 267 6.9 209 58 74
DEC (0.3) (14,711) (55,824) (70.535) (2.7) (55,135) (15,400) (19,483)

Totals 17.8
(7.0)

1.440
(380.389)

2,536 3.975
(669,884) (1,050,273)

203.2
(80.0)

6,167
(1,629,144)

_____I________ 1________1______J_______._____



Table ER RAI 4-2A.1b Water Balance for Treated Effluent Evaporative Basin
(Maximum Scenario)

:Total C .Treated Potential B~c
Precipitation Effluent Total Evaporation,

inflow to Inflow to Inflow to Evaporation Outfkw | Inflow - Neit
Precipitation Basin Basin Basin; per Month from Basin Outflow In Basin

cm ' m3: a 1cm *, ma i a
Month (in) " (gai) (gal) (.* (gal)o (in)gal) (gal) .(gl

J 2.0 163 211 375 4.2 128 247 247
JAN (0.8) (43,174) (55.824) (98,998) (1.7) (33,694) (65,304) (65.304)

FEB 2.8 229 211 440 10.1 307 133 380
0(11) (60,444) (55.824) (116.268) (4.0) (81,069) (35.199) (100.503)

MAR 2.0 163 211 375 22.4 679 -304 76
(0.8) (43.174) (55.824) (98,998) (8.8) (179.292) (-80.294) (20,209)

APR 3.2 261 211 473 28.0 850 -377 0
(1.3) (69.079) (55,824) (124,903) (11.0) (224,625) (-99.722) (0)

MAY 10.5 850 211 1,061 24.5 743 318 318
M (4.1) (224,507) (55.824) (280,331) (9.6) (196,241) (84.090) (84,090)

JUN 8.1 654 211 865 23.4 710 155 473
JU (3.2) (172,698) (55.824) (228,521) (9.2) - (187,604) (40.857) (124.947)

L 7 784 211 996 22.1 670 326 799
JUL _ (3.8) (207,237) (55.824) (263,061) (8.7) (177,045) (86.016) (210.963)

AUG 10.1 817 211 1,028 20.7 628 400 1,199
_ (4.0) (215,872) (55,824) (271,696) (8.2) (166,018) (105,677) (316,640)

SEP 12.5 1,013 211 1,225 19.9 604 620 1,819
(4.9) (267,681) (55,824) (323,505) (7.8) (159.688) (163.817) (480.458)

OCT 5.7 458 211 669 12.2 371 298 2,116
(2.2) (120,888) (55.824) (176.712) (4.8) (98,018) (78,694) (559.151)

NOV 3.6 294 211 505 8.8 267 238 2,354
_ _ (1.4) (77,714) (55,824) (133,538) (3.5) (70,655) (62.883) (622.034)

DEC 2.8 229 211 440 6.9 209 231 2,586DEC (1.1) (60,444) (55.824) (1 16,268) (2.7) (55,135) (61,133) (683.167)

Totals 73.1
(28.8)

5,916
(1,562,914)

2.536
(669.884)

8,451
(2,232,798)

203.2
(80.0)

6.167
(1,629,144)



Table ER RAI 4-2A.2a Water Balance for UBC Storage Pad Stormwater Retention Basin
(Minimum Scenario)

Total :1 Biowdow.--7 Potential,, Blane

.recipitatiof. Inflow to Total , . Evaporation Net

Inflow to Basin Inflow to - Evaporation Outfloin Infow- in

Precipitation -:Basin (gBas-n per;Month . aromB si4 Outflow :Basin

cmm - (a) Outfow asi

(i___ - n) - (gal) g. :--- $ a 1- a (ina '-'s q (gal 5
MFoth_ _ _ _ _ _ _ _ I__ _ _ _ _ _ _ _ _ _ _ g l)( g l

JAN 0.5 398 1,604 2,002 4.2 3.061 -1,059 0
(0.2) (105,080) (423.875) (528.955) (1.7) (808,650) (-279,695) (0)

FEB 0.7 557 1,604 2,161 10.1 7.365 -5,203 0
(0.3) (147,112) (423.875) (570.987) (4.0) (1.945,661) (-1.374,674) (0)

MAR 0.5 398 1,604 2,002 22.4 16,287 -14,285 0
(0.2) (105,080) (423.875) (528,955) (8.8) (4.302.999) (-3,774,044) (0)

APR 0.8 636 1,604 2,241 28.0 20,406 -18.165 0

(0.3) (168,128) (423.875) (592.003) (11.0) (5,391.000) (-4.798.998) (0)

MAY 2.6 2,068 1.604 3.673 24.5 17,827 -14.154 0
(1.0) (546.415) (423.875) (970,290) (9.6) (4,709,774) (-3.739.484) (0)

JUN 2.0 1,591 1.604 3.195 23.4 17.048 -13,853 0
(0.8) (420,319) (423,875) (844,194) (9.2) (4,503,936) (-3,659,742) (0)

JUL 2.4 1.909 1,604 3,514 22.1 16.083 -12.570 0
(0.9) (504.383 (423.875) (928,258) (8.7) (4.249.089) (-3,320,831) (0)

AUG 2.5 1.989 1,604 3.593 20.7 15.082 -11.488 0
(1.0) (525,399) (423,875) (949,274) (8.2) (3.984,439 (-3.035.165) (0)

SEP 3.0 2.466 1,604 4,070 19.9 14,507 -10,436 0
(1.2) (651.495) (423,875) (1,075,370) (7.8) (3,832.511) (-2.757.142) (0)

OCT 1.4 1,114 1.604 2,718 12.2 8,904 -6,186 0
(0.5) (294,223) (423,875) (718,098) (4.8) (2,352,437) (-1,634.338) (0)

NOV 0.9 716 1,604 2,320 8.8 6,418 4,098 0
(0.3) (189,144) (423.875) (613.019) (3.5) (1.695,715) (-1,082,696) (0)

DEC 0.7 557 1,604 2,161 6.9 5.009 -2.847 0
(0.3) (147,112) (423,875) (570,987) (2.7) (1.323.246) (-752.259) (0)

Totals I 17.8
(7.0)

14.398
(3,803,888)

19,253 33.651
(5,086,500) 1 (8,890.388)

203.2
(80.0)

147.996
(39.099,456)



Table ER RAI 4-2A.2b Water Balance for UBC Storage Pad Stormwater Retention Basin
(Maximum Scenario)

_Total Blowdown PotentialTotal SowdownBalance
-Precipitation Inflow to .Evaporation B Net

Inflow to Basin .Total 1laflo Evaporation Outfow Inowb- In
* Precipitation Basin . -to Basin per Month from Basipn .,Outflow Basin

crn -i i n3  (gl -iinicM in3.'
'Month ' (gal), (a . ____.______ (gal]) * : (gal). - m a'

A 2.0 1.634 1.604 3,239 4.2 3,061 178 178
J N 1(0.8) (431.723) (423,875) (855.598) (1.7) (808,650) (46,948) (46.948)

2.8 2.288 1.604 3.892 10.1 7,365 -3.472 0
1.1) (604.412) (423,875) (1.028.287) (4.0) (1.945,661) (-917.374) (0)

MAR 2.0 1,634 1.604 3,239 22.4 16,287 -13,049 0
(0.8) (431.723) (423.875) (855,598) (8.8) (4,302,999) (-3,447.400) _(0)

APR 32 2.615 1,604 4,219 28.0 20,406 -16,187 0
_ (1.3) (690.751) (423,875) (1,114.632) (11.0) (5.391.000) (-4,276.368) (0)

Y 10.5 8,497 1,604 10,102 24.5 17,827 -7,725 0
MAY (4.1) (2.244,960) (423,875) (2,668,835) (9.6) (4,709,774) (-2.040,939) (0)

JUN 8.1 6.536 1,604 8,141 23.4 17,048 -8,907 0
J (3.2) (1.726,893) (423,875) (2,150.768) (9.2) (4,503,936) (-2.353.168) (0)

L 9.7 7,844 1,604 9.448 22.1 16,083 -6,635 0
(3.8) (2.072.271) (423,875) (2,496,146) (8.7) (4.249,089) (-1,752.942) (0)

AUG 10.1 8,171 1,604 9,775 20.7 15,082 -5,307 0
(4.0) (2,158,616) (423.875) (2,582,491) (8.2) (3,984,439) (-1.401,949) (0)
12.5 10,132 1.604 11,736 19.9 14,507 -2,771 0
(4.9) (2,676,684) (423,875) (3,100,559) (7.8) (3,832.511) (-731,953) (0)

OCT 5.7 4,576 1,604 6,180 12.2 8.904 -2,724 0
_ (2.2) (1,208.825) (423,875) (1,632.700) (4.8) (2,352,437) (-719,737) (0)

NOV 3.6 2,941 1.604 4,546 8.8 6.418 -1,873 0
(1.4) (777.102) (423,875) (1,200,977) (3.5) (1,695.715) (-494.738) (0)

DEC 2.8 2,288 1,604 3,892 6.9 5.009 -1,116 0
(1.1) (604,412) (423.875) (1.028,287) (2.7) (1,323,246) (-294,958) (0)

Totals I 73.1
(28.8)

59.155
(15.628,378)

19,253
(5,086.500)

78,408
(20,714.878)

203.2
(80.0)

147,996
(39,099,456)



Table ER RAI 4-2A.3a Water Balance for the Site Stormwater Detention Basin
(Minimum Scenario)

Total
Precipitation ' Evaporation + Potential, Balance

*Inflow tos .. Infiltration per Evaporation Outflow Inflow Net

: Precipitation Basin Month from Ba1irn, outflow : -in Basin

cm- cm 4-1
2~

M(in) (gal) .m . . ) w (gal) m- )

0.5 2,376 65.2 47.460 -45.084 0
JAN (0.2) (627,763) (25.7) (12.538.487) (-11.910,723) (0)

0.8 3.564 71.1 51.763 48.199 0
FEB (0.3) (941,645) (28.0) (13,675,498) (-12.733,853) (0)

0.5 2.376 83.3 60,686 -58.310 0
MAR (0.2) (627,763) (32.8) (16,032,835) (-15.405,072) (0)

0.8 3.564 89.0 64,804 -61,240 0
APR (0.3) (941.645) (35.0) (17,120.837) (-16.179.192) (0)

2.5 11,881 85A 62,226 -50,345 0
MAY (1.0) (3.138,817) (33.6) (16,439,611) (-13.300.793) (0)

2.0 9,505 84.4 61,447 -51,942 0
JUN (0.8) (2,511.054) (33.2) (16.233.773) (-13.722.719) (0)

2.3 10,693 83.0 60,482 49,789 0
JUL (0.9) (2.824,936) (32.7) (15.978.925) (-13.153,990) _ (0)

2.5 11.881 81.7 59.480 47,600 0
AUG (1.0) (3,138,817) (32.2) (15,714.276) (-12.575.459) _ (0)

3.0 14,257 80.9 58,905 44,648 0
SEP (1.2) (3,766,581) (31.8) (15,562,348) (-11,795.767) (0)

1.3 5,940 73.2 53,303 -47.363 0
OCT (0.5) (1,569,409) (28.8) (14,082.273) (-12.512,865) (0)

0.8 3,564 69.8 50,817 47,253 0
NOV (0.3) (941,645) (27.5 (13.425.551) (-12.483.906) (0)

0.8 3.564 67.8 49.407 -45,843 0
DEC (0.3) (941.645) (26.7) (13.053.082) (-12,111.437) (0)

Totals 17.8
(7.0)

83,166
(21.971.722)

934.7
(368.0)

680,782
(179.857,498)

_.-



Table ER RAI 4-2A.3b Water Balance for the Site Stormiwater Detention Basin
(Maximum Scenario)

Iocptfln Bsn F.06 -ton* frome~tla-. w> -

,', i ; N #.Vapo aP m .j68i, \ __

JAN 2.0 9,445 65.2 47.460 -38.014 0
(0.8) (2,495.360) (25.7) (12.538.487) ( 10.043.127) (0)

FEB 2.8 13,223 71.1 51,763 -38,540 0
(1.1) (3,493,504) (28.0) (13.675.498) (-10,181,994) (0)
2.0 9,445 83.3 60,686 -51,241 0
(0.8) (2,495,360) (32.8) (16.032.835) (-1 3.537,475) (0)

APR 32 15,112 89.0 64.804 49.692 0
(1.3) (3,992.576) (35.0) (17.120.837) (-13,128,261) (0)

MAY 10.5 49,115 85.4 62,226 -13.111 0
(4.1) (12,975,871) (33.6) (16.439.611) (-3.463,740) (0)

JUN 8.1 37.781 84.4 61,447 -23,666 0
(3.2) (9,981.439) (33.2) (16,233.773) (-6,252,333) (0)

JUL 9.7 45.337 83.0 60.482 -15,145 0
(3.8) (11.977.727) (32.7) (15,978,925) (4,001,198) (0)

AUG 10.1 47.226 81.7 59,480 -12,254 0
(4.0) (12.476.799) (32.2) (15.714,276) (-3,237.477) (0)

SEP 12.5 58.560 80.9 58.905 -345 0
(4.9) (15,471.231) (31.8) (15.562.348) (-91.117) (0)

OCT 5.7 26.447 73.2 53.303 -26,856 0
(2.2) (6,987,008) (28.8) (14.082.273) (-7.095,266) (0)

NOV3.6 17.001 69.8 50.817 -33,816 0
0(1.4) (4.491,648) (27.5) (13,425.551) (-8.933,904) (0)

DEC 2.8 13,223 67.8 49.407 -36,184 0
(1.1) (3.493,504) (26.7) (13,053,082) (-9,559,579) (0)

Totals 73.1
(28.8)

341,918
(90,332.027)

934.7
(368.0)

680.782
(179,857,498)
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ATTACHMENT 3

Louisiana Energy Services
Response to April 29, 2004,

Request for Additional Information

Figures Referenced from Responses



The following figures are referenced in responses to various RAls:

* Figure ER RAI 2-1, Location of Current C02 Line.

• Figure ER RAI 2-2. Planned Septic Tank System Locations.

• Figure ER RAI 2-7C.1. Aerial View of Eddy County Site.

* Figure ER RAI 2-70.1, Contributions by Grouped Criteria.

* Figure ER RAI 2-7D.2, Contributions by Criteria.

* Figure ER RAI 3-1A, Soil Sample Locations.

* Figure ER RAI 3-3, Comparison of Wind Direction Data.

* Figure ER RAI 3-4A, County Map, Proposed Area of Critical Environmental Concern
(ACEC), Lesser Prairie Chicken.

* Figure ER RAI 4-1.1, Aerial View.

* Figure ER RAI 4-1.2, View to the Northwest.

* Figure ER RAI 4-1.3, View to the East.

* Figure ER RAI 4-1.4, View to the South.

* Figure ER RAI 4-1.5, View to the West.

a Figure ER RAI 4-4D, Release Point Locations.

* Figure ER RAI 6-1C, Groundwater Monitoring Well Locations.
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ATTACHMENT 4

Louisiana Energy Services
Response to April 29, 2004,

Requests for Additional Information

Letter Dated March 12, 2004, from J. Mace (US Army Corps of Engineers)
to G. Harper (Framatome-ANP)

Regarding the Absence of Corps of Engineers' Jurisdictional Waters on the NEF Site



,. DEPARTMENT OF THE ARMY
ALBUQUERQUE DISTRICT, CORPS OF ENGINEERS

EL PASO REGULATORY OFFICE
1PO BOX 6096

FORT BLISS TX 79906-0096

March 17, 2004

Operations Division
Regulatory Branch

George Harper
FRAMATONE ANP, INC.
Solomon Pond Park, 400 Donald Lynch Blvd
Marlborough, MA 01752

Dear Mr. Harper:

This replies to the March 15, 2004, field inspection that I
conducted with you and Denise Gallegos regarding the proposed
National Enrichment Facility in Eunice, Lea County, New Mexico.
We have assigned Action No. 2004 00170 to this activity. The
proposed construction site is located in Section 32, Range 38
East, Township 21 South.

We have evaluated the information you provided and studied
the project description, other records, and documents available
to us. Additionally, as referenced, I visited the site on March
15, 2004. We concur with your findings that no waters of the
United States are located within the project site and that there
are no Corps of Engineers' jurisdictional waters on the site.
Therefore, the project is not regulated under the provisions of
Section 404 of the Clean Water Act and a Department of the Army
permit will not be required.

Our disclaimer of jurisdiction is only for Section 404 of the
Federal Clean Water Act. Other Federal, state and local laws may
apply to the activities. Therefore, you should also contact
other Federal, state and local regulatory authorities to
determine whether the activities may require other authorizations
or permits.

This jurisdictional determination will be valid for 5 years
from the date of this letter unless new information warrants
revision of the determination within that time.

If you have any questions, please feel free to contact me at
(915) 568-1359 or e-mail me at james.e.inaceiusace.army.mil. For



-2-

more information about the regulatory program, please see our web
site at www.spa.usace.army.mil/reg.

Sincerely

Chief, El Paso Regulatory Office

Copies furnished:

El Paso
NMED



The following documents are provided in this attachment in response to requests contained In
RAI 3-4B, RAI 3-4C, and RAI 4-1 1:

• Atomic Vapor Laser Isotope Separation (AVLIS), New Mexico, Technical Appendices,
submitted by the State of New Mexico and Waste Control Specialists, LLC.

• Evaluation of Potential Groundwater Impacts by the WCS Facility in Andrews County.
Texas, Prepared for Andrews Industrial Foundation, K. Rainwater, December 1996.

* Geology of the WCS-Flying W Ranch, Andrews County, Texas, Prepared for Andrews
Industrial Foundation, Texas Tech University Water Resources Center. April 2000.

* Groundwater Non-radiological Analytical Report for Monitoring Well iMW-2. First
Sampling Event, analyzed by Severn Trent Laboratory. November 19,2003.

* Groundwater Non-radiological Analytical Report for Monitoring Well MW-Z Second
Sampling Event, analyzed by Severn Trent Laboratory, December 22, 2003.

* Groundwater Non-radiological Analytical Report for Monitoring Well MW-2 Third
Sampling Event, analyzed by Severn Trent Laboratory, May 6, 2004.

* Groundwater Radiological Analytical Report for Monitoring Well MW-2, First Sampling
Event, analyzed by Framatome ANP Environmental Laboratory. October 30. 2003.

* Groundwater Radiological Analytical Report for Monitoring WeN MW-2, Second
Sampling Event, analyzed by Framatome ANP Environmental Laboratory, my
November 26, 2003.

* Groundwater Radiological Analytical Report for Monitoring Well MW-2, Third Sampling
Event, analyzed by Framatome ANP Environmental Laboratory. April 27, 2004.

* Hydrogeologic Investigation, Section 32: Township 21 Range 38, Eunice, New Mexico,
prepared for Lockwood Greene Engineering & Construction, prepared by Cook-Joyce.
Inc.. November 19, 2003.

* Lesser Prairie-Chicken (Tyrnpanuchus pallidicinctus), Area of Critical Environmental
Concern (ACEC). A Petition to the New Mexico BLM, by Ken Stinnett.

* Lesser Prairie-Chicken Surveys on the National Enrichment Facility Proposed Project
Site, Eagle Environmental, Inc., May 2004

* RCRA Permit Application for a Hazardous Waste Storage, Treatment and Disposal
Facility, Andrews County, Texas, Section VI. Geology Report, prepared for Waste
Control Specialists, Inc., prepared by Terra Dynamics Incorporated. March 1993.

* Report of Preliminary Subsurface Exploration, Proposed National Enrichment Facility,
Lea County. New Mexico, prepared for Lockwood Greene, prepared by MACTEC
Engineering and Consulting, Inc., October 17,2003.

• Soil Radiological Analytical Report, First Sampling Event, analyzed by Framatome ANP
Environmental Laboratory, November 5, 2003.



* Soil Radiological Analytical Report, Second Sampling Event, analyzed by Framatome
ANP Environmental Laboratory, April 27, 2004.

a Soil Non-Radiological Analytical Report, Second Sampling Event, analyzed by Sevem
Trent Laboratory, April 29. 2004.

* Waste Control Specialists, 2002 Annual Groundwater Monitoring Report. prepared for
Waste Control Specialists. LLC, prepared by Cook-Joyce. Inc., January 25, 2003.

* Waste Control Specialists, Section VI, Geology Report, prepared for Waste Control
Specialists, prepared by Cook-Joyce, Inc. and Intera, Inc., February 2004. (Includes
main body of report, all tables, Figures 6.0-1 through 6.4-17 and Plates 6.2-2 and 6.2-3)
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GEOTECHNICAL INVESTIGATION

ENGINEERING ANALYSIS

FOR

WASTE CONTROL SPECIALISTS INC.

LANDFILL PROJECT

ANDREWS COUNTY, TEXAS

INTRODUCTION

A Geotechnical Investigation and Engineering Analysis for

the above referenced project located in Andrews County, Texas

was authorized by Mr. Allen Messenger of A.M. Environmental,

Austin, Texas on 15 October 1992. The purpose of the

investigation was to determine subsurface soil conditions and

materials at the site and to obtain samples for laboratory

testing. Based on our boring logs and laboratory tests an

engineering analysis was performed to determine foundation

stability, slope stability and soil permeability as well as

other design parameters for the proposed hazardous waste

landfill.

SCOPE

The scope of the project included the following:

1. Reconnaissance of the project site to observe physical

features, vegetation and access to the property.

1I )
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2. Surveying grid system on the site on 500 foot intervals and

obtaining elevations at each grid point. Topographic

survey of entire site and areas outside the site for a

distance of 1000 feet.

3. Mobilization and demobilization of office trailer, storage

building, electrical service, equipment, van truck, logging

trailers, water tank and drill rigs to the site.

4. Drilling, logging and sampling 55 soil borings using air

rotary and air coring to depths of 100 feet to 300 feet.

5. Drilling, logging and sampling 12 soil borings to depths of

45 feet to obtain rock cores.

6. Wrapping and packaging core samples in core boxes and

properly storing on site prior to shipping to laboratory.

Transporting samples to the laboratory in Austin, Texas.

7. Laboratory testing including but not limited to Unified

Soils Classifications, Moisture Contents, Unit Weights,

Atterberg Limits, Unconfined Compression Tests,

Permeabilities, Triaxial Tests, Consolidation Tests,

Moisture/Density Relationships and Direct Shear Tests.

8. Installation of eight monitor wells (4 inch PVC) and six

piezometers (2 inch PVC) and coordinating the installation

of wells with Terra Dynamics, Inc.

9. Monitoring groundwater levels in open bore holes prior to

plugging and in water wells and piezometers.

10. Plugging of all bore holes with cement bentonite slurry.

2
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11. Preparing a written engineering report with grid survey,

topographic survey, boring location plan, soil boring logs,

laboratory test results and water level data. Preparing

engineering analyses including soil permeability, slope

stability, foundation stability, settlement analyses and

recommendations for landfill design.

LOCATION AND SITE DESCRIPTION

The proposed landfill site is located in Andrews County,

Texas approximately 34 miles west of Andrews, Texas on State

Highway 176 (see location on State Highway Map - Figure 1). The

site is located approximately 0.5 miles north of the Highway on

the Flying "W" Diamond Ranch. The initial grid survey area

consists of approximately 485 acres of undeveloped ranch land.

The landfill area will be 100 acres in size with approximate

dimensions of 1100 feet by 4000 feet. The terrain consists of

gently sloping grass covered ranch land with scattered small

mesquite trees. The proposed landfill site is bordered by a

gravel ranch road on the west that parallels the Texas-New

Mexico state line. An oil well location exists approximately

2500 feet south of the landfill site. An overhead power line

borders the site on the east. The site slopes gradually from

north to south changing in surface elevation from approximately

3480 feet to 3440 feet above mean sea level.

3 )
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Several surface depressions exist on the landfill site and

are locally referred to as buffalo wallows. These depressions

are believed to have been formed by the dissolution of the

carbonaceous caliche deposits near the surface or from natural

depressions in the Triassic red bed clay formation below.

SITE SURVEY AND GRID LAYOUT

The project site was selected by Mr. Allen Messenger after

preliminary borings indicated shallow depths to red bed clay in

the area. Grid layout with approximate size of 6000 feet by

4500 feet was surveyed by Mr. James E. Tompkins, (R.P.S.)

Engineering and Surveying of Andrews, Texas. Grid points were

staked on the site at 500 foot intervals. Grid points were

lettered from north to south A through J and numbered from east

to west 1 through 13. The Texas-New Mexico State line running

north to south has a bearing of N 0 0'0"W. The grid lines A

through J have a bearing of S 650 0' 0" E. The grid lines 1

through 13 have a bearing of S 250 0'0" W.

Additional surveying was performed by Tompkins Engineering

and Surveying to provide adequate topographical information both

inside and outside the grid to depict surface physical features

on a one foot contour interval. The benchmark for the project

is located at the state line marker located..1600 feet north of

State Highway 176 with an elevation of 3484.75 feet MSL. A Grid

Survey and Topography Map is shown in Figure III.
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FIELD INVESTIGATION

The drilling and sampling was accomplished with a 1974

Model Midway 1300 and 1977 Model Midway 1500 owned and operated

by Scarborough Drilling, Inc. from Lamesa, Texas. These truck

mounted rigs are equipped with direct rotary table, 550 CFM air

compressors, mud pump, 2 7/8 inch diameter -drill stem, 3 1/2

inch drill stem, tri-cone roller bits, drag bits, 3 foot core

barrel and 10 foot core barrels.

Initially all holes were continuously sampled by air coring

with 4 3/4 inch O.D. Christian Core barrels producing 2 118 inch

diameter core samples. Where bit wear was excessive in hard

limestone or conglomerate then tri-cone roller bits were used

until hard layers were penetrated. Where soft layers were

encountered and recovery using air coring was poor, split spoon

(1.4 inch diameter) samples were obtained using rig pull-down.

The investigation consisted of drilling, logging and

sampling a total of 55 bore holes (see Generalized Boring

Location Plan - Figure IV). Of the 55 holes a total of 14 holes

were continuously air cored in the upper caliche (hard limestone

and sandstone deposits) to depths ranging from 9 feet to 53 feet

deep. The remaining holes were drilled with straight air rotary

in the upper caliche layers and cuttings were continuously

sampled, logged and visually classified. All 55 holes were

continuously sampled (air coring) from the top of the red bed

(Triassic) using both split spoon samples and 2 1/8 I.D.
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Christianson core barrels. Continuous coring intervals varied

from lengths of 4 feet to 10 feet depending on the type of soils

encountered.

The initial investigation consisted of drilling and

continuous air coring all bore holes to depths of 100 feet with

selected holes extended to depths of 200 feet. At six

piezometers and three monitor well locations the bore holes were

extended to depths ranging from 260 feet to 300 feet and either

continuously cored or air rotary drilled and cuttings were

logged to accurately describe the geology and classify the

soils. These nine holes were also used for geophysical logging

that was coordinated by Terra-Dynamics, Austin, Texas. The

geophysical logs and core logs were then compared and correlated

by Terra-Dynamics. A total of 12 holes were drilled with a CME

55 Rig equipped with a mud rotary NXB Christianson Wireline

system (1.875 diameter core) for the purpose of obtaining rock

cores from the upper limestone (caliche) formation. These holes

varied in depth from 12 feet to 36 feet below the existing

grade. The total recovery as well as Rock Quality Designation

(RQD) is shown on the individual boring logs. All rock cores

were visually classified and logged in the field and samples

were wrapped with plastic and stored in wooden core boxes and

transported to the lab. A table depicting boring numbers, grid

locations, boring depth and date of boring is shown in the Soil

Boring Summary in Appendix II.
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All core samples were examined and visually classified,

logged in the field prior to wrapping and placing in cardboard

core boxes. Grab samples from air rotary cuttings were also

visually classified and logged and placed in ziploc plastic bags

and stored in cardboard boxes. All core boxes were properly

labeled with boring number and grid location, date, sample

intervals and transported to the laboratory of Jack H. Holt &

Associates, Inc. in Austin, Texas for testing and storage.

LABORATORY TESTING

The laboratory testing program included tests to determine

the engineering characteristics and properties of the soil and

rock samples obtained from the drilling and sampling program.

These tests include soil classification, shear strength,

plasticity, density, moisture, grain size analysis, and

permeability. All laboratory tests were run in strict

accordance with ASTM Standards using up-to-date calibrated

testing equipment and apparatus as required by those standards.

The laboratory testing program was performed under the

supervision and direction of Dr. Jack H. Holt, Ph.D., P.E.

Listed below is a list of the specific laboratory tests and

their appropriate ASTM Designation:

1. Classification of soils according to the "Unified Soil

Classification System" (ASTM D2487-90).

2. Sieve Analysis of soils including Minus No. 200 Mesh

Sieve and Hydrometer Analysis (ASTM D-422-63).

7
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3. Moisture Content of Soils (ASTM D-2216-90).

4. Unit Weight Tests.

5. Atterberg Limits Tests including Liquid Limits,

Plastic Limits (ASTM D-4318-84).

6. Unconfined Compressive Strength - clay soils (ASTM D-

2166-91).

7. Unconfined Compression Tests - rock specimens (ASTM D-

2938-68).

8. Triaxial Tests.

9. Permeability Tests using both flexible wall and rigid

permeameters (ASTM D-5084-90).

10. Moisture-Density Relationship Tests using Modified

Proctor (ASTM D-1557-91) and Standard Proctor (ASTM D-

698-91).

11. Consolidation Tests.

The results of all laboratory tests can be found in

Appendix I. Laboratory test results are also shown on the

individual boring logs at the appropriate depth.

SUBSURFACE CONDITIONS

The subsurface soil conditions are described in more detail

by the attached Logs of Borings found in Appendix II. In

general the soil conditions consist of a thin (one foot or less)

layer of brown organic sandy silt overlying a formation of white

or tan caliche. The caliche consists of crumbly to very hard

cemented sand, conglomerate limestone rock, sandy silt and
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gravel. At the base of the caliche strata lies a sand and P

gravel layer that varies in thickness from 0 feet to 20 feet.

The depth of the caliche layer including the sand and gravel

strata below ranges from approximately 9 feet to 53 feet across

the investigated area.

Below the caliche lies a formation of reddish brown silty

clay (red bed clay) that extends to termination of the borings

at 100 feet to 300 feet below the existing grade. The red bed

clay consists of a highly consolidated impervious mottled

reddish brown-gray clay, purple-gray silty clay, and yellowish

brown-gray silty clay. Siltstones and sandstones are found at

various depths and thicknesses across the grid area and vary in

color from red, tan, gray, pink and yellow. The depth to the

top of the red bed (Triassic-Dockum Group) varies across the

site from 9 feet (B-24) to 53 feet (B-1) and generally averages

12 feet to 30 feet deep through the center of the grid area

between Grid Lines C and E.

The red, reddish brown or purple silty clay soils range in

moisture content from 2.5% to 25% and generally average 8% to

12% in most of the borings.

Dry density of the clay soils range from 116 PCF to 145 PCF

and average 132 PCF.

Liquid Limits of the clays range from 35% to 55%.

Plasticity indices vary from 24 to 38. The clays vary in

percent passing the 1200 Mesh Sieve from 87% to 99.8%.
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A total of 36 vertical permeabilities and 6 horizontal

permeabilities were run on the reddish brown silty clays,

sandstones and siltstones. Vertical permeabilities range from

<1.OOx 10-9 cm/sec to 1.76 x 10-8 cm/sec for the clays.

Horizontal permeabilities range from 1.63 x 10O9 cm/sec to 1.10

x 10o8 cm/sec. The siltstones and sandstones found at depths of

56 feet to 90 feet range in vertical permeability from 2.58 x

10-8 cm/sec to 1.93 x 10-6 cm/sec. The horizontal permeability

averages 6.53 x 10-7 cm/sec. The siltstone at a depth of 208

feet has a permeability of 2.06 x10-8. The permeability tests

were run according to ASTM D-5084-90 using a flexible wall

permeameter under a constant head. De-aired tap water and a

.005N Ca S04 solution was used for the permeant liquid. The

permeabilities were calculated on both the inflow and outflow

and then averaged for the final result. The plot of Q x L vs T

x A x H for selected tests are shown graphically in the Steady

State Permeability Plots in Appendix I. Shown in each graph is

the plot for both inflow and outflow through the sample. The

slope of straight line is the permeability in cm/sec. A summary

of permeability test results including boring number, grid

location, soil classification, depth are shown in Permeability

Test Results, Appendix I.

Unconfined compression test on the clay soils range from 13.9

TSF to 49.7 TSF with an average of 30 TSF.
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GROUNDWATER

Water level measurements were made on open bore holes at 24

hours and 48 hours after completion. All borings were found to

be dry with the exception of B-7, B-4, B-10, B-20, B-30, B-20,

B-41 and B-41S. Groundwater was found at a shallow depths only

in borings B-41 and B-41S at 26 feet and 32.4 feet respectively.

Groundwater or damp sandstone/siltstone was encountered during

the drilling operation only in Borings B-7, B-21 and B-48 at

depths ranging from 200 feet to 220 feet below the existing

grade.

Piezometers (2 inch PVC pipe) were installed at four

locations (B-4, B-7, B-10 and B-20) with screened intervals

ranging in depths from 170 feet to 257 feet below the existing

grade. Water level measurements ranged from 149.8 feet to 187.8

feet below the existing grade on 14 January 1993.

Additional piezometers were installed at boring B-30 and

boring B-39 . These holes were dry at the time of this report.

Monitor wells were installed at grid locations 4-G, 9-G, and 6-B

to better define saturated zones and obtain hydrological data

for various zones. Details on construction of these wells are

depicted in the State of Texas, Well Reports in Appendix III.

Water level measurements for all piezometers and wells are found

in the Water Level Measurements, Appendix III. The groundwater

hydrology is discussed in more detail in the Terra Dynamics

Report.
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FOUNDATION STABILITY

The landfill floor elevation will be established at 3,400

feet. Maximum depth of the waste material will be 76 feet. A

16.5 foot thick cap is planned for the crest section which

slopes at 3% grade back to the containment dike. The clay cap

will be covered with a filter fabric and 2 feet of top soil. An

8 foot thick liner system will be placed between the waste

material and the impervious clay formation. A typical landfill

Section is shown below.

FIGURE VI

Typical Undfill Section
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Side walls of the slopes are lined with 10 feet of

compacted clay where the sands, gravel and rock exists. The

side wall is lined with 3 feet of compacted clay soil where cut

into the existing red bed clay. The floor liner is 8 foot

thick. Allowable bearing capacities for settlement and slope

stability analysis are based on laboratory strength tests of the

rock and in-situ clays, siltstones, sandstones and compacted

clay liner. Allowable bearing capacities with each stratum are

shown together with a corresponding Factor of-Safety.

TABLE I

Allowable
Stratum Bearing Factor
Description Capacity. PSF Safety

1. Compacted silty clay 10,100 2.3

2. Weathered limestone with
layers of rock & sands 35,000 3.5

3. Natural bedded clay 14,600 3.0

Assuming a maximum waste height of 98.5 feet to include

16.5 feet of compacted clay at the crest and an 8 foot liner,

the maximum pressure on the floor will be approximately 9,190

PSF. Considering these conditions, it is apparent the

supporting soils have adequate strength to support the landfill

with an acceptable margin of safety.

A. Slope Stability - The slope stability of the landfill

containment section was analyzed for the periods

during construction and after completion. An analysis

was made considering a containment side slope of 2:1;
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1.5:1 and a slope of 1:1. Computations for stability

were based on the following criteria developed from

laboratory tests using conservative results.

SLOPE CRITERIA

DEPTHS of af' o'f + 013 Of - a'3

(FT.)
2 2

29 - 30 34.5 132.0 83.3 48.8

51.0 208.0 129.5 78.5

23 - 25 34.5 154.0 94.3 59.8

51.0 200.0 125.5 74.5

WHERE:
a' = Normal Stress (PSI)
03 = Confining Stress (PSI)

Design parameters:

1. Friction Angle (4) = 361

2. Unit Weight y = 135 PCF

3.. Effective Cohesive Shear Strength C' 260 PSF

The slope stability analysis was made using the computer

program (PC STABL 5X) adopted by the Federal Public Road

Administration. This program was developed by the University of

Purdue under a federal grant program and is widely used

throughout the U.S.A.

The computer analysis calculates the ten most critical

failure circles based on the selected slope, friction angle 4,

cohesion and whether or not a compacted clay liner is

considered. The analysis computes the factor of safety for each
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failure circle. A graphical analysis depicting 10 failure

circles for each of the failure planes at various slopes are

shown in Appendix IV. The most critical condition is

highlighted by arrows. Slope conditions were considered without

the clay liner and omitting the effects of the cohesive strength

of the clays. Listed below in Table II are the results of the

analysis.

TABLE II

SLOPE STABILITY ANALYSISSUHMARY OF

COMPUTER SLOPE
No. RUN (HV

1 1:1

2 1.5:1

3 1.5:1

4 2:1

Co
E (PSF)

360 260

360 260

360 260

36° No
Cohesion

36O No
Cohesion

36° 260

WITH LINER
WIO LINER

With Liner

W/O Liner

With Liner

W/O Liner

With Liner

W/O Liner

MINIMUM
FA=U OF
SAFETY

1.54

1.52

1.73

1.47

1.90

2.36

5 2:1

6 2:1

C' = Effective Cohesive Shear Strength

All of the computer analysis were run with an internal

friction angle (0) of 360. This is considered to be a

conservative figure based on laboratory tests of the insitu

clays. The analysis clearly shows that a 2:1 slope with or

without the compacted clay liner will provide a safe stable

condition with a safety factor of 2.36. Computer run number 4
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and 5 indicate even under saturated conditions the 2:1 slope

would be stable.

B. Settlement Analysis - The groundwater table at the most

shallow depth is 150 feet below existing ground surface (as

of 2/15/93) and is not a consideration for calculation of

settlement. Therefore only elastic settlement is

considered and consolidation is not a factor. Since the

waste repository is considered as a flexible foundation and

therefore the elastic settlement is given by:

Se = Cd qB (1 - gLs/Es)

Where Se = elastic settlement
Cd = a parameter accounting for the shape of

the load area
q = distributed load
B = width of the foundation
As = Poisson's ratio of the soil
Es = Young's modulus of the soil

Based on the unit weights given in Figure VI, page 12, the

maximum elastic settlement (Se) at the center of the waste

repository when the complete landfill is loaded is calculated to

be 2.45 inches (see Appendix IV for our calculations).

BORE HOLE GROUTING

All bore hoes were grouted with a cement/bentonite slurry.

The bore holes were grouted after all water level measurement

were made and drilling was completed on the site. Because of

the hard dry clays and the absence of groundwater bore holes

generally remained open and there was little or no problem with
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II
caving or sloughing. Each hole was measured prior to grouting

to verify the depth was within one foot of the original drilling

depth. If not, the holes were redrilled with air rotary and the

bore hole was grouted immediately by pumping grout through a 2

inch PVC tremmie pipe from bottom to surface.

The grout mixture consisted of a ratio of 94 pounds

portland cement per 5 pounds bentonite per 12 gallons of water.

The grout was mixed at a local concrete redi-mix company within

2 miles of the site. The grout was poured into the open bore

hole from the chute of the redi-mix truck. Where caving or

sloughing of holes was a problem than centrifugal pump and

tremmie line was used to ensure that grout was forced from

bottom to top of the hole.

The original bore hole depth, the depth prior to grouting,

date grouted, truck number and amount of cement/bentonite used

was recorded by the technician.

REMARKS

This report has been prepared in order to aid in the

evaluation of this property and to assist the architect and

engineer in the design of the project. It is intended for use

with regard to specific projects discussed in general herein and

any substantial changes in locations or grades should be brought

to our attention so that we may determine how this may affect

our conclusions. If during the proposed construction, the soil

strata are found to differ from that reported here, we should be

17
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notified immediately. This report contains soil boring logs

which are for the purpose of arriving at foundation criteria and

are not to be used by the excavation contractor in arriving at

rock hardness or rock depth. The procedures, tests and

recommendations of this investigation and report have been

conducted and furnished in accordance with generally accepted

professional engineering practices in the field of foundations,

engineering soil mechanics and engineering geology. No other

warranty is either expressed or implied.

-~ CK ASJN HOLTV

a H
...

JHH/mco
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 13

Date: :3-18-97
Project No.: 95042.10

f Project: LEA COUNTY LANDFILL

--------===_====-------------------------------------------------==---------
Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes
…__ _ _ _ _ _ _ _ _ _ _ _ _ _-_-_ _-_ _ _ _ _ _ _ _ _.

Remarks: BORING: 111 DEPTH: 140.0'

Fig. No.:
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_-_ _-_-_-_ _ _ _ _ _ _ _ _ __-_ __-_-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

Mechanical Analysis Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- _-_-_ _-_-_ _-_-_ _ _ _ _ _ _ _ _ _ _ _

Initial
Dry sample and tare= 456.80
Tare = 0.00
Dry sample weight 456.80
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight =50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
X 20 0.00 100.0
# 40 0.00 100.0
i 60 0.10 99.8
i 100 0.30 99.4
i 200 0.60 98.8

_____________________________________________________________________________-

Hydrometer Analysis Data
______________________________________________________________________________

Separation sieve is number 10
Percent -i 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction oniy= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 13
____________ -- _ _ _ _ -- - - -- - - - -- - - -- - ------------------ _________-

Date: :2-18-97
Projecr No.: 95042.10

f Project.: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
.USCS Class: CL 'Liquid limit: NA
AASHTO Class: Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ _ _ _ _ _ - _ _ _ -_ _ _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

Notes
-___________________________-_____-___________________-___________________.

Remarks: BORING: 111 DEPTH: 140.0'

Fig. No.:
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- _ _ _ _ _ _ _ _ _.

Mechanical Analysis Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

Initial
Dry sample and tare= 456.80
Tare = 0.00
Dry sample weight = 456.80
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
( Cumulative weight retained tare= 0

-e for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 0.00 100.0
# 40 0.00 100.0
# 60 0.10 99.8
# 100 0.30 99.4

t# 200 0.60 98.8
______________________________________________________________________________

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction oniy= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989

t



Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0
1410.0
2850.0

Temp,
deg C
23.0
23.0
23.0
23.0
23.0
23.5
23.5
23.5
24.0
24.0
24.0
24.0

Actual
reading
51.0
49.0
48.0
47.0
45.0
42.0
38.0
33.5
27.0
20.5
13.0
10.5

Corrected
reading
48.2
46.2
45.2
44.2
42.2
39.3
35.3
30.8
24.'5
18.0
10.5
8.0

K

0.0130
0.0130
0.0130
0.0130
0.0130
0.0129
0.0129
0.0129
0.0128
0.0128
0.0128
0.0128

Rm Eff.
depth

52.0 7.8
50.0. 8.1
49.0 8.3
48.0 8.4
46.0 8.8
43.0 9.2
39.0 9.9
34.5 10.6
28.0 11.7
21.5 12.8
14.0 14.0
11.5 14.4

Diameter
Mn
0.0361
0.0261
0.0215
0.0188
0.0136
0.0098
0.0074
0.0054
0.0039
0.0025
0.0013
0.0009

Percent
finer
95.3
91 ..
89.'
87..
83.4
77.7
69.8
60.9
48.4
35.5
20.7
15.7

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a. + 3 in. = 0.0 . GRAVEL = 0.0 a SAND = 1.2
at SILT = 68.9 a CLAY = 29.9 (I CLAY COLLOIDS = 17.0)

*D85= 0.02 D60=
D30= 0.0020

0.005 D50= 0.004



GRAIN SIZE DISTRIBUTION TEST REPORT
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ . . . . ...__ _ _ _

Test1% +3"* % GRAVEL I % SAND % SILT |% CLAY
&* 7 0. °- .° 0.6 64.1 35.3
I i_ __ __I_ __ __I_ __ _ _I___ _ ___

| LL PI D85 D6 0  50 D30  D15  D1 0  Cc cu

| NA NA j 1 0.0037 0.0014 I _ __

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: Ill

* Location: HOBBS. NEW MEXICO
DEPTH: 200.0'

Dote: 12-4-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No. -



Date: 12-4-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 111 DEPTH: 200.01

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 372.50
Tare = 0.00
Dry sample weight = 372.50
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
Jieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 0.00 100.0
# 40 0.10 99.8
# 60 0.20 99.6
X 100 0.20 99.6
# 200 0.30 99.4

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.77
Specific gravity correction factor= 0.974



-------- -- *-

Ao
Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp. Actual
deg C reading
23.0 51.5
23.0 49.0
23.0 48.0
23.0 47.0
23.0 45.0
23.0 42.0
23.0 39.0
23.0 35.0
23.0 30.0
22.0 24.5
22.0 18.5
23.0 17.0

Corrected
reading
47.7
45.2
44.2
43.2
41.2
38.2
35.2
31.2
26.2
20.4
14.4
13.2

K

0.0127
0.0127
0.0127
0.0127
0.0127
0.0127
0.0127
0.0127
0.0127
0.0129
0.0129
0.0127

Rm Eff.
depth

52.5 7.7
50.0 8.1
49.0 8.3
48.0 8.4
46.0 8.8
43.0 9.2
40'.0 9.7
36.0 10.4
31.0 11.2
25.5 12.1
19.5 13.1
18.0 13.3

Diameter
Tm1
0.0352
0.0256
0.0211
0.0184
0.0133
0.0097
0.0072
0.0053
0.0038
0.0025
0.0012
0.0009

Percent
finer
92.9
88.0
86.1
84.1
80.2
74.4
68.5
60.7
51.0
39.8
28.1
25.7

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
av + 3 in. = 0.0 t GRAVEL = 0.0 a SAND = 0.6
t SILT = 64.1 % CLAY = 35.3 0; CLAY COLLOIDS = 26.4)

D85= 0.02 D60=
D30= 0.0014

0.005 D50= 0.004

(.



PERMEAE
TEST DATA:
Specimen Height (cm): 5.32
Specimen Diameter (cm): 6.15
Dry Unit Weight (pcf): 115.6
Moisture Before Test (%): 9.7
Moisture After Test (%): 17.1
Run Number: 1 0
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Bock Pressure(psi): 16.1
Diff. Head (psi): 10.9
Flow Rote (cc/sec):5.58u 10-5

Perm. (cm/sec): 1.11 10--

311LITY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 11

DEPTH: 200.0'
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

2 L
Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compaction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000

0

o

-J

0*

0

4>
I

Y
M

C)

0

6J

AE

0

Li

I:
LI
a.1

4

8
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16

20

1 x 10--7

8 x 10--a

6*x 10--8

4 x 10--a

2 x 10--8

1 x 10--

I

0 40 80 120
HYDRAULIC GRADIENT - dH/L (cm/cm)

160

Project: LEA COUNTY LANDFILL Project No-: 95042.10

Location: HOBBS, NEW MEXICO File No.: 95042.10

Date: 12-8-97 Lob No.: 3

Tested by: .JWM
PERMEABILITY TEST REPORT Cesked by: WS

Checked by: WsG

VEAVER BOOS CONSULTANTS, I NC. Test: CH - Constant heo'd



PERMEABILITY TEST DATA
… -=--= ==.= .= == = = =__ =_

PROJECT DATA

>. P'-oject Name:
e No.:

- .oject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 111
DEPTH: 200.0'
3
RED SILTY CLAY,
TR SAND
CORE

12-8-97'

FLEXIBLE WALL
JEM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

-Lameter:

Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.420 in
in

2.42 in

1
2.094 in
2.09 in

2
in
in
in

6.15 cm

2
in

5.32 cm

1
in

2.431 in
in

2.43 in

i
in 2.073 in

2.07 in

2
in
in
in

6.17 cm

2
in

5.27 cm

3 3
i1

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.77
320.70
292.30

0.00
9.7 ai

115.6 pcf
0.3314
54.3 C-

342.30
292.30

0.00
17.1 t

115.7 pcf
0.3307
95.9 %

-E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 5
…=



A'AS . ' C^ ns -a a- -a . a

Cell No.: 3 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 *C

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/12/97
12/12/97
12/13/97
12/14/97
12/15/97
12/15/97
12/15/97
12/16/97

13:19:00
16:55:00
11:46:00
15:33:00
6:32:00

12:12:00
16:36:00
6:29:00

0
12,960
80, 820

180, 840
234,780
255,180
271,020
321,000-

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

8.10
9.20

14.40
20.40
23.20
24.20
25.00
27.20

85.40
84.20
79.60
74.10
71.40
70.50
69.90
67.80

0.00
1.15
6.05

11.80
14.55
15.50
16.20
18.35

' -t Pressure = 27.0 psi Differential Head = 10.9 psi, 763.8 cm H20

. Adient = 1.436E 02 Flow rate = 5.583E-05 cc/sec R squared = 0.9930

Permeability, K27.00 = 1.310E-08 cm/sect K20° = 1.114E-08 cm/sec

P"ZE 2 WEAVER BOOS CONSULTANTS, INC. DATA SET
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______________ ---- ------- _ - --- - - -- - --------- _------_ _- ___________-

Date: 12-18-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: A-4 Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _-__-_-_ _ _ _ _ _ _ _ _ _ _ _ _
Notes

…__ _ _ _ _ _ _ _ _ _-_ _ _ _ _ __-_ _ _ _
Remarks: BORING: 111 DEPTH: 485.0'

Fig. No.:
…__ _- _____…_____________.

Mechanical Analysis Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Initial
Dry sample and tare= 409.50
Tare = 0.00
Dry sample weight = 409.50
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight 50
Cumulative weight retained tare= 0
*e for cumulative weight retained= 0
.ieve Cumul. Wt. Percent

retained finer
i 4 0.00 100.0
I 10 0.10 100.0
i 20 0.90 98.2
I 40 1.50 97.0
$ 60 2.10 95.8
I 100 2.80 94.4
i 200 3.60 92.8

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.01
Automatic temperature correction

Composite correction-at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.75



Hydrometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
time, min

1.0
( -.. 2.0

3.0
4.0
8.0
16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp, Actual
deg C reading
23.0 46.0
23.0 43.5
23.0 42.0
23.0 41.0
23.0 39.0
23.0 36.0
23.0 33.0
23.5 31.0
24.0 28.0
24.0 25.0
24.0 21.0
24.0 19.5

Corrected
reading
43.2
40.7
39.2
38.2
36.2
33.2
30.2
28.3
25.5
22.5
18.5
17.0

K R Eff.
depth

0.0128 47.0 8.6
0.0128 44.5 9.0
0.0128 43.0 9.2
0.0128 42.0 9.4
0.0128 40.0 9.7
0.0128 37.0 10.2
0.0128 34.0 10.7
0.0127 32.0 11.0
0.0126 29.0 11.5
0.0126 26.0 12.0
0.0126 22.0 12.7
0.0126 20.5 12.9

Diameter
Tm
0.0374
0.0271
0.0224
0.0196
0.0141
0.0102
0.0076
0.0054
0.0038
0.0024
0.0012
0.0009

Percent
finer
84.4
79.6
76.6
74.7
70.8
64.9
59.0
55.4
49.8
43.9
36.1
33.2

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 '. GRAVEL = 0.0 t' SAND = 7.2
* SILT = 51.0 a CLAY = 41.8 (t CLAY COLLOIDS = 34.5)

D85= 0.04 D60= 0.008 D50= 0.004

k



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
520 K wgan Ame. Chica L 60611- (312) 670-0041
1944 N Gifirrh Bhd, Unit C, G effd IN 46319* (219) 923-9609

WATER CONTENT DETERMINATION

Project LEA COUNTY LANDFILL
Location of Project HOBBS. NEW MEXICO
Description of Soil:_
Tested By: JM

Job No.: 95042.10
.Date of Testing: 12-4-97 THROUGH 12-18-97

- Date of Weighing:

Boring No. 108 108 104 108 109 102 101

Sample No. 215' 100 60.0' 150.0' 120.0 20.a 20.0'

Container No. (cup) sS AA AN AN A-12 A-12

Wt. of cup + wet soil 88.9 78.0 92.3 89.5 104.5 143.0 469.1

Wt of cup + dry soil 82.7 67.9 84.7 82.2 97.3 138.5 451.6

Wt of cup 14.7 15.1. 14.8 15.1 14.9 16.0 15.9

Wt of dry soil 68.0 52.8- 69.9 67.1 82.4 122.5 435.7

Wt. of water 6.2 10.1 7.6 7.3 7.2 4.5 17.

Water content (w)*% . 9.1 19.1 10.9 10.9 8.7 3.7 4.i

Boring No.

Sample No.

Container No. (cup)

Wt of cup + wet soil

Wt. of cup + dry soil

Wt. of cup

WL of dry soil

Wt. of water

Water content (w)* %

*w = (wt. of water/wt. of dry soil)^l00

Remarks:

axr*cts\9504210k12watco.)ds



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
52D N Licha A , Chicago. L 60611 (312) 670-0041
1944 N. Griffith Bhd. Lnit C. Griffdlt IN 46319 (2pi) 923-9619

ORGANIC AND WATER CONTENT DETERMINATIONS
ASTM D2974

Project LEA COUNTY LANDFILL
Location of Project: HOBBS, NEW MEXICO
Description of Soil:
Tested By: JM & WSG

Job No.: 95042.10
Date of Testing: 12-16-97 THROUGH 12-18-97
Date of Weighing:
Oven Temperature: 60-C
Furnace Temperature: 440'C

_(

MOISTURE CONTENT
Boring No. 111 103 104 111 110

Sample No. 140.0! 5.0! 4.0 485.1y 90.0 _

Container No. (cup) 45 106 222 TZ 45

Wt. of cup + wet soil 127.8 94.5 118.9 98 188.1

Wt of cup + dry soil 121.6 92.9 117.8 89.3 175.1

WL of cup 48.7 51.4 ' 54A 14.8 48.6

WI of dry soil 72.9 41.5 63.4 74.5 126.5

Wt. of water 6.2 1.6 1.1 8.7 13

Water content (w)% 8.5 3.9 1.7 11.7 10.3

ORGANIC CONTENT

Borng No. 111 103 104 111 110

Sample No. 140.0' 5.0 _ 4.0' 485.0' 90.0'

Container No. (cup) . 45 106 222 190 45

Init. wt of cup + oven dry soil 121.6 92.9 117.8 126.9 175.1

Final wtL of cup + burnt soil 119.4 92.5 117.4 124.3 169.9

W of cup 48.7 51.4 54.4 52.4 48.6

Wt. of oven dry soil 72.9 41.5 63.4 74.5 126.5

WI Loss 2.2 0.4 0.4 2.6 5.2

Organic content (LOI)-% 3.0 1.0 0.6 3.5 4.1

'w = (wL of waterfwt. of dry soil)'1 00
"LOI = (wt. loss/wt. of dry sol)-100

Remarks:

cJAprcjeds\95042Z1 012orwMrfds



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
520 N. WAig=Am. Chkago, L 611 -(312 6700041

1944 N GCriffdh S_ all C, CHh, N 4631 219) 923-6

ORGANIC AND WATER CONTENT DETERMINATIONS
ASTM D2974

Project: LEA COUNTY LANDFILL
Location of Project: HOBBS, NEW MEXICO

Description of Soil:
Tested By: JM & WSG

-

Job No.: 95042.10
Date of Testing: 12-3-97 THROUGH 12-16-97

Date of Weighing:
Oven Temperature: 60-C
Furnace Temperature: 440-C

MOISTURE CONTENT
Boringklo. 109 108 111 110 110 111

Sample No. 80.0' 60.0' 200.0' 350.0' 230.0' 80.0'

Container No. (cup) 190 106 45 45 106 190

Wt of cup + wet soil 113.8 121.8 134.7 124.9 137.5 159.2

WL of cup + drysoil 106.5 117.8 123.7 115.5 131.0 145.5

Wt. of cup 52.4 51.4 48.7 48.7 51.4 52.4

Wt of dry soil 54.1 66.4 75.0 66.8 79.6 93.1

Wt. of water 7.3 4.0 11.0 9.4 6.5 13.7

Water content (w)% 13.5 6.0 14.7 14.1 8.2 14.7

ORGANIC CONTENT
Boring No. 109 108 111 110 110 111

Sample No. 80.0' 60.0' 200.0' 350.0 230.0' 80.0

Container No. (cup) - 190 106 45 45 106 190

Init. wt bf cup + oven dry soil 106.5 117.8 123.7 115.5 131.0 145.5

Final wt:-of cup + burnt soil 103.0 117.1 121.4 113.6 129.4 140.6

Wt of cup 52.4 51.4 48.7 48.7 51.4 52.4

Wt. of oven dry soil 54.1 66.4 75.0 66.8 79.6 93.1

Wt. Loss 3.5 0.7 2.3 1.9 1.6 4.9

Organic content (LOI)-% 6.5 1.1 3.1 2.8 2.0 5.3

*w = (wt. of waterhvt of dry soit)-100
PLOI = (wt. losslWt. of dry soil)'100

Remarks:

: 1:

c:'4oqects'95042%10M120Vgw1rds
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WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS

d 520 N. chan Am.. Chkagx L 60611 -(12) 67041
Q4- -4 N. Gifrf Bhd., uni C, Griffii IN 46319 (219) 923->59i

SPECIFIC GRAVITY TESTS
ASTM D854

Project LEA COUNTY LANDFILL
Location of Project HOBBS. NEW MEXICO
Description of Soil:
Tested By: WSG

-

Job No.: 95042.10
Date of Testing: 124W-97 THROUGH 12-22-
Date of Weighing:_-

Jar No. 1 2 3 4 5 1 1

Boring No. B-104 B-108 B-109 B-111 8-110 -O110 B-111

Depth 60.Z 60.0 80.Z 200.0 350.0' 230.0' 80.a7

Oven Dry Wt (A) g 130.6 117.8. 130.5 110.7 113.7 112.6 111.0

Wt. Pycn & Water (B) g 1440.0 1440.0 1440.0 1440.0 1440.0 1440.7 1440.1

WL Pycn, Water & Soil (C) g 1522.3 1514.5 1521.6 1510.8 1512.9 1511.3 1510

Temperature ° C 23 23 23 23 23 19.0 23.5

-emp. Correction (D) 0.9993 0.9993 0.9993 0.9993 0.9993 1.0002 0.9992

specific Gravity 2.70 2.72 2.68 2.77 2.79 2.68 2.70

Jar No. 2 3 4 5 1

Boring No. B-111 B-104 B-111 B-103 B-110

Depth 140.0' 4.0' 485.0' 5.0' 90.0 _

Oven Dry Wt. (A) g 115.7 102.0 110.3 81.3 103.3

WL Pycn & Water (B) g 1440.1 1440.1 1440.1 1440.1 1440.0

Wt. Pycn, Water & Soil (C) 9 1513.0 1504.0 1510.3 1491.6 1505.6

Temperature °C 23.5 23.5 23.5 23.5 23.0 _

Temp. Correction (D) 0.9992 0.9992 0.9992 0.9992 0.9993

Specific Gravity 2.70 2.68 2.75 2.73 2.74

SPECIFIC GRAVITY = A x D
A+B-C

Remarks:

c:ceCtM950142%1fspg xs



GRAIN SIZE DISTRIBUTION TEST REPORT I
C

C C -
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0 1o II
200 100

I

10.0 1.0 0.1
GRAIN SIZE - mm

0.01 rl~ 0. O~

ITestil. +3" | % GRAVEL % Z SAND I % SILT 1 % CLAY 1
.118 I 0.0 0.0 I 95.7 __ 4.3_ _ _ _

LL AP D85 |D60 |1 | D30 | D5 |D | cc Cu

|O NA NA 0.258 0.204 0.187 0.157 0.107 0.0902 1.34 2.3

-1 -_ II I ___ __ __ __ __,

MATERIAL DESCRIPTION | USCS AASHTO

* REDISH BROWN SAND SP A-3

|Project No.: 95042.10 Remorks:

Project: LEA COUNTY LANDFILL SAND 1l

Locotion: HOBBS. NEW MEXICO
3.0' BGS

Dote: 1-7-98 _

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS INC. F;gure No. _



GRAIN SIZE DISTRIBUTION TEST DATA Test No.:
…-_ _ _-_ _-_-_-_-_-_-_-_-_-_- _

Date: 1-7-98
Project No.: 95042.10

f Project: LEA COUNTY LANDFILL

Sample Data
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - --__---_- _ -_ _ _ _ __-- - - - - - - - - - - - - - - - -

Location of Sample: HOBBS, NEW MEXICO
Sample Description: REDISH BROWN SAND
USCS Class: SP Liquid limit: NA
AASHTO Class: A-3 Plasticity index: NA

Notes

Remarks: SAND #1 3.0' BGS

Fig. No.:
…_________________- _ - _ - _ - _ _ _ _ _ _ _ _ -.

Mechanical Analysis Data

Initial
Dry sample and tare= 423.80
Tare = 0.00
Dry sample weight 423.80
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

X 10 0.00 100.0
20 0.30 99.9

d 40 2.60 99.4
i 60 71.20 83.2
# 100 318.10 24.9
# 200 405.40 4.3

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve

+ 3 in. = 0.0 % GRAVEL = 0.0 t SAND 95.7
% FINES = 4.3

D85= 0.26 D60= 0.204 D50= 0.187
D30= 0.1567 D15= 0.10715 D10= 0.09016
Cc 1.3351 Cu = 2.2620



GRAIN SIZE DISTRIBUVTION TEST REPORT
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GRAIN SIZE - mm

0. 1 0.01

K--,
|Testl% t3" 1 % GRAVEL |% SAND | SILT Z CLAY

*{15 0.0 0.0 95.4 _4.6

LL p i De_ D60 D50 D30 D15 0Do Cc CU

NA NA 0.343 0.240 0.216 0.173 0.139 0.122 1.02 2.0

MATERIAL DESCRIPTION USCS AASHTO

* RED SAND SP A-3

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL SAND 13

* Location: HOBBS. NEW UEXICO
SURFACE

Dote: 1-7-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, I NC. F;gure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 16
___-________-__-_---__----____
Date: 1-7-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
___--------- _-_-_-_-_

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SAND
USCS Class: SP Liquid limit: NA
AASHTO Class: A-3 - Plasticity index: NA

Notes

Remarks: SAND #3 SURFACE

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 418.70
Tare = 0.00
Dry sample weight = 418.70
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent.
retained finer

- # 4 0.00 100.0
10 0.30 99.9
20 0.70 99.8

# 40 10.60 97.5
# 60 152.50 63.6
# 100 337.70 19.3
# 200 399.60 4.6

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 a GRAVEL = 0.0 t SAND = 95.4
a FINES = 4.6

D85= 0.34 D60= 0.240 D50= 0.216
D30= 0.1732 D15= 0.13868 D10= 0.12218
Cc = 1.0233 Cu = 1.9634
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_I
0 o 0 0ft v .

_ 8

100

90

80

70
o:

Z 60

I--
z 50

Iir
L 40

30

20

10

_I p * . _ _ _ _ _ _

I 111111 I
I . .

I I _

I II If..... -

ft -r [.1... - '--I

1%.,lI.'Ju I 1'O _
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GRAIN SIZE - mm

D. 1 0.01

lTestl7. +3' I % GRAVEL I 7 SAND I % SILT I Z CLAY -I
*17 0.0 0.0 98.9 1.l

1 - P D8 5 | D60 D5 D 3 0  D15  010 Cc '_CU
NA NA 0.389 0.308 10280 0.215 0.169 0.156 0.96 2.0

MATERIAL DESCRIPTION USCS AASHTO

* RED SAND SP A-3

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL SAND f5
* Location: HOBBS. NEW MEXICO

SURFACE

Date: 1-7-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 17
…-_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ -_________ ______________.-

Date: 1-7-98
Project No.: 95042.10

C.Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SAND
USCS Class: SP Liquid limit: NA
AASHTO Class: A-3 Plasticity index: NA

Notes

Remarks: SAND 15 SURFACE

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 438.70
Tare = 0.00
Dry sample weight = 438.70
Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent.

retained finer
( -slo 0.00 100.0

20 0.60 99.9
40 24.40 94.4

t 60 266.30 39.3
a 100 406.60 7.3
# 200 434.00 1.1

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. 0.0 % GRAVEL 0.0 % SAND = 98.9
t FINES = 1.1

D85= 0.39 D60= 0.308 D50= 0.280
D30= 0.2153 D15= 0.16904 D1O= 0.15649
Cc = 0.9605 Cu = 1.9702



WEAVER BOOS CONSULTANTS, INC.
ENVRONMENTAL AND GEOTECHNICAL ENGINEERS
200 S. igganAm ChcaA L 60604 * (312) M22-1IXO

, 944 N. GrtfiMh BMd UM C. GMtrh IN 443 19* (219) 923-609

Constant Head Permeability Test (ASTM D 2434)

Project: LEA COUNTY LANDFILL
Location of Project HOBBS, NM
Description of Soil: RED SANDC

Job No.: 95042.10
Date of Testing: JAN. 6. 1998 .
Tested By.: WSG

Sample Reading Sample ftWnhation Date Head Time Tine Totad bne Total Flow KS(OL)fAMt Avrage
Number Number Lengtn. Cm Area. an2 Tested . Cm Start End t sec Q. nl cnVsec K

SAND 1 1 110 81:07 1O98 99.70 540 190 4.79E-04 _

3.0 8GS 2 11.0 81.07 MM6#8 9970 660 210 4.33E-04

3 11.0 81.07 1fi98 99.70 600 180 4.08E-04

Aage _ 4.40E-04

c:>qets5D042it0\conMi.As



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
200 S. MLiGdm Av_ Chicago. L 60604- (312) 922-1030

X- 44 N. Gnffith BKd. Unk C. Griffth. IN 46319 (219) 923-909

Constant Head Permeability Test (ASTM D 2434)

Project LEA COUNTY LANDFILL
Location of Project. HOBBS. NM
Description of Soil: RED SAND

_ _

Job No.: 95042.10
Date of Testing: JAN. 6. 1998
Tested By.: WSG

Sat4Ae Reading Sample fnoimaion Date Head rune Tone Total tie Total Flow K=(CLYAI* Average
Number Number Lengt. cmn Aea. cm2 Tested h. cm Stan End t sece . ml cmtsec K

SAND X3 1 10.0 81.07 1G98 99.70 300 110 4.54E-04

SURFACE 2 10.0 - 81.07 1i6a98 99.70 300 90 - 3.71E.04

3 10.0 51.07 116198 99.70 -300 85 - 3.51E-04

Aseage 3.92E-04

c.pxrcjts%95042%i0%cnkld3Jds



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
200ZS. Michgan Ase Chkago. IL 606% - (312) 92-1030
944 N. Grffmh Blv. Unft C. Gidffh, IN 46t319. (219) 923-969

Constant Head Permeability Test (ASTM D 2434)

Project LEA COUNTY LANDFILL
Location of Project: HOBBS. NM
Description of Soil: RED SAND

Job No.: 95042.10
Date of Testing: JAN. 6. 1998 .
Tested By.: JWM

Sample Rcaing Sample Wofrrnation Date Head Tine Time Total tme Total Flow K=(OL)IAht Avrage
Number Number Length. cm Area. cm2 Tested h. cn Start End sc 0. ml cnm/c K

SAND #5 1 10.0 81.07 116198 99.70 540 18O 4.12E-04 . -

SURFACE 2 10.0 81.07 116198 99.70 540 170 . 83E-o 04

._ .3 10.0 81.07 W98 99.70 540 165 37EE-04

Aage _ 3.93E-04

=___ =~vrg _______ ___ _=__ =___

c:NXocds\95042%10%wntl5jd1s



GRAIN SIZE DISTRIBUTION TEST REPORT
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0.1
SIZE - mm

0.01 __~ '0.001

ITestl% +3" 1 % GRAVEL I % SAND | % SILT | % CLAY I

0 5 0.0 0.0 98.0 2.0

l0. ____ _

LL PI D8 5  D60 D50 D30 D15  | D10 cc Cu

0.349 0.244 0.218 |0.175 |0.144 0.112 | 1.13 | 2.2

MATERIAL DESCRIPTION USCS AASHTO

l REDDISH 8RN SAND. TR SILT SP A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 1A

* Location: LEA COUNTY. ILLINOIS

UNWASHED

BORING: 500S OW

Dote: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No. _
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 5

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

---- ========================================================================_

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP Liquid limit:
AASHTO Class: A-3 Plasticity index:

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- _ _ _ _ _ _ _ _ _ _ _

Notes
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _ _ _

Remarks: SAMPLE: 1A UNWASHED
BORING: 500S OW

Fig. No.:---

Mechanical Analysis Data

Initial
Dry sample and tare= 323.20
Tare = 0.00
Dry sample weight = 323.20
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
4 0.10 100.0

.r 10 0.30 99.9
* 20 6.80 97.9
* 40 7.20 97.8
f 60 121.50 62.4
X 100 272.50 15.7
# 200 316.80 2.0

_______________________-_______________________________________________________

Fractional Components
______________________-________________________________________________________

Gravel/Sand based on #4 sieve
Sand/Fines based on f200 sieve
% + 3 in. = 0.0 a GRAVEL = 0.0 a SAND = 98.0
t FINES = 2.0

D85= 0.35 D60= 0.244 D50= 0.218
D30= 0.1754 D15= 0.14421 D10= 0.11194
Cc = 1.1285 Cu = 2.1752



GRAIN SIZE DISTRIBUTION TEST REPORT
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_ITestl% +.X I 7. LiKAVEL 7. % ANU 7. SIL I 7% CLAY

* 6 0.0 f 0.2 95.7 4.1

LL PI D85 D60 D50  D30 D15 D0O Cc Cu
1 0.308 0.220 0.200 0.163 0.132 0.117 1.03 1.9

MATERIAL DESCRIPTION USCS AASHTO

* REDDISH BRN SAND. TR SILT SP A-3

Project No.: 0016-02-05 Remarks:
Project: LEA COUNTY LANDFILL SAMPLE: 2A

* Location: LEA COUNTY. ILLINOIS
UNWASHED

BORING: 5005 210W

Dote: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 6

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP Liquid limit:
AASHTO Class: A-3 Plasticity index:
-------------------------------------------------------- r------~----------------

Notes

Remarks: SAMPLE: 2A UNWASHED
BORING: 500S 210W

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 312.90
Tare = 0.00
Dry sample weight = 312.90
Tare for cumulative weight retained= O

Sieve Cumul. Wt. Percent
retained finer

-0.375 inches 0.00 100.0
4 0.50 99.8
10 0.70 99.8

* 20 1.30 99.6
* 40 7.50 97.6
* 60 88.20 71.8
* 100 241.30 22.9
* 200 300.10 4.1

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
t + 3 in.-= 0.0 t GRAVEL = 0.2 t SAND = 95.7
% FINES = 4.1

D85= 0.31 D60= 0.220 D50= 0.200
D30= 0.1633 D15= 0.13213 DlO= 0.11722
Cc = 1.0328 Cu = 1.8793



GRAIN SIZE DISTRIBUTION TEST REPORT
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ITestl% +3"1 % GRAVEL I Z SAND I % SILT I % CLAY I
* 7 0 -0 0.0 92.0 8.0
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MATERIAL DESCRIPTION USCS AASHTO

* REDDISH BRN SAND. TR SILT SP-Sm A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 3A

* Location: LEA COUNTY. ILLINOIS
UNWASHED

BORING: 500S 700W

Dote: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS COSLANT, INC . Figure No.__



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 7
____-----_________-________-_________-_______________

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

_______________ _ __ _ _ _

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP-SM Liquid limit:
AASHTO Class: A-3 Plasticity index:

Notes
…_____________- -…--______________

Remarks: SAMPLE: 3A UNWASHED
BORING: 500S 700W

Fig. No.:--

Mechanical Analysis Data

Initial
Dry sample and tare= 298.20
Tare = 0.00
Dry sample weight = 298.20
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent,
retained finer

# 4 0.00 100.0
10 0.50 99.8
20 0.90 99.7

* 40 4.70 98.4
* 60 69.20 76.8
* 100 216.40 27.4
* 200 274.30 8.0

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
% + 3 in. = 0.0 % GRAVEL = 0.0 % SAND = 92.0
t FINES 8.0

D85= 0.28 D60= 0.209 D50= 0.190
D30= 0.1545 D15= 0.11995 D1O= 0.09863
Cc = 1.1574 Cu = 2.1208



GRAIN SIZE DISTRIBUTION TEST REPORT
i
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0.1

SIZE - mm
0.01

ITestt7 %3" % GRAVEL 1 7 SAND 7 SILT I % CLAY |
_ 8 0.0 0.1 93.8 6.1

__ ________I

[ LL PI D85 060 D50  D30 D15 D1 0  Cc Cu

0.313 0.219 0.198 0-162 0.110 0.0880- 1.36 2.5

MATERIAL DESCRIPTION USCS AASHTO

* REDDISH BRN SAND. TR SILT SP-SM A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 4A

| Location: LEA COUNTY. ILLINOIS
UNWASHED

BORING: 500S 1200W

Date: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTATS, INC Figure No.

t



UR^A1 biz.N vi-rKlkSu-r1uV rair JrsA 'rest No.: u

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

_____________-- - -- -- -- - -- -- --------______------ - - -- ______.-

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP-SM Liquid limit:
AASHTO Class: A-3 Plasticity index:

Notes

Remarks: SAMPLE: 4A UNWASHED
BORING: 500S 1200W

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 319.40
Tare = 0.00
Dry sample weight = 319.40
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
4 0.40 99.9
10 0.70 99.8

# 20 1.70 99.5
# 40 7.60 97.6
4 60 85.40 73.3
# 100 248.40 22.2
# 200 300.00 6.1

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on 4200 sieve
t + 3 in. = 0.0 E GRAVEL = 0.1 % SAND = 93.8
t FINES = 6.1

D85= 0.31 D60= 0.219 D50= 0.198
D30= 0.1620 D15= 0.10952 D10= 0.08800
Cc = 1.3630 Cu = 2.4860



WEAVER BOOS AND GORDON, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS

- 200 S. Mchlgam Ave. ChkaNa L 60604 * (312 922-1030
1944Il Glfih SBWd. Unk C. Grl4rrh IN 46319- (219) 923-9609

Constant Head Penneability Test (ASTM D 2434)

Project Lea County Landfill

Location of Project Lea County, Ilinois

Description of Soil: Reddish Bm Sand, TR Silt

Classification UScs: SP AASHTO: A-3

Remarks: Sample: I Washed

Boring: 50QS OW

Job No.: 0016-02-05

Date of Testing: 7-17-sa

Tested By.: JWM

C

Sanrbple Rean Ssaple kAormation Dle Meod TT T. Total lime Tola Flow X-C~t A-ve
Number Number Length. aT Arek cm? Te5led h. cm Stant FMd t. we 0. "A COVS8c X

1 7.0 20.27 711719 119.00 ___ 300 6190 6.67E-03

2 7.0 2027 711798 119.00 840 1570 5.42E-03

3 7.0 2027 7117J98 119.00 360 595 4.80Eo03

4 7.0 20.70 7117i98 119.00 420_ 650 4.40E__3

Ave==ge _ 5.32E03



TEST DATA:
Specimen Height
Specimen Diomete
Dry Unit Weight
Moisture Before
Moisture After T

PERMEAB I L I T TEST REPORT
SAMPLE DATA:

(cm): 7.29 Sample Identif;cotion: BORING: 1II

!r (cm): 6.07 DEPTH: 80.0-
(pcf): 114.7 Visual Descr;ption: RED SILTY CLAY. TR
Test (%): 15 9 SAND
est (.): 23.7 Remarks:

7
Run Number: 1 a
Cell Pressure (psi): 36.0
Test Pressure(psi): 27.0

Bock Pressure(psi): 16.0
Diff. Head (psi): 11.0
Flow Rate (cc/sec):t.36.o0--s
Perm. (cm/sec): 3.78. 10--

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compoction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Locotion: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-16-97 Lob No.: 2

Tested by: JWU
PERMEABILITY TEST REPORT Checked by: WSG

VEAVER BOOS CONSULTANTS, INC. Test: CH - Constont heod
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PERMEABILITY TEST DATA
… _ ======= … s= P JC-D= ====

PROJECT DATA

ect Name:
No.:

Xject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
'Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 111
DEPTH: 80.0'
2
RED SILTY CLAY, TR
SAND
CORE

12-16-97

FLEXIBLE WALL
AwM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

-ameter:
Top:
Middle:
Bottom:
Average:

1
in

2.389 in
in

2.39 in

2
in
in
in

6.07 cm

1
in

2.510 in
in

2.51 in

2
in
in
in

6.38 cm

Length:

Average:

1
2.870 in
2. 87 in

2
2 cn

7.29 cm

3 1
in 2.898 in

2.90 in

2
in

7.36 cm

3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.70
448.90
387.40

0.00
15.9 I
114.7 pcf
0.3194

91.3 I

479.40
387.40

0.00
23.7 %
102.9 pcf
0.3894
100.5 %

r I WEAVER BOOS CONSULTANTS, INC. DATA SET 8
se ,.= = = = == = = = = = == ====== ==== = ====== ==== = =



CONSTANT BEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 2 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

36.0 psi
35.0 psi
1.00
1.00
27.0 DC

0.0 psi
0.0 psi

1.00
1.00
0.0 0C

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) T-ME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/23/97
12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97
12/29/97
12/31/97

13:03:00
14:02:00
17:03:00
7:48:00

12:10:00
13:30:00
8:39:00

13:37:00
13:08:00
6:16:00
8:03:00

0
3,540
14,400
67,500
83,220
88,020

243,360
261, 240
345, 900
493, 980
673,200

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

7.80
8.30
9.20

11.80
12.20
12.30
15.80
15.90
16.60
18.00
19.20

77 50.
77 00
76.30
74.60
74.20
74.10
71.80
71.70
71.00
69.80
68.80

0.00
0.50
1.30
3.45
3.85
3.95
6.85
6.95
7.65
8.95

10.05

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.056E 02 Flow rate = 1.359E-05
Permeability, K27.00 = 4.449E-09 cm/sec, K20°

11.0 psi, 770.1 cm H20
cc/sec R squared = 0.88804
= 3.783E-09 cm/sec

P1 2 \ WEAVER BOOS CONSULTANTS, INC. DATA SET 8
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = _ = = = = = = = = = = = = =



PERMEABI
TEST DATA:
Specimen Hei ght (cm): 6.79
Specimen Diameter (cm): 6.20
Dry Unit weight (pcf): 118.0
Moisture Before Test (%): 11.0

Moisture After Test (%): 17.0

Run Number: 1 *

Cell Pressure (psi): 38.0
Test Pressure(psi): 27.0
Back Pressure(psi): 15.9
Diff. Head (psi): 11.1
Flow Rote (cc/sec): 44 * 10--5

Perm. (cm/sec): 352 10--9

LITY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 111

DEPTH: 140.0-
Visual Description: RED SILTY CLAY. TR

SAND
Remarks:

2 A

Maximum Dry Density (pcf):

Optimum Uoisture Content (%):

Percent Compaction:

Permeameter type: FLEXIBLE WALL

Sample type: CORE

TIME - t (sec)
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-16-97 Lab No.: 3

Tested by: JWU
PERMEABILITY TEST REPORT

Checked by: WSG

VEAVER BOOS CONSULTANTS, I NC. Test: CH - Constant head



PERMEABILITY TEST DATA

PROJECT DATA

P--iect Name:
i - No.:
Project Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 111
DEPTH: 140.0'
3
RED SILTY CLAY, TR
SAND
CORE

12-16-97

FLEXIBLE WALL

WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

Diameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.440 in
in

2.44 in

i
2.678 in
2.68 in

2
in
in
in

6.20 cm

2
in

6.79 cm

1
in

2.463 in
in

2.46 in

1
in 2.690 in

2.69 in

2
in
in
in

6.26 cm

2
in

6.83 cm

3 3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.70
430.00
387.30

0.00
11.0 %.

118.0 pcf
.0.3002
69.4 I

453.20
387.30

0.00
17.0 S.

115.1 pcf
0.3170
99.0 9i

P 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 9



CONSTANT HEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 2

Run Number:

Panel No.:

I

Positions:

2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

38.0 psi
35.0 psi
1.00
1.00
27.0 0C

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME I ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97
12/29/97
12/31/97

14:03:00
17:04:00
7:49:00

12:11:00
13:31:00
8:40:00

13:38:00
13:09:00
6:17:00
8:04:00

0
10,860
63,960
79,680
84, 480

239, 820
257, 700
342,360
490,440
669,660

27.0
27.0
27.0
27.0
27.0
27.0

.27.0
. 27.0

27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

5.70
6.10
7.00
7.40
7.50
9.60

10.00
11.00
13.00
15.20

83.10
83.00
82.20
81.80
81.70
79.60
79.20
78.00
75.60
73.00

0.00
0.25
1.10
1.50
1.60
3.70
4.10
5.20
7.40
9.80

I

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.151E 02 Flow rate = 1.439E-05
Permeability, K27.0 0 = 4.143E-09 cm/sec, K20 0

11.1 psi, 782.3 cm H20
cc/sec R squared = 0.99888
= 3.523E-09 cm/sec

2 WEAVER BOOS CONSULTANTS, INC. DATA SET 9



TEST DATA:-
Specimen Height

Spec;men Diometf

Dry Unit Weight
Moisture Before

mo;sture After 1

PERMEABILITY TEST REPORT
SAMPLE DATA:

(cm): 7.43 Sample Identification: BORING: 111
!r (cm): 5.99 DEPTH: 485.0-
(pcf): 108.6 Visual Description: RED SILTY CLAY. TR
Test (%): 14.6 SAND
rest (Z): 24.7 Remarks:

Run Number: 1 *

Cell Pressure (psi): 39.0
Test Pressure(psi): 27.0

Bock Pressure(psi): 15.9

Diff. Head (psi): 11.1
Flow Rote (cc/sec):9.54 sa 0--G
Perm. (cm/sec): 2.73 . 10-9

Maximum Dry Density (pcf):
Optimum Moisture Content (Z):

Percent Compoction;
Permeometer type: FLEXIBLE WALL

Sample type: CORE

TIME - t (sec)
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.- 95042.10

Date: 12-16-97 Lob No.: 4

I II~eLob dNo y: 4 W
PERMEABILITY TEST REPORT Tested by: JWIA

IR BSChecked by: WSG e

YEAVER BOOS CONSULTANTS, I NC. .Test: CH -Constant heod
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PERMEABILITY TEST DATA

PROJECT DATA

A sect Name:
1 No.:

k--ject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 111
DEPTH: 485.0'
4
RED SILTY CLAY, TR
SAND
CORE

.12-16-97

FLEXIBLE WALL
EWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

I
Before test: After test:

,^ameter:
Top:
Middle:
Bottom:
Average:

1
in

2.360 in
in

2.36 in

2
in
in
in

5.99 cm

1
in

2.430 in
in

2.43 in

2
in
in
in

6.17 cm

Length:

Average:

1
2.925 in
2.93 in

2
in

7.43 cm

3 1
in 2.922 in

2.92 in

2
in

7.42 cm

3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

SamDle Parameters:
2.75
418.00
364.70

0.00
14.6 a

108.6 pcf
0.3675
69.2 a

454.80
364.70

0.00
24.7 %

102.5 pcf
0.4028
100.7 a

= ==== == == == == = ===== = === === === === == = ==== = ===============================

T 1 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 10
…== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =



CONSTANT HEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 4 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

39.0 psi
35.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 'C

PERFEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/2-3/97
12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97
12/29/97
12/31/97

13:04:00
14:03:00
17:04:00
7:49:00
12:11:00
13:31:00
8:41:00

13:39:00
13:09:00
6:18:00
8:04:00

0
3,540

14,400
67,500
83,220
88,020

243,420
261,300
345, 900
494,040
673,200

27.0
27.0
27.0
27.0
27.0
27.0
27.0
'27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

7.70
7.90
8.60

10.00
10.30
10.40
12.00
12.20
13.00
13.80
14.70

84.40
84.20
83.90
83.00
82.70
82.60
80.80
B0.60
79.70
78.90
77.80

0.00
0.20
0.70
1.85
2.15
2.25
3.95
4.15
5.00
5.80
6.80

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.054E 02 Flow rate = 9.538E-06
Permeability, K27.0 0 = 3.208E-09 cm/sec, K20°

11.1 psi, 782.7 cm H20
cc/sec R squared = 0.93547
= 2.728E-09 cm/sec

PA'- 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 10
=- := = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =



WEAVER BOOS CONSUL TATS, SNC.
ENVIRONMIENTAL AND GEOTECHNICALMMNEERS
200 & MigS64.. Chgm IL 64- (2) G22A4

.4 N. GrfdMLBh4. UrA C. 4Gihh. Di 46319* (1),

Constant Head Permeability Test JASIM D 2434)-

Project LEA COUNTY LANDFILL
Location of Project HOBBS. NM
Description of Soil:
Boring No-: Bi05

Job No.: 95042.10
Date of Testing; JAN. 28. 1998
Tested By.: JWM

(:.

Sampl Re alung S2-pl W mac U H Time TiM 7r m T Flw K.(wLm Awrne
Nwie umbe Le,¶gt m. A ft i . Oa.a Teszed kL'- Se al End t. sa 0. FM n~a

Humb er StaTrt w" rc I-

39 1 7.0 20.27 11298 -121._ 3_ _ 3B5 3_ _-

2 7.0 20.27 112698 V1I9 _ 420 410 2-7E-03

3 7_0 7D 027 112698 19t - . 360 295 22E 3 _3

_A v-rge _ = =__ _.

;

C-N'qedts95O404zT¶MxS39.A



WEAVER-BOOS ONSULTANTSs INC.
ENVIRONMEEtALAND-GEOT-.ECiNiCAL-ENG6aERS

, 200S. VAwsCh2_qaJL== I (32 9224-1

.. 14 N. GrorithBhd4. UnC Grlk iN 4s319* -219 t -mt9

Constantfleadiemeability Test (ASTUMl 2434

Project LEA COUNTY LANDFILL
Location of Project HOBBS. NM

Job No.-. 95042.10
Date of Testin: JAN. 28. 1998
Tested By: -WMDescription of Soil:

Boring No-:z 111

Sam*I Reedi&V SamPwkg-oui D"~ head Tha. Tane jTow i=n TOWa Flow A--p

Numba AUbu Laftcn *=¢12 Td-Ess -; - S af tc a. adt cx

39 1 7.0 20.27 .IS 12t9 60 4410 O .

2 7.0 .2.27_ Ar- 1212. eta 350 __E__3

____ 3 7.0 2027 VMS8& '12t.9S0 2 1.2O&M0

. _ A _ _ _ ' 1S -;S

c:eCts&W504Z=I1¶19,



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTALAND GECTECHWCALEGINEERSQ ,- .20 h S. M io.. Ctkagoa. L 60f4 - (312)92240=
Cons44 Na Gnft Hed. UiAC, Gta IN 4319. -es9) (SD-G60

Constant Head Peffmeability Test (ASTM. D 2434)

Project: LEA COUNTY LANDFILL
Location of Project: HOBBS. NM
Description of Soilk
Boring No.: B11I

Job No.: 9504210
Date of Testing: JAN. 28, 1998
Tested By.: JWM

l

Sampe Rading Sa-0e V*--"- Da* He" TM, Tim.. TOW *in Tol Fbw K=PLyAM
Number Numbet ±fU. f Am. cn2 Tes1d h. cm st~a EM L a 0. "A cmuA= _

35 1 7.0 20 U23B 12tS 840 745 2SEI

2 7.0 2027 112&98 Ut9 Mg . 460 -s7E _ _-

3 7.0 20.27 112W& :1 GM0 435 ZO _ _SE__ :

Aveage - _ _ 225E-03

CetS05410%11-



WEAVER BOOS CONSULTANTS, INGC
ENVIRONMENTAL AND GEOTECHNICALENG!NEERS

.200 S. MidfqmAv. Chag L 606O4 (312) 22-W30

.4 N. GrdBM. Un2 C, G N11 463j(219 g-

Constant Head Perneability Test (ASTU D 2434k

Project - LEA COUNTY LANDFILL
Location of Project HOBBS. NM
Description of Soil:_
Boring No.: BI0S

Job No.: 95042.1Q
Date of Testing: JANL 28 1998
Tested By.: J `JW

Sample R9dirv SamTe ug-na- Do* liad Tmw Tmn Toww. TOb Fb- K=f0LtMt
Number Umnbe LewoUo AoLcan2 Ten e an St~ 3 Esd tsaa 0. ml es n -C

38 1 7n :2Q 1128/98 121 =- 5o0 OE-04

-2 7.0 2& WM M a4Q 25 SA3E0S ._ ._ .

_A'Mage - - - . L43&0 .

cVss5o42 54OM 53 &Xs-



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGlNEERS
200 S. Mhcid*PAA. ChicA L 6004. (312) =4O1

A4N GriflUl B6d Un*C, GffiU% IN. 46319 - M49923.GSC

csonstant Head Permeability Test (ASTU D 2434)

Project LEA COUNTY LANDFILL
Location of Project HOBBS. N.
Description of SoiL
Boring No.: R8105

Job No-: 95042.10
Date of Testing: JAN. 2EL1998
Tested By.: JWM

Samph Revai& sa D"n. He-d. frmA rflm. Tcmma Tood Fbl Kp4A A-avft
Number Number L1h cm Arma an2c Tesmd h cm SWa Erd sec 0. nl Cmft= K

9 1 7.0 -227 M1&298 2 60- 395 IE-

2 T 20.27 -1U28Q8 12t9 _ 600 350 tE_-03

3 7D 20;!7 1J21a98 121t9 am 345 t48E-03

Atwage - 37E-03

_ _ - -- -. _ _

C:1prqe q5042¶1M1054.xd&
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0 SOIL BORING LOG
.

Date Drilled:
11/1s192

Boring No.:Grid No.:
6 -2 'I 7-C

JO 1 I JIK

Srmple Method(s):

Survey Doti:
Northing: 7650.8990
-Easting: 12296.2097

Ground Surfcce Elev. (MSL):

3,47§.43Driller: Totlo Dept&:
LANE SCARBOROUGH 215' 3GL

Rernarks: MUD ROTARY BOREHOLE DRILLED ON 1/11/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE OF 50TH 5OREHOLES.

Unified Soil Classificetion/Description
(Color. Texture. Struc:ure. Grain Size)

Sittv C AY C' Ceontwnwed from -e.ous Page.

I

less plastic. more friable bedo_ 52; s: nois: to dry

4



SOIL BORING LOC
-

Date Drilled: Eoring No.: Gri,
11/19/92 _ B-2

Survey Data:
Northing: 7650.8990
Easting: 12296.2097

Ground Surface Elev. (mSL)

I No.:
7-C

.JD-:U Alfn

Sampie Mechod(s):

3*479.43
Driller Total Depth:

LANE SCARBOROUGH 215 8CL

7Remcrks.: WUD ROTARY 3OREHOLE DRILLED ON 1/1;1/93 NEXT TO ORIGINA_
SORHO!E. LOG IS COMPOSITE OF SO0; 80REHOLES.

Unified Soil Clossification/Description
(Color. Texture. Structure. Grcin Size)

SAty CLAY (CL): continued from pee-.ous prge.

97* - 1o0* 2YS Kff,* * IovStrne: mot-leC dk. reC. trom;sjr yello.
VC. occ'sAncFl ilus0ons ol DOW nC Icnloer

laminated-. woec-s as occre:eC cics-s: rus-y rec .endritic
pattern *AnroegouNw - Do=s.ble erponfc retIncrr-v: V. norC:
ary. pole lido- -usions are sily. Lsolctel 3d 7; p=Mrtngs
tnto.gnoxt

*06* - I1g* S17v _A 11 }: s-rn os .v.-, Dd . en* , z incl-sionz or* no.
*occcssionl a0 < . r.r\v due to

;creJased silt en maties y o



Tehrra Dynamics Incorporated SOIL BORING LOG
Location: Project No.: Dcle Drilied: Boring No. Grid No.:

I ANDREWS CO. LANDFILL SITE 52-152 11/19/92 B-2 7-C

Log By:
A. WEEGAR

Orillin3 Method & Bit Sizes:
0-3 WMUD ROTARY
38-TD AIR RCTARY

Drilling Compony: D Sample Method(s): 2 SS
SCARBOROUGH DRILLING. INC. 2 1/8- Ca

LAMESA. TEXAS 2__ _ _ _ CB

Driller. Total Denth:
LANE SCARBOROUGH 215; BGL

Survey Data:
Northing: 7650.8990
Easting: 12296.2057

Ground Surface Elev. (MSL):

3,479.43

Remarks: MUD ROTARY BOREHOLE DRILLED ON 1/1;/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE Or SOTH B0REHOLES.

Unified Soil Classifacation/Description
(Cclor. Texture. Structure. Grcin Size)

its''- 140- SIL550NEAMLX hite: Car3ondte ecmented s1t: vfg
Dbon4 nc tUcnes:. thorc tar ,cnted arce Cross

beadea WX y2dSo_ netusions enC ydlow oIlon beCefl
bouncories: m'cc anc bWotte toar. catncert. ated 0f
beddIng bounc3ries.

9 9 9

140- - 145' Sian, Q Lr igterbedded aoyntne recdisn Dro-n:
nT on . St aMeernts th iugnOIar re-l Or

Cloy onote e;erneted io1ers :hraoosnout -tcf.7se ys hoae ortrAT r boundones b.ut Go not disrup:
preac~.n beCdofl; StIUCIu

145 - 184- I etatone frecCsh broan .ith C=Da-enIt
Gure ha t Cray e oystone: hcrC 1st1.n

mo.sturt: sfightly pPiry.

FtI NAK-t: A-LGO..DWG
I



- I

Sample Method(s):

Tota. Depth:
215- 2GL

Survey Data:
Northing: 7650.8990
-osting: 12296.20S7

Grcund Surface Elev. (USQ):

- 3,479.43
LANE SCARBOROUGH I

Remarks: MUD ROTARY BOREHOLE DRILLED ON t/Il/S3 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOS;TE OF ECTP BOREHOLES-

Unified Soil Classificction/Description
(Color. Texture. Stricture. Groin Si2e)

, A' ft- eo4'tcnfied from pre'ious pcge.

184 - 192 S. sSAND (su: scsndstonm v. pce. broi 
4 j senc

CC'f _C-je UeV pw.es h. morrd acy.
st-t mic* ee haral rry.



-

01 Terra Dynamics Incorporcated I SOIL BORING LOG
-

Locaton: |RProiect No.: i Doze Drilled: Borinm No.:|Grid No.:
ANDREWS COQ LANDFILL SIT_| 9--152| 11/19/92 | -2 7-C

Drilling Methoo & Sit Sizes:
Log By A. WEEGAR 30--38' MUD ROTARY Survey Data:

__ __ __ _ __ __ _ __ __ _ __ __ _ 38'-TO AIRRCTARY

Drillins ComPJ: Scmple Method(s): 2 SS Northing: 7650 2097
CARBR UG D~rLINC INC 2 1B o sting: 12296.2097

LAU-SA. TEXAS __________DILLING._IN._2 _ _C Grcund Surface Elev. (MSL):

Driller. Tctol Depth: .- 3.479.43
LANr SCAR80ROlGH 215 8GiL

Rerncns: MUD ROTARY BOREHOL- DRILLED ON 1/1.;/93 NEXT TO ORGINAL
BOREHOLE. LOG IS COUPOSITE OF BC-iF BOREH-OLES.

Unified Soit Classification/Description RDepth Grcphic Ft. 1 Strctigrcpc
(Color. Texture. Structure. Grain Size) (fee-) Log Ft. IntervSl

-20 C- -ner

200'-.5' Stv C' AY r' 1- i .mot - nYcroontfie Cty one
.xth occiso.ofli light greennnt groy met'Jing cnh

phnk dendritic rno~timc brittle; cry.

-21 C-

ORO-' OuT

10 n15

cJrn"cs

GrMSc:ioeol Color Choage to Cjsky CeC belo,
210'.

TOTAL n:74,s
_, I _ - ,

-22C

i!3[

-23C]

-I

-2I
-2 C-J

FIL£E 1': A-LOC7C.

. . .

I



Terra Dynamics Incorporated SOIL BORING LOr
Locotion: Project No.: Dote Drilled: Boring No.: rid No.:

ANDREWS CO. LANDFILL SITE | P 2-1c52 0 0at /18/93 1 il 7-0

Log y. iling Uethod & Sit Sizes: Survey Datc:
A. WEEGAR AIR ROTARY_- Northine: 7197.572A

DOrlling Company1 Sample )Aethod(s):
SCARSOROUGH DRILLING. INC. SPLIT SPOON; COPE- BARREL

LAMESA. TEXAS

Driller. Total Depth:
100'

Easting: 12084.9454
Ground Surface Dev. (MSL):

3.471.23

Remarks:

Unified Soil c-lassificationi/Description
(Color. Texture. Structure. Grain Size)

o-0.6' !.SOIL: b'o',m silty sond. orgenk molviovr
inclst.

O.6- 19*CA-"F yellow.±n pwnk: ecickium ccmcnfate:
cemented silt ond v-g sond groed frags..
mod. hard dry.

-hard streaks belo. 7.S5.

19'-21' CAt ~- y.QoW..n ..mte: eoC016, Corb~cnoe
cemented sand c.-4 growl: sand is fg cucrtz
and feldscr. on~tAiv' te *.~broued:t 9'e'ceI is
dark. pinke and opothue quartzite CISC fetdspw-.
angular to subr()~tdeC: MOd, Soft *Vr.

2-r-26' C,,e-eII SAND (S110I. pinekish ton; vfg to C; q~ecrtZ
feS4spcr son= Suataunded to roundeet dark.
lpe. and opaque qc~tr and felespar graoet
subroundeC to rouded- loose: Cry.

26--315 1A CLAY (C'- maooan: asity loysone: stocky
fromtpe: non pIastic; dr,.

e3ty 1 Ay' du sky led C~o~taone -ithS
dencr~t.c inuttin~g of yeso.. ton one qrzy. si.
soapy. blocky I*czture:. mod, dense: cry

FtZ M4A.e A-LCG7,O.DWa

I

OCMALIL

I



Location:

Survey Data:

Northing: 7197.7520
Easting: 12084.9454

Ground Surface EIev. (MS):
3.471.23

I

- rt~ucee purD~t color belo- 57:. Possible -ertkal
fracture .t1' block minerlizction along &octure
plonte at 57': crumbly to 61'.

Siltv '-Ay (C. tusty teec silty~clystone ithU
greenisn gray, Acksions increasin~g m canten:,
to-are base: OIocky fraCture: dry,

Vey Vt~ CLA~ #C '1 rusty red v. silty d2ystonc
.. tr aXL.Zuelarge mottling Of )elIC-:
greenisn gray l"es and mclusions of
calekurr Cerbonate rich gmoteria, ,Iram 71-
76-): race aor.k 'c~uz~ens. bloclky frcettre.
dry_



Terra Dynamics Incorporated SOIL BORING LO'
Location: Project No.: Dote Drilled: Borinc No.: rid No.

ANDREWS CO. LANDFILL SITE 92-152 01/18/93 B -43 7-9

Log By: Drilling Method & Bit Sizes: Survey Data:
A. WEEGAR AIR ROTARY Northing-. 7197.7520

SDARBOig OUGH DRILNG. INC. Sample Method(s): Eastirg: 120S4.9454
LAUESA. TEXAS SPLIT SPOON CORE BARREL Ground Surface Elev. (USL):

Driller. Total Depth: 3.471.23

Remarks:

Recovered
Unified -Soil Clossificction/Description Depth Graphic Ft. Strat;graphic
(Color. Texture. Structure. Grair. Size) (i eet Log Interval

- poss;bie prrimrny 0i~ckeoside 84'.

- possible primrry slickenside 95'.

-!55

-sr.

-39

-9S

- "I Io

to

10

99 o10T Q IY (C O prtpe -ith mmaoo mo::ling.
s. soapy crumbly. dry

.IZZZZ
CP

TOTAL DEPTH - 100.
_-v~z----- __4

405.

o-tO

r. 2-.

I . _ .

nl:. KAW- A-LOC7O.OWC

I I



I



Terra- Dynamics Incorporated SOIL BORING L( .i
Locction: Project No.: Dcte Drilled: Boring No. Grid No..

ANDREWS CO. LANDFILL SiTEE 92-152 11/19 - 11/20/92 B-3 7-E

Log By: Drillhns Method & 3St Sizes: Survey Data:
A. wFtE-GAR I0'-161 UUD ROTARY0'-ID AIR R0TARY Northing: 6744.4660

DrilSng T--XASn| Sample Method(5): 2-SS & 3-.BI Easting: 11J73.6823
SCARBOROUGH DRILLING. INC. Sme ehds: S5&C6 Ground Surface Elev. (MSL):

LAM4ESA. TEXAS. f 3.465.56
Driller: Total Depth: , 34.

JOHN/L ANE SCAREBOROUtGFI lDO 3GL.

Remarks: MUD ROTARY BOREHOLE DRILED IN 1/9/93 NEXT TO ORIGINAL
BOREHOLE. LOG !S CMPOSIte Of 301 BORDiO-ES.

Unified Soil Classiricctioi/Descrip:ion Dfpt Grephic Rezov e Strctigrophic
(Co!or. Texture. Structure. Grain Sze) (feet) Log /Sc ied I

_N Saly cAY (CL reddish br.t.: cC:ystone / s53t octmg |
ene 1gceissnx Geartic pc:-e c~nwon; Sal Porties rndIIincluscns Ore Iigh!t cmr a t a ted tett ogmero t _ W
olo Dartng; hard: en. Cry. baso consCccl from

-45

50- .

I.,
E LI

'.3

1c5 1R /

F0

F.S - -e
6ah0 - CS J' Cic,' 5i' rt) gr wsc .ec higsc.e .tr yeo.. L I (P 4

S'it-si~ed dOCth ftaJs. throueqhout- hc!r9er'etnti Od1 ,II! ,sd. i = -5t6 ...... -

increosed d hy con eft toC s dy _ i i along

li750.

1- -I 0

1. re

68 - 74 S7rt. C Ae ICL) dusy ree cnot nc:uecd -/ weor rec L. °44
mo etS. browc i t sitste-

denCriLtc pCttern w .n cicystene: dry. L I

75 - 9I.5-7- T Z/

SetS -C Y (Cr)- dusky r 'c cnC .'ottled .s/ .ti. 'ed L
crsO)xC¢ snicroeddeC * 1I9h 'oC~sh brown 5ststonc e...

e u wbtbtw n clhot syeslotne-. ItoyDdoystone biel tubas L

lmow '5 horC. mrd, d-nOC. cory coss-a.d~eO odo_ Lt.rIs ~~-eo- i
Ft NWE A-LZi.- 0 I



* Terra Dynamics Incorporated SOIL BORING LOG
Location: | Project No.: Dote Drilled: eaoting Grid No..

ANDR-wS CO. LANDFltl SlE 92-152 11/19 - 11/29/92 | e-3 7-E
I T ... .-.- - .

Log By:
A. WZEGAR

Dn'li' Method & Bit 5izes:
l-1f6- MLUD ROTARY

O'- TD AIR RO.ARY
Drillina Compan D N Sample Method(s): 2 SS & 3rC8

SCARBOROUGH D21WINC. INC.LAMESA TEXAS

Driller: Total Depth:
JOHNLANE SCARBOROUGH led BS.

Survey Data:
Northing: 6744.4660
Ecsting: 11873.6823

Grounc Surface Elev. (MSL):

3,465.56

Remarks: MUD ROTARY BOREHOL_ DRILLED ON 1/5/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COUPOSITt OF BOTH BOREHOLES.

Unified Soil Closs.ficotion/Description
(Color. Texture. Structure. Grain Size)

S7- CIA. (C "emie as c:Oe.e

o3 - 94.5- Ay It' dk. reddish 9,oy ecys:one: hwcC v. cense; -y.

TOTAL OE'tH. AT wo'

II

VI

MlLE W N A-LOC7'OWG
I



Terra Dynamics Incorporated SOIL BORING &
TWELL COMPLETION LO

Loccon: IProject No.: Dcte Drilled: IBoring No.:IGrid No.:
ANDREWS CO. LANDFILL SITE 92-1-2 11/20 - 11/22/92 1 B-4 7-C

Log Ey: Drilling Method & Bit Sizes: Survey Data:
A. WEEGAR AIR ROT3ARY Northing: 58s3.2525

SilCorn aR U RLN C Sample Method(s).: 2' SS Ecs:.ng: 11451.1737

LAUESA -XAS SompleINUod 2I SS Ground Surfcce Elev. (.SL):
LAME5A -- XASCONINUOS: CB3,444. 17

Driller Total Depth: TP-f-V aigEe.
270G 3GLTo-o CCsngEc..

3.446.2 1
Reak:CORE FPOM 0'- 230' 3462

Renorks: DESCRIBED ON 41/27/92: GEOPHYSICAL LOG HOLE DRILED ON
1 /23/93 20' FROLI 7-G CORE HOLE - LOG CJTilNGS FROM 23C-270

Unified Soil Clossification/Desc-iption
(Color, Texture. Structure. Grain Size)

'Ithic
Log

-e I Sr-

Well
Design

O'-1.S' Tr= COk' edoiss' bro-. sondy silt .. s !I I
rmica iYogS rDD:, moterielt crumilly: cry_

g-15 CA.S ! pinkish .ite: CeOI cemented -

sit end sdt i. hOrt chalky. vfg sCw gryins .' _hite
pin.L block & Dpque (granitic) materiat! some
quortzitl gra.: ary. MR

-b CAL reddeo' n & or n: seme Ds
e O ': ay. boscl contc Grinler.

BASE OF OGALLALA - TMAS19C TOP

tl'--2 Z wClaw. SIt' fuL( n lin-nted .in% sitstonfe 2a -eo *ce '
Ctoystontl dk_ sit frogs. thro.gheut: c.rnbl: Cry

.2.2'-14 Sit.S Ct AV (tC- -eak red do:orn _ith sitstone along -

DorMSz one as inousions: mod. dense: s. enmroly.
herer ji shlioe-v.

14'-3C.T Sit% CtLY (C- - mottleC reddeis bro-r cad .hite
ocysto-e: eotorted cad dendr.ili sitstone om

portmgS One incutsions. herd: oensce orey

Not

W.

H, .
Nit

� ./ .
-

oM
0 1

-3
.3

-1 3

12 t.0-

13
iss

20-

- 2

25

Ia0I

> d, .

I

,- r Die. Lotxhg
5 O'-l . > Wd Coo i

2.70 I=_ Expanding PtUg

(4' e 6') Slooed
S-urtee Pod

D- /7G -

Concrete Surfc~e

.4 -

'; Do. open
Borehole

2 PVC Casing

30.7 - 51.8' SAt. *M * fCI' -ok fee ond e"le ret mottled
Z;ithtone: t*ece V's inkqa frogs.: corbonized
leot f*Cgt: hbrrc mod. crumWly: blocky: soepy. ary 0 -

7-7 -1. I InIX wmE: A-' 0_7CA, Dw



0 Terr a Dynami cs In or-porated I SOIL BORING &
_ D m _ WELL COMPLETION LOG

Looct DRWS CO. NDFILL Troject No.: Date Drilled: B|oring No.Grid No.:
ANRESCO ANFLLSTE1 92-152 I11/2.0 - 11/22/92 1 -4 7-C

Log By.
A. WEEGAR

Drilling Method & Bit Sizes:
AIR ROTARY

Drifling Company: Sompie Method(s): 2 SS
SCARBOROUGH DRILLING. INC. Sml ehds: 2S

LAUESA. TEXAS CONTINUOUS: 2W Cs

Driller Totcl Depth:
-_______ . ___. 270 BGL

Survey Data:
Northing: 5838.2625
Easting: 11451.1737

Ground Surfoce Elev. (USLQ:
3.444.17

Top of PVC Casing Elev-:
3.446.21

Pcmak: -CORE --ROM 0-230
emarks DESCRIBED ON 11/27/92: GEOPHYSICAL LOG

1/23/93 20' FROM 7-G CORE HOLE - LOG CUTT

Unified Soil Classificotion/Description
(Color. Texture. Structure. Grain Size)

Vtv CLAY (tCL s-me description as
previous pcge

dk reCdisn grey (purcle) Delo- 46 w/Cendritic
pctlern end inctus.ons of bro-nisn yelo.

-5* Dide Open
Borehoic

_ 2 PVC C3sing

S:.bl-7J Co~es 'T (UtL- rght gray wltsofe: ICne.inated

end -ross-lmainctec ./ .eak fed: d;
mien fregs.: mod. dense: hard: ConcoiCal freture
to bloCky lne SI. ftsile; dry

sandy beto. 6T: vfg sond along cross-tonincted
VCrtings: Vfg - IS mico frogs: ccrb. plan:

re-noins ond frogs.

I

Fl f NAME: A-LOCGkv-.WS



Terra Dynamics Incorporated SOIL BORING &
WELL COMPLETION LOG

Locction: Project No.: Date Drilled: 6cetnS o.: Grid No.:
ANDREWS CO. t-ANDFILL SITE 92-152 1`1/20 - 11/22/921 B-4 IG7-G

Log By-
A. WEEGAR

Drilling Method & Bit Sizes
AIR ROTARY

Drilling Company RILNG. INC. Sample Uethcdts): 2 SS

LAE-SA- ,TXAS CONTINUOUS: 2A' CB

Driller: -Total Depth:
_ . _RO . 270' BCL

Survey Datc:
Northing: 5838.2625
Easting: 1 1451.1737

Ground Surfoce Ehev. (lSI):
3.444.77

Top of PVC Casing Elev.:
3.446.21

Remcirks CRIBE ON 11/27/92; GEOPHYSiCAL LOG HOLE1 1/23/93 20 FROM 7-G CORE HOLE - LOG CU-TINGS
DRILLED ON

Unified Soil Clossificotion/Descnption
(Color. Texture. Structure. Groin Size)

ln 'v MIT l` * sont as preioms Page.

77*-ss Sl : CLAV (CL reddish bron: mod. hard: silty

loainctons ./.vg mica *r05: 1 fissile.
rl. crunbly. soayS dry.

-5- Die Open
2oretCooe

-2' P'.C Casing

9S-10 Cle SI T r. 1eddrh broin cndCyczh
broom siltStonve dendritiC and mo.Jed Cooration
paotern: vtg mic and dk. mir. frc, throughtout:
hor-erc .- mbly, dry. Color chrnge to t;gnt oray
belo'o tLY

15-17f s~-ty tta ICt dk. *eddsih crcy sillstgne .,Atiht
C)o On: coOed tuteZ Crt.nity, rno

ernsJ; "n arc; soc~jr ary.

I
FIL: A&: A-LCG7ZXDwC



0~ Terra Dynamics Incorporated SOIL BORING &
WELL COMPLETION LOG

Location:
ANDREWS CO. LANDFiLL S.TE

| Project No.: Dote DrilleC: Boring NoGrid No.:
| 92-152 I 11/20 - 11/22/92 | E-4 7-G

Log By:
A. WEEGAR

Drilling Method & Sit Sizes:
AIR ROTARY

DrillingCorn~onG DRILCaING. INC. I Sampie Methcd(s): 2 SS
LAMESA. TEXAS CONTINUOUS: 2%g CB

Survey Data:
Northing: 5838.2625
Eosting: 1145;.1737

Ground Surface Elev. (MSL):
3.44.1 7

Top of PVC Ccsing Elev.:
3,446.21

Driller: Total Depth:
270' BGLCOR� FROM 0 -230

Rhok:COR- FROM 0'-230'
Remarks: DESCRIBED ON 11/27/92: GEOPHYSICAL LOG HOLE DRILLED

1 /26/93 20' FROM 7-G CORE HOtLE - LOG CU711NGS -ROJ 234

Unified Soil Clcssification/Description
(Color, Texture, Str;cture. Grain Size)

S'ty -1L A 'C '> SIne CS pfe-.nas page.



| Terra Dynamics Incorporated W SOIL BORING &
T __ cWELL COMPLETION LOC

Locotion: Project No.: Date Drifed: Boring No. :Grid No.:
ANDREWS CO. LANDFIL' StlE 92-152 11/20 - 11/22/92 e-4 7-G

Log By: Drilling Method & Bit Sizes: Survey Data:
LA. EGAI AIR ROTARY I Nor'.hinno SR8.262

Drilling Compny.r CScnle OlwltoS~ 2tthSsCSCAROROUGH DRILLING. INC. Smp eods: 25
LAMESA. TEXAS CONniNlsloIS: 2%' CS

Driller: Totcl Dept*n:
270' BGL

£osting: 11451.1737

Ground Surfcce lev. 14SL):

3.444.17

Top of: PVC Cosng EHev.:

3.446-21
Re k: .CORE FROM 0'-230

Remrks 5-DESCRI1BED ON 11/27/92 GEOPHYSICAL LCG HOLE
1/23/93 20 WROM 7-G CORE HOL? - ..OG CUTT.INGS

Unified Scil Clossificotion/Description Lithi^
(Color. Texture. Structure. Groin Size) Log

_t.~u .ae _

Sttv C' AY CL1t some as NM
Vre~wos page._

Nt
(GRAS)

(CRA9)

t9:-t75 §Pv Q A' *t -mottled and derdriitc <7
Ig=^t olie brown. grayish bro..-o and

cl. ted. crutnbly seavy' dry.

175-i8r oe'v s7 (L O: recosm bro~n _itn NC
tube&. moli.ng and laminotions of
ic~ht cray. concoidd frac.tue to

Cnlenml. moeC hor& moe, dense,;
St scepr. dry

187-20S 5 Scdy Cla"ev SILT' fULV g9oding Arom
k ,e~ddsh brown to igrct gray beto-

1S1 hnore; Wacky rzct-re; cross-
larninateCd vt9 sand trogS throvghout
rnoi1t

MN

I
:IE NWAd.: A-LGC7rOWr



0 Terra Dynxamics Incorporated SOIL BORING &
IWELL COMPLETION LOG

Locction: | Project No-: Dote Drilled: Boring No.:IGrid No.:
ANDREWS CO. LANDFILL S;TE 52-152 11/20 - 1B/22/92 E-41 7-G

Log By: Drilling Method & Sit Sizes: Survey Data:
A. WEEGAR AIR RoTARY Northing: 5838.2625

Drillin CoROUGH Sample Method(s): 2 SS Eosting: 11451.1737
r SClA2R' US.XOGS DRILL1NG. INC. C Ground Surface Elev. (MSL):

Driller Totcl Depth: Top o PVC Casing lev.
270'8GL3.4-6.2 1

Rrrk:CORE FROM 03-230'
Rernorks: DESCRIBED ON 11/27/92: GEOPHYSICAL LOG HOLE DRILLED ON

1/23/93 20' FPOM 7-G CORE HOLE - L)G CUTTINGS FROW 230-270 _

Unified Soil Classification/Description Lithic D-p-h / Well
(Color. Texture. Structure. Groin Size) IL5 (8 et) / Desin

.. . _ _ 9_ sinoe

rSe.~. Ic I T eU V some as preiws pc9e

2015-206' ClOe Say 4 (1 red siltstone, r05. helrt
crumoly, lominated. v; mico aeC d'. rnr
frogs.: dry.

206-215 Scdsy SI, T (Iq * figh: goy sil-:0ne: %orC:
blocky flrccture- Cross leminated: vl5 sand:
vtg pink & dk. mni..!rogs.; moist

If

J3

- 1 !tL-21G

._
_ .

., =

_ .

.' _ _._ .
215'- 2' S;I t c s_ tC') red dcoystoae. -no:. hart.

crwrly bKocky to cr ciano! frczture;
$1. soopy. ary

cocr change to dusky red bedo- 22'.

~~- l5-1.

I 3

3

22 .

-IzT0 270

r J - LOCr 1 CUTCS

* 215

229-5

F"ter So.d
(16-40)

-2- Sch. 40
PVC well
Screen.
.010 Slots

-hole Plug
C-ips

230'-250' Clo yC I7 moroon cloystone. sl soc>y.
crurnmy, cry.

-t

-ILE NME: A-L0GC7SLDwC



Terra Dynamics Incorporated SOIL BORING &
Il WELL COMPLETION LOG

I11' I

Location: | Project No.: Dcte Drilled: 19oring No.:lGrd No.:
ANDREWS CO. LANCFILL SITE 92-152 I 11/20 - 11/22/92 B-4 7-G

'og Sy: Drilling Methed & Bit Sizes: Survey Data:
A. WEEGAR AIR ROTARY Northing: 5838.2625

Drillin CAoR RLN N Somple Method(s): 2- SS Ecsting: 11451.1737
DrlingCoRnO GH DRILLIG. INC. CONTINUOUS: 2- COB Grounc Surface Elev. (USL):

LAMESA. TEXAS 3.444.1 7

Driller: Total Depth Top of PVC Csing Eev:

:3.446.21
CORE FROM 0O-230'

Remorks: DESCRIBED ON 11/27/92: GEOPL4YSICAL LOG HOLE DRILLED ON
1/23193 20 -ROM 7-G CORE HOLE - LOG CUTTINGS --RO 230O270_

Unified Soil Classification/Description Lithic D-epth rFL Well
(Color. Texture. Structure. Grain Size) Log (feeA) I Design

___ '. ___________________________

CrA *- t - moroon daystonc II. socoyc rurl%

dry.

- A

-2-J

Heo-y mottled _/ greenish 5rCy. m;:le,
*mustard yellow.

25G'-265 SZilv C AY rC. maroon sity daystone w/ neav
mottling of greenish gray. purme oCn musscrc yelo-.
brittle and crumbly. dry.

- less s-it below 2''i

-2 SC-

S- -

265-270 -* rcA rr - crorn doystone -I motting of Veenish L
gray cr. ,-userd yello.: soce crumsdy. cry .

TCTAL O1H = 270 _ II

I.II -27 H-
ru NAME A--LCS7GXDWG



A, Terra Dynamics Incorporated SOIL BORING LOG

Location: Projec; No_ Dote Drilled: oring No.: Grid No.
ANDREWS CO LANDFILL Si-. 92-152 12/18/92 B-23 7-I

Log By: Drilling Method & Bit Sizes: Survey Da:a:
A WEEGAR AIR ROTARY Northing: 4932.0522

Drilling CompansEcasting: 1 .028.4705
SCARBOR8GGH DR-LLING. INC. S Se.hodCst:Ground Surface cVev. (USL):

LAV.E-SA. T-:XAS 2' SS. 3' CB 3,429.13

Drille- Total Depth: -

JOHN SCARBOROUGH 101

Remarkes:._ - _

Unified Soil Clessificotion/Description
(Color. Texture. Structure. Groin Size)

70= "L bro.. saly Sand; egcnic; mois~t.

2- 2S CA C7Pinl: Cold. CCrb. eer. tefted silt .nlh lend e-nd Me.
grcoual .iedese in gravel Gantent with depitt; satt: dry

Deptt
(feet)

-o-

-15-

-20-

I I recvred IGrPhic Recvt. i Strcticrcphic
I Log Ft. Intervcls
I _S

0
4
tG.L OUT.

LOC, cu1ThG

I
23- 25 CALIC1.O!, gf@)ish smite: grciveI frog%. thraoughoujt: here; dy.

-

2V - 37' vl C'n--tv, 'ka~ti 10m): Pn. ene ona: WS~ clz zone and uilty
SanC with red. pink. bloci.cn a~ne 0~C.e swatiite graiw: land
GAO gravel is vubraundec tc -el toajned. loose: Ory.L

[7Wa0-

L 0C

drMLAI
_ .

sr- sc- CLAY (Q* 1 41 bt---ftisN led; niod. hed.! l1 Tocey) Wlcty
lracwure- mcat: bosal cantc-.: frcrn cuttirss

to 1V-

Iril N.WE A-LOC71.OW-- I



Terra Dynacmics Incorporated SOIL BORING LOC

Location: Profec' No_ Dote Drilled: Boring No.: rid No
ANDREWS CD. LANDFiLL SITE 92-152 12/18/92 8-23 7-l

Log By: Drilling Method & Bit Sizes: Survey Data:
A. YWEEGAR AIR ROTARY Northing: 4932.0522

Driin Compony: SampeEasting: 11 C28.4705
SCARBOROUGH DRILLING. INC. Sapl c td :')S-ound Surface Eiev. (MSL):

LAMESA. TEXAS 2 SS. C 3C429.13

Orifll-r Toto! Depth:.
JOHN SCARBOROUGH 101'

Remarks:

Unifiei Soil Clcssification/Description Dpth Grphic Fte.e Strotidgrphic
(Color Texture. Structure. Grain Size) (f eet). Log /Fn e Intervals

(Color. 40,et X, inte..ai

I j " , , / A l;4 I
- -

-45-

7
4S

-0-
NR

0

. ., _

54- - 59.5* Se,fla 02~-' SP- h'I Gglht greenisk gray Clary sltitCen iath S~nd
t.IrougnhouJ send0 1 V-9 C=2 Mieo and Diatite Clkes throughout:
small 10--anglie cross-be~ding: thr interbecs of lJay and
roujnded Clay nodulest wncreOSed Cloy Content lo-arC bese; mod.
hard. chalky. blocky fractlure; dry

5S.5' - 6: C.ow- St3 cr)-ois-bedaed Agnt dreenissL 9rcy and dusky red
clayy ststne g~dm S~O dsky red cbaye. s.ItStone: trace

-- Nfall n~ca ragL mad hr;bocky -rsctwle. dry

61' - S1.t Stt SAND (SU)- speckled appearance, .th w4h.te. airre and
aoaqq;e vasr-nd grains in greenish gray yelo. and hite1 silty
m5.rW. cdc. corb. cemented Silty sCndstone; sacil biaojte ane
med. mica Rakes throughout to. angle cross-bedding ./gray
an-d oushy red Silty clay niP-u elasts and layers throughout:
mod. hard; dusty: blocky froctue: Or~t

-55-

L -

-60-

I

MR

4.2

la
_4 I, ,

IC

71.2' - t1'* Sit. C, Ay (CL interbedded dsky re c aoysone and dayey
s tstane. rn-co 'rags. ithin sl:s:ane ntercls: infreOsin; clay
content tow-rC base: greenish gray infiec rues and ociussons
lhroaghout nda. harrC; St. sooapy. b cy frectcre _.th

crunbly Znes aCy
175- -a

r//,//,

I z3 GIPLo 171

&,

'a

IX: NAU:E A-LO71-DWG I



0 SOIL BORING LOG
Dmce Drillec: Eoring No. Crid W.:

12/18/92 | 9-23 | 7-!

Survey Clwo:
Northing: 4932.0522

- Ensting: 11028.4705
Ground Surfoce Eiev. (USL):

3.429.13

n',^ Cl AY i -1 somne as cboe.

.OTAL Dr'TH = 101-

I.
I-

(



Terra Dynamics Incorporated

Location: Project No.: O
ANDREWS CO. LANDFILL SITE _ 92-152

Log E.C W Drilling Uethod & Bit Sizes:
R.M<GOWLEN tAIR ROTARY

Drilling Company. Sample Metnod(3s):
SCARBOROUGH DRILLING. INC. SPLIT SPOON; CORE BARRfiEL

LAMESA. TEXAS

Driller. 
T otcl Depth:

100-

Re marks:

Unified Soil Clossificotion/Description D
(Color. Texture, Structure, Groin Size) (f

er0 TO dk. t rorIsit and senc. with

Q 11-6. 0 e It ten-cceictic censentec sand cd sit.
v1g-t9 eucrtz sond. soPt ary_

6.0-Z9 Sll. SeAnD 'Sul redcists-tcr .. sC-Ic end sit.

-1t q.ucr. telospor Son= loosc dry. r

- co!acte ensnen:ng sec:tered t
12'-28 [

F

C-wX frCg2-PCbbtesised scattered L
23'-26'

t

29--36 , calcitic Wse micr* L.
cemented sond ena silt. conceetion

rings n mrcrite. sandstone
lith*oCits it mrititc moMfir.
sandstone lithclas's hose sitico
czricretions. It. gray. to ten. hare.

dry_

3ti-42S eD d aAV' ISW%* 1t- red
Pwa.n. 1g overts: sorc. Weortz
Petb es ro uclnd. to subraoundeC to
ongpar. soft. dry

FUE ri: A-Loc3J!., ir

SOIL BORING L( 1

Da-e Drilled:
01/23/93

Boeing No.3 rid J
1 -49 lB-9

Survey Doto:

Nor'thing: 8315.3752
Essting: 12C54.L457

Ground Surfcce Elev. (USL):

3,481.91

_cv r _.

eptl'
rect)

Graphic
Log

(ecgole_

1/_SCIDed

Stratigrophic
Inite-vCI

-l _ _ ____ ,_._

10

15

-2I

25-

303

35-

0-1

aRU OUT

tor C 4.TN

I

ii
i
I
i

I
4

I ,

-



o -O

(

SOIL BORING LOG
Dote Drilled: Sorinc No.:rid No.:

01/23/93 B-49 8-3

Survey Date:

Northinc: E315.3752

Easting: 12054.A457

- Grcund Surfcce Elev. (MSL):
.' 3.481.91

Unified Soil Clossificction/Description
(Colcr. Texture. Structure. Groin Size)

S9L-:D amr C RV' (SWI- Somne es cbo-e.

42'-100 CLAY * re _itb yello. motdlrz ory.
picsi:c.

- purple. red and yeno_ mottling: Q_-SC'

- br'tte;: dry.

- wrcreose in pur3e coloring
bei::lc de r

- oronge red eclov _it. red. yellow. greenish-
white onc puric rnottlns
Ocerdrs 0 lahoC f;tCd d4iy diosts

- ore.'ge red. red. yeoe.. purple mo::led
w.ithout e cst bri:1c: Cry.

5*



1

SOIL BORING LC
Dc:e Drilled: |Eoring No.:nriC

01/23/93 £-49 8

Survey DCo:

- Northing: 8315.37_2

Eosting 12054.4457

- Crcund Surfoce Elev. (USL):
3.481.97

- wmiccy ora-ed feces a' cxw*. 54'- 85 .

- heweC kcwbre o0entre 60 from wer.icoI Ct oxbow. 99.
.CTAL DETH ¶ loo'

*I !



Terra Dynamics Incorporated I SOIL BORING LOG

Location: Project No.: Coze Drilled: 3 g .:/Gr. No.:
ANDRE1115 C3- LANDFilLL SITE 92-152 0;/;3/93 a-, 8-C

Log By: Drilling Method & Bit Sizes: Survey Dcta:
A. WEEGAR/R M`GOWEN AIR ROTARY Northing: 7862.1723

Drilling Compony: D Sample Method(s): Ecsting: 1184_1039
SCARBOROUGH DRILLING. INC. CORE BARRE;L SPLUT SPOONEain:18.03

LAMESA. TEXAS CORE_________SPUTSPOON Ground Surfcce Eiev. (MSL):

Drifler Total Depth: 3,477.37
101'

Remarks:

Unified Soil Clessificotion/Description
(Color. Texture. Structure. Grain Size)

Dept h
(fee:)

I

Groohic
Log

Recovered
Ft.

/>SomDIed 'I
Intervals

.
u

o.-as5
O.5'-1(

E

16'-26'

26'-28'

TOO o tmy sit: orgenic motffria:

f&L- "L white to It. fen~ celc-te cementedI
sanc and silt; wfq qti zone: -ith~ ithocoasts
of sones one in ecicite matnir. soft drilig.

CA!-ICPH- qray to tort. ruiertic anc cceir-iti
cemented sond: sit to occasicnol qrcrel
seftestone I~thodclts *mth Silica conc-TV0ns
Oronund them.; Itnodclsts Cemented -.- L 0

p~obcbie dolomite: cporzz end Eeldspcr zond cen
peabies 3;iCo Chips (eCncaidol). 2

SAND ore CaAV~t- ISW): 6", >cc gres4 -th I I
'Wmit,Sh SCrC and Sdt: graded: Oft' 9iaf to I t

rounced. I 1o-
SANDt Gnd CRAV::t (SWM riem on 9roae1 ith 0
rcCOatb SonC onC sd:: Crodcd: enltmIr to

0

CT 1 IQI edmey -i s.size calcite i1
.ncis.ons: set;. momtfi->

OUT WAll

TO 311

-LODC

OC&.?.L^ A
; AZVC

.A 2

Ft.Er WAUE: A-I.0GCZ-Dw-
I



Terra Dynamics Incorporated

Locotion:
ANDREWS CO. LANDFILL SITE

Project No.:
_ 92-152 93

I

A. 1 EEGAR/R. wIGOWEN
Drilling Method & 9it Sizes:

AIR ROTARY
.

I

DFIDRtL!NG. INC.
Sample Method(s):
CORE 6ARREIL SUT S=OON

Survey Dota

Northing: 7862.1723

Eostirg: 11843.1039

Ground Surface Elev. (MSL):
3,477.37Total Depth: 101-

Unified Soil Clossificotion/Description
(Color. Texture. Structure. Groin Size)

- yebio rntti9' bet-Dor O.S (41.7-42): less

moist

- groy/recn cloy nor&les Cl A5 oepro,.. 015.

61.-B' CIA fC'* yelloisF p;y. bmottlec qreen. ydloe.
red ad ;roy clay. dry. trittle: olmosl toic-sk

- reC cloy .ith 2i4sht yel o. nottlng: soft
pbasti:: moist.

- reCdish. orcnge .ith yellol nottli9 ont
croy/qreer. nocules of day yraoduelly drying ou.
over ory (1.6 Oto-e ooeo O - recoory).

- ooke- CriO cdray itlr m.iCC OoeS



C. Terra Dynamics Incorporated SOIL BORING LOG

Location: Proje:t No.: Dote Dr~iled: Boring No.: Grid No.:
ANDREWS CO. LANDFILL SlIt. 92-152 01/13/93 B-37 8-C

- l_
Log By: A. WEEGAR/R. UtGOWEN Drilling Method & Sit Sizes:

AIR ROTARY

Drilling Company: c-peMto~)
SCARBOROUGH DRILLING. IN. SnpeUto~)

LAMESA. TEXAS CORE 3ARRE- SP'JT SPOON

Driller: Totol Depth:
10t-

Survey Dato

Northing: 7862.1723

Eosting: 11843.J039

GEcunc Surfcce 9ev. (MSQ):
3.477.37

Remarks:

Unified Soil Clcssificction/Description
(Color. Texture. Structure. Grcin Size)

01.-BA' SP - :1'A tC4 ' red doy itkeedaec .ith
_ni:isr, gree. Ststone-

BA'-9t' Ct Ay (' t;:!ed-cT e .ith gree., doy nodules
scctterec: ti: with mCC fiCkeS.

107AL DEPTH - 1Ot'

I

FLr NlAM: A-LDC8:.owt
I



SOIL BORING LOC
DOate Dniled: Boring No.nrid No.:

12/14-15/92 8-1 I 8-O

Survey Data:
Northing: 7409.0953
Eosf:ng: 11631.7184

Ground Surface Elev. (USL):
3.471.98

CxUCrSCi pinkish. .nite; mod. Soft. cry

G IJwc-r pirsI. _bKite cod grcyis. to- Cticiurn ::-bc-cte
ewrentedc rnicrcr)tcifte v. tcar c-y DR&.: au

0Rt.rrrQItOc
0i-MINCS

22 - 3T Go,<,lV SAW: tsW- pitish to.; f1; - ey rot:. atnCd _c1

rouneec UDro 'IeC to -lIl rouded Guaczite oroSt. _he.
tcr. pink end dk. cIos-% loo.e dry. boset contec: .inh
0r3ir.

3a' - 4< Lt iY At'. mottej dskcy red. yello_. pur')le a.C iiCnt

groy cory. -ed horC st. plostic: de-SC: rnaest

- incensed purple colorotion belo 35*.



f
-

SOIL BORING LOG
Dcte Dril~ed:

12,/14-15/92
Boring NO. Grid No.:
I8-18 8-D

_ _

Survey D~to:
Northing: 7409.0953
Easting: ' 1631.7184

Ground Surfoce Elev. (MSLQ:

3,471.9B

Unified Soil Cicssification/Description
(Coior. Texture. Structure. Grain Size)

.CLAY MO' neroon day ri-h s2ignt mot-l'ng of .ight goy end
purpne- moc. ncrCO st. plastic eerse: meost.

45! - 71'- 5;m lSS-t CLY ttt*'W he.ily rMottled dCsIy Cfed. ,oroon. p.,pe.
yaow nC gray. hore: Dblocy irc=:ure: cry th Occosional
zones of dense, mois: doy.

- sZtcned ou: bits: uSed p~lot Dit.

- prineerhy Cusl y red ith slight gray. ton one purple nottling.

731-100 PJtV CTAY fC0 Mottled dC sky rer. i;gn' oray and ",pit: OCtC
.nsco :tos.s: nctC: si. rrumoly. DleIlUy Frocute: ory



Terra Dynarmics Incorporated ISOIL BORING LO
Locction: | Project No.: Dote Drilled: |Doring No.: Grid No.:

ANDREWS CO. LANDiILL SIlT L 92-152 112/14-15/S2 I B-18 8-D

Log By: Drilling Method & Bi, Sizes: Survey Data:
A. WEEGAR AIR ROTARY North-.ng: 7409.0953

Driinc Connysting: 11631.714
SCAR9WOrOUH DRILLING. INC. SGre ehd~ outnd ur: c 11631.718 '-)

LAMESA. TEXAS CORE BARRL a.471.98

Driller: LANE SCARBOROUGH Totol Depth: ,008

Remarks:

Unified Soil Clossificotion/Description DFtth Graphic Rcove air hi
(Color. Texture, Structure. Grain Size) |('eet Log | / i Ft. Intervalsc

__ __ __ _ __ __ _ __ __ _ __ __ _ __ __ __ _ __ __ _ __ __ _ __ _ ._ __ _ __ _ .; ... ole . n e v
SY CL AY ) sf .'e e oboe.0 .

-P /-

-I

L /

10

- becomnnq Incrasingly crumbIly bdoe 92'

-90

_95=

- I

_ (GRAS)

c.5

3.5

STOTALD OPTN - 100*
. s ,-_

-405

10-

2C-

nL NMA- A-LaZt OW.
I



C SOIL BORING LOG
Date Drilled:

12/20/92
Borng No.: Grid No.:

I e-32 s1 -E
Survey Datc:

Nortring: 6955.8008
Easing: 11420.4446

Ground Surfoce _lev. (MSL):
3.465.58

e4.9--934 CLA- reLV cork mor~o, clyctoe iJ r'omtti; of Pinkis
gray and tUoes of greenish qray. hcrd: IS socly. black

tractufe: cry.

(

cI S'n 0 .S-(wr f u. gree'aSn grCY cy Sits-one
.ntn alu maroon clytone nclusions and *hin

kyer: blacky onC pictey fr=cture harcd. sl. Mos

r {UtL inzrrbeDea ;reeniSh ercy siltst
red and piOtnkssh yIow slty sonstone
g Cuart: with hWS mnica ana biotite
sandstone iS colc. .. .Cermntec.

hy fractwe W th olatey frecture in
Pterwals. Or.

105e-121 .-a Sitt' . SA fSui- wh;te, pkrA and ofr.e sand eitt,
greenish ray end pnkisn tar. sity mtrix: SCnd is
Vf9 ;th Small to medium nico and biotite ftlaes:
hard: tgocky frcture: eryr bcrcl Centoc-



.I
SOIL BORING LO

Dote Driled: I3fng No.: Gri
12/20/92 B-32J

Survey Data:
Northinc: 6955.8008
Ecasting: 11420.4446

Ground Surface Elev. (USL):
I 3.465.58

121--13C sgy Cl Ay w f-. duty red & MnrOen with grayish pur;>e
morroIy. are

TOTAL OVPlH - 134



C- Terra Dynamics Incorporated SOIL BORING LOG

Location: A Project No.: Dcate Drilled: Boring Nc.:VGrid No.
ANDREWS CO. LANDrLL S 92-152 12/22-192 | -33 | 8-F

Log By p T Drilling Method & Sit Si2es: Survey Dota:
. GRAN AIR R3TARY Northing: 6502.8105

Drillin~ Ccrno' DRKGG.iC Sampie Method(sy Easting. 11209.2032
LAUESA. TEXAS SPLIT SPOON; CORE AR Ground Surface -lev. 3MS

Driller: LTotol Depth: .
LAbI- SCARBOROUGH 100.

Remarks:

Unified Soil Cicssificotion/Description
(Color. Texture. Stru:ture. Groin Size)

1'.-_1 lrno -UV$ brek - .. I- v~ see k-is

CA' " white sendy Sit coicitm core cnt. hOt cry.

- Oollolo erawdls et 5 ore hilt. pinm,. bCCe. Q.crtite:
m~oc. ftoV

- moe grcals bela- 1C: looser belao 10o

- grol a.nC cocrse sene strcto 0t 8% drills ecziy: ltgt~
ton cu-:ings: St moist

- yellow stlty ely in DOttorn foot of O;dlclc -i1 some sintll
founded ;rwls.

IDepth

_ -O

L10:

-15-

L 20-

I1 _

. .

Graphic
Log

Recovered
Ft.

Ft.
Sampled

Strctiarcahic
Interval

_ .

- MtCL ouT TO 25

- Ut4. LO-' rto
CuTTINCM

OMA:ALA

IS.""
24--U CL:Y CLf doar eeddisn-bro-n doystone 1 sl estic

tjmrlv, dense; s. rnoist; yelo. mottlins; h.tc
buto-n) ntlings present .nSI reactive to HC. - Z.. {, I

I1 1
Wi

_3-!,,,n

V/// 3

S Jl- ' C teadish-bro-n silty dlcystonc greecn-
C . yeo- & tite met-inc: crumply. Oe.tC S siShtly
Fj:_ botec not reect-e .'ifn MCI; censt: cry. Sl soCepi
tiara.

V
"-40

HR

HRS
r 7

I- 7
a

:1L_ NAUt: A-tO.CFDWC !



Survey Dotc:
Northing: 6502.8105
Eosting: 11209.2032

Ground Surfcce Dtev. (L4SL):

3.466.96

Unified Soil Clossificotion/Descriotion
fColor. Texture. Structure. Grcin Size)

- gtodationd to Sity soad at 42.

ITVSNO (SUIk brwn.iA ton to uhiltc "'attled 'mouchoujt~1F~~o~Lqhard tw¶bioeky foct.: tqcnzm to silt
ea t suenqi~r tasm ct--Con. ceute~c croe.A

elo o..ite to DA'k m-,T flakes: eo')Ij(" or bio:tefI) -gouss

possible bomfgs.

Ar-m6 -M TV C! Ay A! %, reddish beau. CfOYlope: -..th sIlt
dmzsen~nalec yeto. & uthute inottlinc- oendritic ?Otieo~
CComOn; VIC re~o-tion to MCI: hard; 5locky tkC~t.: cry.

- Slttle silt belo. 5O.

- ceml~ Xity tnter~ef befo. 66:. scattered doaycy
oats (re . ,L dry.

- decreaCsng sat: beta' 75.



' (*I) Terra Dynamics Incorporated SOIL BORING LOC

Location: Project No.: Dote Drilled: 3oring No. Grid N
ANDREWS CO. LANDFiLL SITE 92-152 12/22/92 B-33 I-;

Log By: Drilling Method & Sit Sizes: Survey Do.t:
P. GRANT AIR ROTARY Northing: 6502 8105

Drilling cnpony. Scmple MeEhod(s): Easting: 11209-2032
S:AR30BRG DRILLING. INC. GrounC Surface Elev. (USL):

LAUSA TXAS 4SPUIT SPON COPE BARREL Gon ufc e.(S)

Driller: Total De:th: 3.466.96
LANE SCARBOROUGH 100'

Remarks:

Unified Soil Clossificction/Description Depth Graphic F. | Strotigra
(Color. Texture. Structure. Grain Size) i(fee:)9 Log Ft. IIntervcl

j _ _ _ _ o r e l d _ _ _ _

- less St to-ards e6.

5G*AlOO- t- Y *c red*esh pr-le: cwoystonee moC horC
crumrNy. aetse: red & DrO-n- atttling: rY.

I I Co.

5as.

II

-0

-
10

W

- p e belDo 90, st. plcsViC

7R

aTOTAL o?-- - 100
- some Gescription CS ebove it. slighSy reddish

purale jclor in picle S
n .'- -'-- - -

FElo

L

t-C

.:1-

v:2C-4

I

FLt kAUr: _-LCc8r.Dwc I
I I
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Terra. Dynamics Incorporated SOIL BORING ;
Location: Project No.: Date Drifled: Boring No.: rid Nv

ANDREWS CO. LANDFILL S:TE | 92-152 12/18-19/92 3-22 8-

Log By- Drili-ng Method & Bit Sizes: Survey Datc:
A. WEEGAR AMR ROTARY Northing: 5596.6570

Drillmn n Sample Method(s): Eosting: 10786.5818
Or AUlSn PEOX *N I SPUT SPOON; CORE BARREL Ground Surface Vlev. (USL):

3. 437.08
Driller: LZAo CASM Totcd Depth:

LANE SCARBOROUGH 100

Remarks:

Unified Soil Classification/Description GDept raphic ReFovte Strotigro
(Color. Texture, Structure. Grc~r. Size) (feet) Log Ft. Interva

..__ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I ^ c . Se mz pled

u.a-£tw Snvd, St T (Ut'- .etetdded r'd cross bedded dk- rd /
brown sdty dy anC light grayish *ed sone s: with lightb_ _.
greenish gray silty cloy n tidicl. 1. miec frgs. throwghout _ _
ncred blocky frocture; basal 1 is soopy. v. _ _

£t.1-iOo S';Cst, ' 5itt n-A rCi a ^ reddisn bro. *ith aariti gree.sn L 9 /
groy Mnotttic,, inCtusion$ Cnrd layers thrzu~hut tra<ce VIs_,os
micc frogs.; cecbonized plant moterict: 3locky fracturs: _L
soepg crfy _ /

905- - -

TOTAL IEPTt - 1 W', 1 .'

nu_~~~-.C ,A-- -Oa.w

iLt4^bt ^-t~e~K
!Il



C

f

Terra Dynamics Incorporated SOIL BORING LOG
Location: Prejc~t No.: Dote Drilled: Boring No.: Grid No.:

ANDREWS CO. LANDi ILL SITE 52-152 12-9-92 13-13 9-C

Log By: Drilling Method & Bit Sizes: Survey Data:
A. WEEGAR AIR ROTARY. MUD ROTARY 21.8-32 Northing: 8073.4781

Drillin CARrc D Soample ethoad(s): Easting: 11389.9571
Dr CAiR8in CoMo SPUiT SPOON CORE IARR.L Ground Surtcee Elev. (CSL):

LAMrESA . TEXAS SPLIT__SOON;__CORE __BARREL

__ _ _ .3.476.22
Driller Total Depth: .

LANE SCARBOROLUGH 100.

Remarks: UUD ROTARY BOREHOLE DRILLED ON 1/8/93 NEXT To ORIGINAL
BOREHOLE. LOG IS COMPOSITE OF BOTH iOREHOLES.

Unified Soil Clcsst'icotion/Description Depth' G h Recovr F.Strdtigr-phic
(Color. Texture. Structure. Grain Size) L(feet aLot Sintervhl

IQ__!S~L bro-n senqv s l oox: root matwia: Sapnil d . Gu y

Se sc-szea p . ro. anC . sone ene enc ..
sg a zt s e . c' . min. tuero. nera_ SLC e>. frg tury frctures. _ t

lncreasing saond one dk cwel content bdr 7. _MR__ 3.

- .1

-15-

IC5 - 2t rjL 4 oink one gray cc wn' cotr. ceenetec sit' _
RAri&V trcour, conce"I"Ic Crowth rImss 0,0 t__e 5

'pcC n bob
t  

UiC' nj¢tttwr O.ro r s b'ov - , . .
frec eel: Cese contac fren, ' .r

-20-

1- I 'nt 'out

Il - 3r G o (V) vwrtg to Celt grovel w/ ree4 :av. oli 25 o 0
Cg ane. Sand and oro-e, a_
0"be afg o :m .lte 0050 cbn oc fr m 0

srto 04X> /Tt 9'. mo sot s40l-Z C; ric. canici tr _terner o5.

0

NA

it-Fe . L qlay Mod Soft' St. P103tiC~ Soe?)y

ITX - 6o CLAY tC'-% mcraor.. do . mod 01cslC* sticky-e.~ _. _ t _ 5•V he' b{x: .rtn~rd s; y eIoy'o cn.d b-ces.~) 5 ,l
mnoticnji: most to Ce.sd n to oboot A5*. _/

- _ _ _ _ _ _ _ _ _ - 4 0  
M R_ _ _ _ _

IL' AAM
t A-LoCC-DwIC



Terra Dynamics Incorporated| SOIL BORING LOG
Location: _ I Project No-: Date Drilled: borina No.:|Grid Nc.:

ANDREWS CO. LANDFILL STE I -92-152 I 12-9-92 16-63 I 9-Ca ;_
Log By:

A. WEEGAR
Drilling Method & Bit Sizes:
AIR ROTARYA MUD ROTARY 21.8--32

DrillingCAR8 DRILLING. INC. Sample Method(s):

LAMESA. TEXAS SPLIT SPOON: CORE eARREL

Driller: Total Depth:
LANE SCARBOROUGH 100'

Survey Doao:
Northing 8073.47a1
Ecsting: 11:589.9571

Ground Surface Elev. (uSI):
- 3.s76.22

Remarks: V-UD ROTARY BOREHOLE DRILLED ON 1/8/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE OF BOTH B30REHOLES.

Unified Soil Ctcssification/Descript;on
(Color. Texture. Structure. Grain Size'

- Drie from 45 - 50.

- inceosed moislwe k plosticity bdlow 51t.

- Us. cicy bit fromn 56 - 60.

-Use piIO6 bit -/ iwcrecse soe separation
Drow 60.

FILr NAME: A-_.O;9C.)WG !
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C I Terra Dynamics Incorporated| SOIL BORING LOG
I ocotion: Projec. NO.: Date Driiled: Boring No.: Grid No.:

I ANDREWS CO. LANDFILL SITE 92-152 12-9-92 9-13 9-C

II y: A. VEEGAR
Drilling Method & Bit Sizes:

I AIR ROTARY: MUD ROTARY 21.8'-32

Orillina Cornpan Sarnple Uethod(s):
SCAP30ROUGH OR-IUN. INC. SUT SPOON; C3RE 9ARREL

Driller: Total Depth:
LANE SCAR3ORCUCH*O

Suwvey Data:
Northing: 8073.4781
Ezsting: 11389.9571

Ground Surface Elev. (MSL):

1.476.22

Remcrks: MUD ROTARY BOREHOLE DRILLED ON 1/8/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COUPOSITE OF aBo, EOR:C-rLES.

Unified Soil Clcssification/Description
(Color. Texture. Structure, Grcin Size)

So-10ao S2:2 _ Y::1 PrDI;Sr. Orooon ./ yello. & -ore, aw groy mottsSk%
proyv : cfumoty. sl. socpy. nn-plcfiC c'.S

C

TOTAL DOETH AT 100

Vl_' NAi_ A-LC-.9CDWr,

_ _
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Terra Dynamics Incorporated SOIL BORING MA

'I

A
Locotion: Project No.:I 92-152

Date Dritled:
12/20/92

1Boring N..ji7 |N9.:
.18-27 I 9-0

' og By. Drilling Method & Bit Sizes:
AIR ROTARY

INC
I

Sample Uethod(s):
SPUT SPOON; CORI

Survey Doto:
k'orthing: 7620.4057
Ecsting: 11178.6477

Ground Surface Eiev. (MSL):

: -3.472.74
______ ___.- 4

LANE SCARBCROUGH
LAZARO CASTIUO I

Totcl Depth:
100-

.

Remarks: MUD ROTARTY BOREi4OLE DRILLED ON l/t/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COUPOS:TE OF BOTh BOREiHOLES.

Unified Soil Clossificotion/Descripticn
(Color. Texture. Structure. Grain Size)

1.-s. CgAIC?-: pi.kiKs 9rQ);sh .hite: Calcium cob cemented Sit
Qnc 9P"k son; -. hcrc WOeky k=.urG Cy.

Icero.

- "caeosed go-d contC1 bdo- 27.

Slth rrov,,4 SAG (GAv Cork. ,.1hite pink. Ceier Cnd opoee sond nd
gro,%4 .th pnkisb tcln Sat iftYs: soind is S;bY. to .e ri. vFq-c9 Qec

gro*.e is Woe.r loose: CrY

So Ct Av (Cr 1 dusky red to moroon silty clay witrh

bIe/Vroy, mottl.nS throu.ghot moC. cenase. cm y in
upper 4: s.. plcstc k Soopa belo- 31t moist

- yen. -otttalg belo- 37.
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( . Terrm Dynamics Incorporated I SOIL BORING LOG
-

Location: Pro:ect No.:
92-52

Date Drilled:
_ 12/20/92

Boring No-:Grid No_
I - 8-27 1 9-D

Log By: Drilling Me-t.od & Bit Sizes:
AIR RCTARY

I*Survey Dctc:

Sample Method(s):
SPUT SPOON: CORI

Northinc: 7620.4057
Ecsting: 11178.6477

Ground Surface Eiev. (MSL):

Driler * LAZARO CAsIuO

LANE SCARSOROUGH
Total Deptn: 3.472.74

100

Rerarks: MUD ROTARTY BOREHOLE DRILLED ON 7/3/93 NEXT TO ORIGINAL
3ORE-HOLE. LOG IS COMPOSITE O. 80TH BOP.HOLES.

Unified Soil Classificotion/Description
(Color. Texture. Structure. Grain Size)

S;tr, CtAY IC14 s3me as cboeW

DcseJ

SeL-r e 9i T (U' - Ctky red undy s?:sonne _.tiU Vee5.Sh
eey mettlin5 in wpcr V; sonO iS v4g curn -ith med,
mico cnC biotite flokes: mar;. -rncteric: ,:s:s .;tn
Ha; hcrd; bi*Cky ftCCtne, S.- CnaOky. Cy



Terra Dynamics Incorporated SOIL BORING LOt
Location:

ANDREWS CO. LANDFILL SITE
Project No.:

_ 92-152
Dcte Drilled:

_ 12/20192
182o N Grid No.:
I B-27 i 9-D

I

Log By:
A. WEEGAR

Drilling Method & Sit Size:
AIR ROTARY

Drilmng Corr,"' D' WG.~ Sample Met hod(s):

LAMDSA. TEXAS SPLIT SPOON: CORE BARREL

Driller. LuAZMa cASIXO Tota: Depth:
LANE SCAR9OROUGlt 100'

Survey Data:
Northing: 7620.4057
Easting: t1178.6477

Ground Surface Elev. (MSI):

3.472.74

Remorks: MUD ROTART- BOREHOLE DRILLED ON 1/3/93 N-XT TO ORIGINA:..
BOPRHOL-E LOG IS COMPOSITE OF BOTH 3OREHOcLS.

Unified Soil Clossificotion/Description
(Color. Texture. Structure. Groin Size)

83.*-lOO 4S t- C'LY fCLr ,'alieeled dusky ed. Celo. k gray
oan pr.e silty doysto'e *ith sltstone layrs; trcce .

4
t

mica frcgs. n sitstoae i.terciS blocky frcrt.e: -ec.
herd dry.

TOTAL ODET) = 100'

. . .

. HAUI A_ Lo9O.Cw9

1



CA
Terra Dynamics Incorporated SOIL BORING LOG

Locaticn: Project No.: Date Drilled: Boring No.: Grid Nc.:
ANDREWS CO. LANDFILL SlIT 92-152 01/20/93 B-46 S-E

Log By A Drilling sethad & Bit Sizes: Survey Data:
A WEEGAR AIR ROTARY Northing: 7166.5723

rling Compnv Scmpie Uethoo(s): _ .357_
SCAR30;YOUQH DRMIWG. INC. SP:UT SPOON; CORE 9ARR3 Esting: 10968.3576

LAMESA. TEXAS Ground Surface Elev. (USL):

Driller: Total Dep'th: 3.467.53

Remcrks:

Unified Soil Classification/Description | Depth| Grcphic R v F t. Strotigrophic
(Color. Texture. St-ucture. Grcin Size) (feet) Log [ FLt Interval

. Sc~t~le

0'-2.5' TCPSO darkc br 0n: coyey sand: . oegcnic
r.cn: soc~ny. macst. UR

(cAB'

(

2.5-1Y 4c` -pinkish chte calciun' CoMcncte U
ce-newted silt and vF9 SonC: Oternean~ty hard
arid saft layers; hard layers crt groy4sh ten
n,.amte citth silt end vig pink acnd: roce1.

sutwoucnded Pu'dc and oapqcue grcee: dr L

-10-

C~ C- pik~sih Whte Calcium Ccrbor.Cte UR
cemented silt and v'S sand: deck. bicek.I
opoque oaci reci qtZite grooti Iraqs Mwosnut; ~ (l
loose: dry. - D

biocli. cia . lec *-Cd opcq.. green: e. Sco . 1 20 1 (CRAB)

0UT-
LOC

CNOHCS

OCALLMA

IRASC
20.5-28 CLAY Oe'-O maroon: st. socpy. dense: si.

"Icslic; enurn"Y. tro~c COIC:Um ccrtanote
ft0dues moist.

283-i7- 0 -e r 1, heoAy molt cc ycUo. bluish
gray aci purple- 51. Sopoy. dense: &i
plastiL cinmtly. moist-dry.

1 (CRAB))|

0 S

SS

-25

2!

22

22

37- &o0 Clte~ IC N marocn Rkh Viests and ife:.
m ot:cir; of .0 usfl pu-r-le aid Yeuo..; of.
soapy, dense; %]. PIaS'ic: Crucmwy to

Conicoidal lrC~tUM :mauLt
-An ' ' ' ' C)- -

FLS ka~ A-LO .OWCI

nf k-r A-=2-:3-.OwG .1



SOIL BORING LOL.
Dcte Drilled: Boring No.: ri

01/20/93 e-46 I

Survey Dotc:

Northing: 7166.5723

Easting: 109S8.3576

- Ground Surface Elev. (MSL):

3.467.53

d No.:
9-

Unified Soil Clossificciion/Description
(Color. Texture. Structure. Groin Size)

409'-52 SSN y SAMO 'SUIJ' 1ar~eSCted tem. yenlo..
push. gray 0.'c ht sltstose and Sandstone
s.itht Clay laminGe and deSts; intrlteclatz cSC
crosj,-!:edaedt send .3 Alg white C.Qctl- and Vink
fddspor Vig to c; rica one biowite iroqI nd
flakem increcied sand content aelo. 4rhwcr.
blocky frecture; calcium ec~cncte censentction:

s5-66.9' Cta tl 1`0C ~ dcrk reedisn, bro..s and reddish
P.rwpe sity claystoflm wly sligft pur.Ae ;rcy
cendritic mottlmq: greenish gray clasts and
worn' burrows, dense: DiOcIuy fract.re to
Crumbly. dryr gro~ddionalO =mc,,ge to lights dusky
red 3tsitionel at bose.

71-lo0' s iahil. S~ltv CL AY f t ' leddisr brow. C..C
yenowsn to. sgntlty Sdly cloystone itnl
Mcenish gray layers and tbes: calcite filled

4 diagonal ?ractures crr'scrL



. - 1�

)ynamics Irncorporated SOIL BORING LOG
| Project No.: Dote Drilled: I oring No.:IGrid No.:

CO. LANDFIL' SITE | 92-152 01/20/93 | C-46 9-_

Drilling Method & Bit Sizes: Survey Dato:
1EEGAR AIR ROTARYItEEAR AR ROARYNorthine: 7166.5723

DRIWNG. INC. Sample Method(s): Northing: 7106.35763
l TEXAS SPUT SPOON; CORE 3ARREL Zosting: 10968.3576

Total Depth: Ground Surface Elev. (MSLQ:
101- 3467.53

Unified Soil Clossification/Description GDept rcphic | v erec
(Color. Texture. Structure, Grci-. Size) (feet) Log FtSo Iiferv

ys.-' Sytv t Mc sne Cs~ U 0ot- _

TOTAL DEr!H - l10t



Terra Dynamics Incorporated SOIL BORING &
_ WELL COMPLETION LO(-

Location: Proect No.: Dote Dnlled: goring Nc.: I Nc-
ADE C A PL!SIE92-152 ;.2/16, 92; i/2;/93 13-21 I9-Gw;o

Log By-Survey Data:
M. JOHNSON; A. WEEGAR WELL COIPLETED ON: 1/29/93 Northing: 6260.8293

Drillin Eosting: 10544.8903
;CARBORM&GH DRILIUNG. tNC. Ground Surface Elev. (US'-):

LAUESA. TEXAS ._3_454.S5

Drilling Method & Bit Sizes: AIR ROTARY Total Depth: 1.70. Top of PVC Ccsing E!ev.:

Sample Methodfs): CONTINUOUS FRCM 9 TO 170 USING SPLIT SPOON 3,455.25
AND CORE BARREL .

Unified Soil Clossification/Desuription Graphic Deoth a Well

(Color. Texture. Structure. Groin Size) Log (feet) , Design

4ew4s6 Sloped
_5 Cncrete Surface Pae

0 9 Ctl .hite: so0e shite sity clay. S3e hitt
pebbles.,_ _ .

t 5_ -5 / S~cerete Sufccg

b 1 5: (dry) Banton;t.
_ _ _ _Typ>e I Portlnd

Cenweit Crout

g'-l 1 -4w C O D/_- 9 Sched.
BASE Or OGALLA.A - nc4A MP2 40 PVC Casing

tl-t55 SS t CLAY AV ( dusky red: hKarao -xy dry. _| S
some netrn-qgroy mottling.

t5.5-2r S..'th' VrtvS. t AY tt Cl mvnrosn: hera way. cr/

some croy mottling.

23-25 ShIgntl Selv SAND tSu pr l.3-eeC. .eli sorted
vf-fq wtpeler send: some Yeow ard reen notin g

t10 Drc- non-recctioe: dr 1_25-
25-2; C 'VEY SAND (CSt -ts*t. chalky, uO a 25-I /

v, sana grc-=z cry.
26-54 S Sal. SAND (5ns: ;6.ktsn-red. vt-IS OngulOr

sond gromss HO permn arnelvis gray rip-VP closts.
some yello. green rnottling; dr. lightef color wtft
depth.

20t-42.57 SS CDl. St.v SANPD !Suk _hlte. r-n2 groinec jightty | |
ongulor sonC. oiotite anc mic- Ilakes: numerous rip-op

ch.tt end gray coy closts: s3i0sfty O recctivre-.

I______________ __ __ - _35_ 7 i

I

FiL- NAME: A-L0GC9.DwC



C Terra Dynamics Incorporated SOIL BORING &
WELL COMPLETION LOG

Locton: Project No.: Dote Drilled: - oring No eId/No
ANDREWS CO. LANDrILL SITE 92-152 12/16/92. 1/23/93 8-21 1_9-G()

MU. JOHNSON; A. WEEGAR WELL COUPLETED ON: 1/29/93 1 Nor'ning 6260 8293

Drilling Componv
SCARBOR G 4 DRILI ING, INC.

LAtESA. TEXAS
Drilling Method & Bit Sizes: AIR ROTARY Total Depth:

1 73*

Easting: 1C54.4.e903

Ground Surface Elev. (MSL):
3.454.55

Top of PVC Casing Elev.:

3.458.25
Somple Method(s): CONTINUOUS FROM 9 TO 170' USING SPLrT SPOON
AND CORE BARREL

Unified Soil Clossificction/Description Gr-!ic Dept
(Color. Text:jre. Structure. Grain Size) ;oa (feet

_____Stt_ S__"__ _ s rnic socmose -CII

iI 40-

4Z55- SW Ctt: (C?> dusicy rec. mod hard d'c -

njreross silty sanC Icminctions epth depth

(Slightly NC) Ieccive) sanoe gray. hite 45
mottling.X

5 0 - ! S;i' v *C' *I dwsky red: mad. hcrd: *O5)M

yry hnite eic erzy mottling. sone F grained
scme neer toC _

W-84' S-,v A' 5" t- dusk,, red: hcc-. axy. Cry. HR
,rn.te onc g'ror ntlling.

175.

- 5_ (cry) 3entzote/
Type I Porhowg
Cernenu Grrout

-4.*: 0.0 Sanew
40 Pw czing

,,

1
FILE kAkrM A-LOCSGI.DWC



Terra Dynamics Incorporated SOIL BORING &
WELL COMPLETION LO(

Locoation:
ANDREWS CO. LANDFILL Sric

Project No.: Dote dried: Boring No.:Ie"/N
92-3.52 12//S/9Z- 1/23/93 9-21 1 9-G(i)

Log By. M. JOHNSON; A. YVEECAR

.

WELL COUPLETED ON: 1/29/9-3

Drilling Compony.
SCARBOROUGH DRILLING. INC.

LAMESA. TEXAS

Drilfing Method & Bit Sizes: AIR ROTARY Totcl Depth:
170-

Survey Data:
Northing: 6260.8293
Eosting: 10544.8903

Ground Surfoce Elev. (MSQ):

3.454.55
Top oF PVC Ccsing Elev.:

3.458.25Sample Ilethod(s): CONTINUOUS FROM 9-
AND CORE BARREL.

TO 170- USING SPLIT SPOON

Unified Soil Classification/Description
(Color. Texture. Structure, Groin Size)

Grcohic
Log

.
_

S ct SY (C' I scme as abo. MR

84-90 S2.v C- &v fSu)' reddish-bro-no hard dry. brown
co oring ieasing _ith depth. some u- sond
ncteasna .. ith aepth. some gray motllng: dry.

9o0-g 541, CLAY (CLr-i dusky ret hert dy. same vt
sand. 9roy mottlins.

9l eqtl, Sn,. SAND ISM), grao4sfh white Vf to fg
sond. groint are oaulaor bhot;te WnC mice flakes:
some yetlo.. pin. 3rnd green caoer. bottom I (one)
foot more yelow'. HO permecbcD dr) v. srightly
Ha reocte.

- Colo, becoming ton bel. loS ft. sorme
bro/ydilo. streaking _ith depth; i0-uP claoy
dlsts .nite)

llC-11795- Sfc.-l, Sillr SND 'SVeP ton/yella-. tg sand.
sliwgty angular gqceos dy. nuen. o. biotitW
and mic flakes: some Sear. yean svreoming
sligtlly MCI rea:t.Ve thin IWOhM. YHRO.
loninr.ion.

-SZ (dey) Sentonite/
Yoe I POMlOnd

Cernent Grout

_ -SS,- O.D. SleLe±
'0 PVC Cesing

Ve.- NAM'-: A-LOCSCIMWC



C Terra Dynamics Incorporated SOIL BORING &
WELL COMPLETION LOG

-

I ocation:
ANDREWS CO. LANDFILL SiTE

Project No.: Dote Drilled:
92-152 12/16/92; 1/

Log By:M. JOHNSON: A. WEEGAR I WE1L COMPLETED ON: 1/29/93

INC. [

Survey Data:
Northing: 6260.8293
-osting: 10544.8903

Ground Surface Elev. (YSL):

3.454.55

Top o' PVC Casing Elev.:

3.458.25

3rilling Method & Bit Sizes: AIR ROTARY Total Depth:
170-

_ _

.

Sample Method(s): CONTINUOUS FROM 9 TO
AND CORE BARREL.

170' USING SPLIT SPOON

Unified Soil Clcssiciccticn/Description
(Color. Texture. Structure. Grain Size)

- Rec. fg send. from 116.5' to :7.5.

c ", ct SAen (SI' ton/yrfo.. t; sond.
signtly angular g'cins: dy numnerous micc and
biotite flakes. Slightly HC rec:ive: thin ycko_
torni.060a..

- Red. yelo- end groy lorinvitons. 9ot:m
one too i gray.

('C Md.

!31.S- :70 s;y Cn A- tc ( ' ousky red; numerous grzy
cdoy CteSts (gree-Ush-hie) _ith eccosionol
nus:crCd yelo motlinig: moc harcd blocky
fracture to sg. crumb.y. "y

(



--- a - - -- - - --
Terra Dynamics Incorporated SOIL BORING &

. WELL COMPLETION Lo
Location: Project No.: Date Drilled: Boring No.:G rel to[ /N o.:

ANDREWS CO. LANDFILL SITE 92-152 12/16/92- 11 123,193 1 F 9-CM

Log a,- U. JOHNSON-. A. WC----AR WELL COMPLETED ON: 1/29/93

Sn~nCARornOnyH DRRILING. INC.
LAMESA. TFEXAS

Drilling Method & Bit Sizes: AIR ROTARY T Totc! Deoth:
____ ____ ___ ____ ____ ___ ____ ____ j170'

Survey Dato:
Northing: 6260.8293
Easting: 10544.8903

Ground Surface Elev. (USQ.:
3.454.55

Top of PVC Casing Elmy:

3. 458.25
Samnple Methcd(s): CONTINUOJLS FROM 9' TO
AND COREE BARREL

170' USING SPLIT SPOON

Unified Soil Clossificatior/Description
(Color. Texcture. Structure. Grain Size)

5sit, ctAV Icti som CX Cb&Ot,

.OrAL. Wac. - i17*

: El- ..I
- . r

U

-7W

* 4'x3O O.0Z0
P'VC Screen

9 X lOOm& Bess
rm4c a/is s...
rntef Sand

I

FrtS NALAZ A-WCOtS0.0wC



C

(

SOIL BORING &
WELL COMPLETION LOG
Dote Drilled: Boring No:Grid/
12/16/92: 1-/2/93 B-21 -G(2)_ - 1 9 G 2

Location:
ANDREWS CO. LANDFILL SITE

Project No.:
1 92-152

7

9y YM. JOHNSON: A. WEEGAR WEUL COMPLETED ON: 1/25/93

INC.

Survey Data:
Northing: 6260.8293
Ecsting- 10544.8903

Grournd Surfcce Elev. (MSL):
3.454.55

Top of PVC Cos;ng Elev.:

-. 457.85

4

Driliing Method & Sit Sizes: AIR ROTARY Total Deoth:
223'

Sample Method(s): CONTINUOUS FROM 9
AND CORE BARREL

TO 223- USING SPUT SPOON

Unified Soil Clossificotion/Description
(Color. Texture. Structure. Grcin Size)

o-9. CAUCW- wtbite; some hite sity cloy. some hWite

pebIes.

40

5S5-2S3 SG;aTly Ci t AY fCt I rnoror.: horC war dry.
some grey motting.

angvor sone: some yeU@.- er. freen mnott,"S.
erm non-reoct:e. arty

white. ch.c&y. HO r"CVrC

Sir,_'v S~tA SAND ISU1 pinkish-red. vfl-V cngulor
send 4rofr s: HO perm- nurnerous grey rip-uP dusts
some yent.. green mottlinS. dry, lghter Corlo ith
deitt'..

WO-fZ.S' Si~c," Sk-v CSAND Bsu'- h.te. fint grained sligntly
angulmr senC: biotite and mrno loaes: nu2rerous tip-up
wnte and gray Cloy Cicsts. slitly H40 reoct:.C;
permec~ge.



SOIL BORING &
WELL COMPLETION LO'

Lccotion:
ANDREWS CZ. LANDFILL SITE

Project No.:
I 92-11 2

Dcte I2il/ed
* 2/t6/92; 1

No :@IV/N

B . JOHNSON; A. wEECAR WELL COMFLEErD ON: 1/25/93

WNC

Survey Data:
Northing: 6260.8293
Easting: 10544.8903

Ground Surface E3ev. (lSt):

3.454.55
Top of PVC Casing Elev.:

3.457.85

Drilling Method & Sit Sizes: AIR ROTARY Totcl Depth:
22'

Sample Method(s): CONTINUOUS FROu 9'
AND CORE BARREL

TO 223' USING SPUT SPOON

~-- Unified Soil Classi.Ficction/Des~ripticn
c-. (Color. Texture. Structure. Groin Size)

Sl;=ttv !ly 'SANJD some as obo.

42.5-SO S,-v CT aY ICI'C dusky rec mnoC herd ry.
,rwmerous sity non lanotions with cepmn
(siigetly HO reacthe): some gray. hite
rnotUing.

.5= (dryz Bento.
Type I Porttond
Cement Grout

'w O.Z, ShedL
'o PVC Cosing

50--60 Sotn AY tC* 1 ausqy rec molL hard. wcy.
dry. hite nd gray mottlbn. sowne f grained
sand near top.

60-84- S0i1 O AY fat b dusky reC& bard: aory dry.
-Nte ond gray mottf-.9.



CI
Terra Dynamics Incorpoae SOIL B ORING &

portedWELL COMPLETION LOG

ANDREWS CO. LANDFIlLL SITE Iroet N c W... 0t rell No.:

Log B- uM JOHNSON; A. VIE-GAR
WEML COMPLETED ON: 1/25/93

Drilling Compcna D
L AM4ESA. TFXAS _ _C

Drilling Uethod & Sit Sizes: AIR ROTARY Total Depth: 223'

Survey Data:
Northing: 6260.B2S3
Easting: 10544.8903

Ground Surfoce Elev. (USL):

3.'54.55

Top of PVC Casing Elev.:

3.'57.A5
Sample Uethod(s): CONTINUOUS FROM 9'
AND CORE BARREL

TO 223' USiNG SPLIT SPOON

Unified Soil Classificat'icn/Description
flr-t- C-eresrtcte rinsz

1'

tt4-90* SS-s CLAY (sWI reeddi-bro,. horC drg. bro-
Co0or0n9 nceosrsing ith depth. somre wt senc
wrec qg .nth deat'.. some gay mot-Jing: dry.

90-94' Sltv ctl tC' dusky re hor. dry soni Vt
sonC- gray moWMG.5

9"710. S tn' Ptl-, SAND !fSUI- gayish .hite. Vf tc Ig
sand. grains are guIclr. b Otite enr rnm;cc lies:
some yebo.. pink and green color. bottorn I (one)
toot more yenoi. HC perneoble: y. . Slightlgy
t4 reocti,,.

- Caler becorning ti Odoa- 105 ft. some .
bro-n/ 4o. srteokiml; tt?* oeDt: t9-ui Cloy
tcosts (rnite)

ltO-lt,.5 ~ st;-%rin s*-v SAt 'Su, ten/yelo-. te send.
sligntly *.",e grcins: dry. nrnerous bWa;te
a.-C tniCo fC.kes. sonie gray. br.k Streok;ng:
3sn.ngttuy'C; fOct.,: thin bro-n. yelo.
I~tam-notion

- 5_ (cry) bentonite/
Tyoe I Perttand
Cement Crovt

-4lo 0. Sched.
40 PVC Cosw'g

., .. ,..

I Fi.. 1"wr A-LO iCSG2.Dw



Terra Dynamics Incorporated SOIL BORING &
r e ELL COMPLETION LOC

ANOREWS CO. LANDFILL SITE
iProject No.:

_ 92-152
Dote Drilled:

_ 12/16/92; 1,

Y. JOHNSON A. WEEGAR WELL COMPLETED ON: 1/25/93

INC.

Survey Data:
Northing: 6260.8293
Ecsting: 10544.8903

Ground Surface Elev. (MSL):

3.454.55

TOp of PVC Casing Elev.:

3.457.85

)ethod & 8t Sizes: AIR ROTARY Totol Depth:
223'

_ .1

Sample Method(s): CONTINUOUS FROM 9-
AND CORE BARREL

TO 223' USING S'LIT SPOON

Unified Soil Clossification/Description
(Color. Texture. Structure. Grain Size)

- Red. I9 sand. from tt6.5 to 175'.

Sleht!V Sitll SANQC fSU tOM/yilb.. I; sccd.
slightly angulor grains: Cry hurnerou% m;c and
b.Otite blkes: Signty NO rective: thi, yellow
tornination

- RC. vglo! and gray lontons. Scttonm
we root is gray.

_Z (ary) Benton
T.Nc I Portland
Cement Crout

A%' C.D. Sched.
40 PVC Casiog

13t.5-t96' Sf a SL ICI dusky ted nutnerous gray
day costs (Sreensh-.hite) _ith ocecsiond
m.StarC yefla. mottling mod. herc blaCky
frocure to sL crumnoy. dry.



Terra Dynamics Incorporated SOIL BORING &
WELL COMPLETION LOG

Location:
ANDREWS CO. LANDFILL SITE

Project No.:
92-152

Date Drilled: jBoring I

_ 12/6/92 1/2/93 1 B-21

Log U. JOHNSCN; A WEEGAR WELL§ COMPLETED ON: 1/25/93

INC. I

Survey Data:
Ncrthing: 6260.8293
Easting: 10544.8903

Ground Surface Eiev. (LISI):

3.454.55
Top of PVC Casing Elev.:

3,457.85

Drilling Method & Sit Szes: AIR ROTARY I Totol Depth:
223-

Sample Method(s): CONTINUOUS FROM 9 TO 223- USING SPLIT SPOON
AND CORE BARREL ;

Unified Sail Cicssification/Description
(Color. Texture. Structure. Gloin Size)

Sit y CLAY (C.: sZ*.e Os CbOwe

f

- Ircrcosed msstcrd yelfot mottling beLo.
1a0'.

- 45' 3fickeeside et 1t6. *iPh eClcite
ctystctzctio' olong milp plonc. icreased

9rCy eftdwitc mottlkng belo.
rd6T s3 coe"sed cntloiy teltuge
b.o 186'.



Terra Dynacmics Incorporated SOIL BORING &
WELL COMPLETION LOG

Location: |ProIee No.: Date Drilled: Boring O.Gria
ANDREWS CO. LANDFILL otTE Drilled: Bori Well No.:

92-152 112/'S/92 1/2/93 .-21 9-G(2)

Lo9 i3 U. JOHNSON: A. WEEGAR WELL COUPITED ON: 1/25/953

rDrilling Ccrr ony
TSCARBOROUGH DRILLING. INC.

I AUCCA T- .XA

Survey Data:
Nor`hing: 6260.8293
Eost;ng: 10544.8903

Ground Surface Ekv. (US'-):
3.454.55

Top of PVC Ccsing Elev.:
3.457.8.5

Driling Method & Bit Sizes: AIR ROTARY [Total ODepth: 223*

Somple Method(s): CONTINUOUS FROU 9'
AND CORE BARREL

TO 723' USING SLIT SPOON

Unified Soil Clossificction/Description
(Color. Texture. Structure. Groin Size)

196'-20I87 siz'ev Ssav 1' AN ft )eody
mott c prwmiy gccrish Toy and
pi~plsnl Cray i.th oatnitie eolong of
*eddish btro and stoerd yec. dt.
soOy. blocky rcthwe and ceu-bly,
dry.

- redscer- greenish gray nettl.ng "do. 20V.

20-t8-223' 2LOAu.- greenish grey tsttone Ircce ,19 mica
tros.: hard blocky fractre: moist.

- rediSfh bro-n dayey sltstone laoems
czosts and certica seorns from 213-224'

- fant reoss-Iscmlation betk Z20.

TOTAL DEPIW - 22r

_ . .
_ :

06

100
0
D0

0

~0

., I-
. t .'

- r

- I Bucket (5 GaL)
of 3/8 Sent
Pellets

- 1 jcket (5 Cd j
Bentlooke (Hand-
W4ld Trcgnnents

-4.10' 0.020
PVC Screen

- 2.5 100lb. bos
TUC 8/16 Sie-
Filter Sand

.3s

7'A

I
. .

LCE NAME A-LO;9C2.DWC I
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SOIL BORING &
WELL COMPLETION LOG

ANDREWS CO. LANDFILL SITE
Project No.:

92-152
Dote Drilled: . Boring t
12/16/92: 1/23/93 1 B-21

JU. JOHNSON: A. WEEGAR WELL COCPLETED ON: 1/26/93
.4

INC

Survey Dcte:
Northing: 6260.8293
Easting: 10544.8903

Ground Surface Elev. (MSL):

3.454.55

Top of PVC Casing Elev.:

3.457.65

4

Drilling Methcd & Bit S~zes: AIR ROTARY Total Depth:
300-

Sample Uethod(s): CONTINUOUS FROM 9' TO 23;- USING SULIT SOON
AND CORE BARREL: GRAS SAMPLES EV:RY 5 FROM 23V O TD.

Unificd Soil Cicssi~fication/Deszription
(Color. Texture. Structure. Grain Size)

!;-thns 't* SAND 'Sul- srsc abs :

Graphic
Log

42.5--50 se*s ¢- !Ci- dusky red roc. hc'C cry.
fwmwasus saty ws'd taminatOLfl -th dCt
(siightly MCI *crcti-ey. sone qrqy ftite

mattfing.

3e~tonite/

so-64T Si4ty CLA- (If- dujsky red rnm herd: ;csy.
dry. white and gray -ct'Ji-g. some .4 Vrcicd
scrnd neer toP

60-W- SFtx Q AY (I'Ik dusky red hvC± _aer dry
white rnd gray mattling-



(
Terra Dynamics Incorporated SOIL BORING &

WELL COMPLETION LOG
Locrtian: Project No.: Dote Drilled: Boring No.: Grid/

ANDREWS CO. LANOFILL SITE 92-152 12/16/92: 1/23/93 8-2t1 9-GIN3)

Loo By: 1*. JOHNSON; A. WE-EGAR WELL COMP'ETED ON: 1/26/93
4

Drilling Compcnys
SCARBOROUGH DRILING. INC.I ALJ;SC. 111rAS

Survey Data:
Northing: 6260.8293
Ecstino: 10544.8903

Ground Surface Elev. (USL):

3.454.55

Top of PVC Casing Elev.:

'.'57.S5

Drilling Method & Bit Sizes: AIR ROTARY Total Depth: 300*

Sample Method(s): CONTINUOUS FROM 9' TO 231' USING
AND CORE BARREL: GRAE SAMPLES EVERY 5- FROM 231'

SLIT SPOON
TO TD.

Unified Soil Cssificotion/Description
(Color. Texture. Structure. Grain Size) I

C..

';

S5qr C sYt s . as above.

'-900 Sil-v Cl A' IC1,u tddisn-twewn: hord. dry. beon
coborlgt9 insecs Ath aepth. somte VI scrd
bc-ens th CeFlh. scme gray mottling ry

9t 1Y i dja~ky reS hord dry some f
SnCZ vry mottlng.

S9ehl.. S't.. SA (SU'. graAIS> ' tyish it!. to tg
rscd. grais ere an901r bictite end meicc Sckes:
some ye.lo.. pink and green colr. bo-tto. I (one)
Eoot more yellow HNt permeobe: dry v. vlitly

HC reo:tive~

" Coor becon;nS tcIo betl- t;S 1; Seme
bro-n/ yelle streaking vith cepth: rip_-.p cloy

tlO-s175; Itly satv CAN fSVI tar/yedow. Ig send.
slightly onsdae crins: Cry. nLw*"#Ous biotte
and mlica haves: some gray. bro-r aiveakic.:
sltgistly oC reacvt;ve t-.i bro-o. ylo-
l-inclion.



Terra Dyrtamics Incorporated SOIL BORING &
_WELL COMPLETION Lod

I Location:
ANDREWS CO. LANDFUI SITE

Prjc o: Dote Drilled: Boring No':W IIN -Project No/:
92-1S2 -'2-/16/92: 1/2: -93 El B 21 | 1 9- (

_ _ .

Log By:
1. JOHNSON; A. WEEGAR WE!L COUPLE TED ON: 1/26/93

.

INC.

Survey Dotc:
Northingc 6260.8293
Easting: 10544.8903

Ground Surfccc Elev. (USL):

3.454-55
Top o: PVC Casing Elev.:

3.457.65

4

I Drilling Method & Bit Sizes: AIR ROTARY Totol Oeptn:
300'

Sample Uethod(s): CONTINUOUS FROM 9' TO 231- USING SPLITs SPOON
IAND CORE BARREL. GRAS SAMPLES EVERY 5 FROm 231' TO TD.

Unified Soil Clossificotion/Description
(Color. Texture. Structure. Groin Size)

Graphic
Log

- Red. IS sond. roam 116.S to 17.5.

Sew#p¶ti sii SANt) 'Suk ton/ycoaw. 15 sanod.
sligrtly angular grains dry: numerous raicc crd
biatite lakes slightly HO reecti.e thii, ydlo
laminotion.

- Red. yeNI0 and groy lamk.ot~irs. 90o-1
oene 00: . gro)y

5: (ery) flentonite,
Typ I portlaond
Cenent Grout

SIty VAY fC'0 d usky ret nmwerous
gary =toy ctcsts (greenish-wnit*) uith

occCSond n ustor ycto- rnot'ling:
moe. hwrd blocky fracture to sL cnsbly.
dry-

Fll t NAME X-LOC9C.WC



r-.
Terra Dynamics Incorporated SOIL BORING &

WELL COMPLETION LOG
Location: ANDRE:WS COQ LANDI SITE |Frojec; No.: 1Dote Drilled:Loato: .11 Slt92-152 112/16/92: 1/2

.
. _

A.IGnd/

1U. JOHNSON: A. WEEGAR WELL COUPLETEO ON: 1/26/93
Survey Datc:

Northing: 6260.8293
Easting: 1 05t4.59CQ31'

Drillinq Comoony:
SAORMBAMORMOA TXILISNG INC Ground Surface Elev. (USi4:

Drilling Method & Bit Sizes: AIR RCTARY Total Depth:
300C

- 3,454.55
Top of PVC Casing Elev.:

3.457.65Somp'e Method(s): CONTINUOUS FROM 9' TO 231' USING
AND CORE BARREL. GRAS SAMPLES EVERY 5' MrOM 231'

SLIT S-OON
TO TD.

Unified Soil Clossiticction/Description
(Color. Texture. Structure, Groin Sie)

Graphic
Log

s5tt pAy 'C 1- scmce ft abou

(C

*0

- b.creusec mutard ycllo maotUing beow
180a.

- 45 Wfcensike at 386' wc. cd~te
CystotZctio,. along sla one: inceased

Tbo en gray 1e86cribc mc'Uing belo.
16-7 St inreased Crumnblytexture

bcdc. 186'.



SOIL BORING &
WELL COMPLETION LO

Locction:
ANDRcluS CO. LANDFILL SIT_

Project No.: Dote Drilled:
92-152 I12/16/92: 1,

I-

L 1. JOHNSON; A. WEEGAR WELL COMPLETED ON: 1/26/93
.9

INC.

Survey Datc:
Northing: 6260.8293
Ecsting: 10544.e903

Ground Surface Elev. (#SL):

3.454.55
Top of PVC Cosing Elev.:

__________________ 4

Drilling Method & Bit Sizes: AIR ROTARY Tatol Depth:
300-

Somple Method(s): CONTINUOUS FROM 9 TO 23 USING SPLIT SPOON
AND CORE BARREL: GRAB SAMPL -ES EVERY 5' FROU 231W TO TD.

3.457.65

Unified Soil Clcssification/Description
(Color. Texture. Structure. Grain Size)

196-Z0&s 9SnChr S31Ytv 1 LY fCi' heamwy
mottleC DOfrardy 9 tendsh gray and
PuvIiSh gray .th deneritic cowikg of
reddish *tao., and mustorc yeIo-; Sl.
soapX baodty frcsturm and er.nbi)g
drjt

- r'edced greenish Sryoy mottling ber 201.

2O&s-2: 8 5 XT oULI. green.sh grey ststone: trace 1fg mica
frogs. hord blocky 'rocture; moist.

- reddish bren clayey siltstone "mrs
ciosts one -- rtice: seoms from 2It-22'

- tont cross-lomnCtion t d_ z20.



C
Terra Dynamics Incorporated SOIL BORING &

. WELL COMPLETION LOG
Loc'tion: Prole-t No.: Date Drilled: So ig No.: elNo.

ANDREWS CO. LANDFILL SITE 92-152 12/16/92 1/23/93 B-21 9-G(3)

Log By: Survey Datc:
U. JOHNSON; A. WEEGAR WELL COMPLE70 ON: 1/26/93 Northing: 6260.8293

Drillrin Ccmiany: Ecsting: 10544.8903
SCARSOROUGH DRILW NG. INC. Gr.ound Surface Elev. (MSL):

LAMESA. TEXAS 3_454_55

Drilling Method & Bit Sizes: AIR ROTARY Total Depth:
300' Top o1 PVC Casing E£ev.:

Sample Method(s): CONTINUOUS FROM 9' TO 23!" USING SPLIT SPOON .457.5

AND CORE BARREL: GRAS SAMPLES EVERY 5S FROM 231 TO TD.

Unified Soil Clossification/Description Lith'c Depth F' Wei:
(Color. Texture; Structure. Groin Size' Lo- (feet . j Design

JltA. S11d .. .. -

t

(

238-24'S S4v C Ay ( 'V red ish brown ano meroon -
slty ccyso:one with greenish gray rnatting.

IL

F
249S-251 SI T - - greenish gray filtsto'e.

251-2.57 Sil!. TtAY fCL'iw reddish. bro-n and mrCroon _
silty Vloystone ,ith slight purplish gray mottling. _

257-26C.S 5'i' 2 aY (VN - maroon Cnd pjrle silty
claystone ith greenish gray mottirg._I _

'4C-

-- i

-25C-

26C-

_46_

_:7

7/r

06?p
0 0

0
0 0

0O,

o0'a

00P

D0

0 0
00
0.

- 5% (dry) entonite/
Type I Portlamd
Cemen^ Grout

260CS-291 yV Stin. CLAY tIW r- reddish broawn nd Microon
Wry Silty Claystone with h1.0y mottting of
rnuslcrd YCrC. an P2VrIt. _

II

- 25:

- 260.S

263.

273'
273?3'

-2 Buckets (5 Cct.)
of 3/6- Sent
Pellets

- itO' 0.20
PVC Screen

-2 ' ICOr. Eo;s

rjt. sa nd

Fa: wiit: A-LOG3 DwC
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Terra Dynamics Incorporated SOEL COM ION L

Location: Project No. Da'e Orilled: |Boring No.:AIlI/N
ANDREWS CO. LANDFILL SITE | 92-152 *l2/16/92; N:/23/93 E-21 | 9-S(3)

Lg Sy: .JHSN Survey Data:
A.. JOHNSON; A WEEGAR WELL COMPLETED ON: 1/26/93 Northing: 6260a8293

Ecsting: 105,t4.8903
S CoRS&GIH DRILLING. INC. Ground Surface Eiev. (US:):

LAMESA. TEXAS . 3.454.55

Drilling Method & Bit Sizes: AIR ROTARY Total Depth: Top of PVC Casing Elev.:

Sample Method(s): CONTINUOUS FFROM 9- TO 231' USING SPLIT SPOON 3.457.65
AND CORE BARREL_ GRAB SAMPLES EVERY 5' FROM 231 TO TD.

Unified Soil Clossificotion/Des:ription ithic DepthI "' I Well
(Color. Texture. Structure. Grain Size) Log l(feet)I r - .Design

v saly Ci ak (u"* some cm CDOwt

E28 -
- SC-

SOC--

Fd0 .

291'-30 R t,l CLaY rr1 I dar teedish brown iaty

3aystone

TOTAL DEPTH - 300'

- -
IL

I1LI
rtL WIAEa: A-LOGl_ DnG
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Terra Dynamics Incorporated SOIL BORING LOG
Location: | Project No.: Date Drilled: SEoring Nc.iGid No.:

ANDREWS CO. LANDFILL SiTr 92-152 12-10-92 Ia-;s 9-H

Log By: Drilling Method & Bit Sizes: Survey Data:
A. W"-GAR AIR ROTARY Northing: 58807.9313

ORIWNG.nINC. ,.Sample Method(s): Easting: 10.333.6242
CIARB UGH DRILUNG. tNC. Sor.leGround Surface :ev. (MSL):

LAUESA. TEXA SPLIT SPOON: CORE ARE

Driller Total Depth: 3.A39.66
LANE SCARBOROUGH 100

Remarks:

Unified Soil Clossificatior/Cescription
(Color. Texture. Structure. Grcin Size)

D
|(f

ep
feet)

0 �

Graphic
Log

R:ec:vred

_ .

Stroctigrapric
Intervol

-TIL.S~IlZ brcow silty son= organic Plc-It. "Ite'ricl f o ticmist.

-CO. AI l~ke` pinkish tCen SOnCy Silt: mod. hardC ann o~cile cytas
ior.9 ,cmnantiofs and WI vugs: day. Dczot co.-mc, frm draller

5

. I . t ` 5

w
. . W. ..4.3

10.5. - 15.7. silt' (I AYfQI1 mottled dusky red. yello.. pini. o'c gr:): CnrintIy.
eion-picstic; carb. plant material: m~cc fregs.; s.*. scc-py) clx

-

10 ~5

r111/A1

I N7

cCAtLALA

.A 5A=

-1 t)- L�� I
'5.7 - 16.2 CCSteni l Siltstone: Sol': Croumly CaClky. Very

SQ.i@OC "10Oi 111cc fro5~dr
16.2' - 8.3' .Ps. SAmN IfsuN- reddish bro- sand */ greentie gray, silty nc-rHr.

scrc is7 gaistic 19. subang. to cng.: contoins dk. min. frogs
e e maca frogs. moa;d. hbor J rnNl. biccky froc:ure: strong

11.3 - 22 51m. Cl AY (C:L altemc-.ing layers of greenish grey anil motled
aussy red and yellow. crwnW)& sot-, to mod. hberd blocey
fracturec cOo. plant materiol rmic trcgs dr y

I

- I
b===;==

- -I MR

_ - :

'I.

22 - 37.2' Sillv SAWD fSMJ reddish bro-n sand ./ greenish grey. silty metris
senc is gronitic fg. sDbang. to eng.; mod. reection -/ MCI to mctriv:
notural eerticcl fractures: thirnly bedded and cross bedded s.c-%stcne
end sandy Siltstone: mod. We'm. to oei_: Cry

-- I I -1 I

1
-25 'I

S

a1

v .

i- S

too

37.2'- Z v Se'.v SCTSTONC utul greetnisn. groa ls~tane one oline ten
s:ncstane send 5 .1-g. sub,.: horc. S1. n'.nyr. mod. teoation to
MCI; mica frogs.; dk. rni trcgs: norit. to crossn*aed; Cry.

T^V-,
FILE NAlE: A-wcG!1.OW.C I



Terra Dynacmics Incorporated SOIL BORING LOC.a
I1

Location: ANDREWS CO LANDFIL SIject No.: Dat rilled: |BO in No lid No..
AIRw O. ADIL IE92-152 Doe12-10-92 1 I-11A~p I 9-H

Log By: Orilling Method & Bit Sizes: Survey Dote:
A. WEEGAR AIR ROTARY Northing: 5807.9313

Drilling CompDn Sample Method(s): Ecstin: 10333.6242
LAUESA. TERX.S N SPUT SPOON: CORE BARREL Ground Surfoce Jev. (USI):

Driller Total Depth: . 3.439.66
LANE SCARBOROUGH 100-

Remarks:

IRecovired I
Unified Soil Clossification/Descripticn 5DePt Graphic It Strctigraphic
(Color. Texture. Structure. Groin Size) (feet) Log | Ft. l Intervol

__ 4Sampled

43 - 60 1 <S:1t SAN( (SU' otive. re and pink scnd r/ reeriirb gray matrir.
aond is vf9 - eq angular to subrounded and poorly sorted: mica &
*k. min. Iro;S. ttrecugot mad hwrt: S. cum.bly. mod. pea. to
HCt. no reaction w/ HC. heori. cnd crossbecdoec sligntly higher angle *-
bedding and larger gram sand -han cbro.C c~ppren: ._eCthered iron
onide zone throughout ry. basel contact .roam driller

-45

-50-=

-55

-60

_

'aa

*1

/ in

I. .. .; .

_ i

I I … - 1

60.1t - r1.70' Ct Ay I' 1- tennisn yello-. Socpy. pPtsti= mod. hert. moist

Sl.JO - 65.757 t' Al rc dk mcrooo: sL plostic. s0cpy: sticky. mad. hard:
maoist core pmmet in cerrel.

�ft

I

4
-E5 __ -;w

65.7S- - 75' timer Safdr SILT lUel dusky red scndy. clayey silstone d. min. frcgs
and mec: tWroughout harc; blocky frc ture-. no reeat on -/ H4
nan - permnecble to HC: dry. IfiT �P �

.. , ,. ,,,.
-70-

5.I

G
- -

I I

75 - 100 V 0mm 91- U-' I CUSUy red 3its~tne t hire: COi c=C.a trz:zre.
mica and k. mark frOes. thliny lmindctee cry. oczcsionad
streakS of ight greenish gry cloy.

b

- AL....: -

lXE EwJ: A-LGC9KNWG
I



Terra Dynamics Incorporated SOIL BORING LOG
Location: Project No.: Date Drilled: . Boring No. Grid No.:

ANDREWS CO. LAND`ILL SITE 92-152 12-10-92 | -1 I 9-H
A _.

Log By:
A. WEEGAR

Drilling Method & Sit Sizes:
AtR ROTARY

Drilling Compony.CARBORUG DRILLING. INJC. jScrnple Method(sy-
LAMESA. TEXAS SPLIT SOON: CORE 9ARREL

Drille: LANE SCARBOROUGH Total Depth:100

Suxrvey Data:
Northing: 5807.9313
Easting: 10333.6242

Ground S;rfoce Elev. (MSL):

3.439.66

Remorks:

(

Unified Soil Clossification/Description
(Color. Texture. Structure. Groin Size)

V :oves SIlT ft same os w

TOTAL OE*T,1 s 100'

. . .

N.&E NAM-. A-LoCE.4DWC I



Terra Dynamics Incorporated SOIL BORING LOU
1

Location: Project No.: I Dte Drilled: Boring Nc.:rid No.
ANDREWS CO. LANDFILL SITE § 92-152 01/23/93 B-S_ 10-9

Log By: Drilling Method & Sit Sizes: Survey Data:
R. UcGOWEN AIR ROTARY Northing 8738.0161

Drilling Company: S-mple Methoo(s): E
SCARBOROUGH DRILLING. INC. SPUT SPOON: CORE BARREL Estmn: 11 .4&Oe94

LAMESA. TEXAS Ground Surface Eiev (USL):

Driller Total Depth: 3. 480.41
100'

Remarks:

Unified Soil Clossificotion/Description
(Color. Texture, Structure. Groin Size)

o.0.-1.o* TOP SO dlL. bra-n. sand. s2t. or~onec mawciot.
loose. o'y. _~

Iff-10O C. PC~~ It. lat. calcific cemented sit and
send. s19-19 quartz Sand. Soft. drY.

Depthf Gr
Ife) I

-0 . -

-- Ii

.l I

ophic
Log

Ft.
It.le

Stratigrcphic
Interval

_ . .
. _ _ _

DR.L
MIT:
we

CU_:s.V=

- reddish ton 5-10'.

*C'- 20 SAND I`SW~t ton 'a: reddisft ton wf9-fg vcrt-.
SonC: seottered colciti: cemented Send daOSt
soft; cry. r

6-

20'-3W Ci. tC'- it. ton-Cray calcitic and micrit'c cemented
sooc and s3t. vig-1g quoll sand. micritic cemeent
has concretfio rings; SondV.0n* fithociost .ith
saics a enctc~oms n micritie matriC hare: dry.

3WQ 325* SAIND ed GRAV4 (SWI- ItL tam.-gray A9g-f9

qwuat Send ON4 Pebbtes; Pe~bIeS raissae toangular.

, v J

-1

20 3

25-

301

35-
tO-

MUASSIC
32.S-71.s

Sot.; dry.

- X~t nodules O~P~Os. 1.5 aOt 36' 0c 38'.

-

-I

I

a

~' ~11- 2

- ------
PILE NAi-': A-_ocioe.owc

I



Terra Dynamics Incorporated

Location: Project No.:
92-152 6-50

Log By: Drilling Method & Bit Sizes:
AIR ROTARY

Somnpfe Method(s):
SPUT SPOON: CORE BARREL

Survey Data:

Northing: 873e.0161

Eosting. 11148.0894

Ground Surfcce Elev- (MSL):

3.480.41
Total Depth:

100-

- Ceohesk,: plCStiC COMP; yello or.C purple slight
mottfins

- purplish rec with ydlow at 4i-45'.

- yelol. mottln; bceck at 47.

- healed frc~ture ariented 30' frkom, vertcd.

73.V-100' CLAY I03- Mee (1/4') frcc.. cYCite
Spar. or.ented 60' from wioml c: 7a.0

- red orange with yellow CnC purpli
mattlin5 and Sren-sh hit. raodle.



Terra Dynamics Incorporated I SOIL BORING LOt,
1

Location: Project No.: Date Drilled: Eoring Nc.Grid No.:
ANDREWS CO. LANDFILL SITE 92-152 O'/24/93 B-SO tO-3

Log By O Drilling Method & Bit Sizes: Survey Detc:
* R. WtOWEN AIR ROTARY

Drilin Coocn-.Northino: 8738-0151
DrligSCARBOR(OUGH DRILLING. INC. Scrmple Method(s):Nrtno87.16

LAMESA. TEXAS SPUT SPOOk; CORE BARREL Ecsting: 11148-0894

Driller: Total Depth: .Ground Surface Elev. (MSL):
100' 3.480.41

Remcrks:

tUnified Soil Classification/Descriaption IDCcthl ic eO e Str tSrphic
(Cotor. Texture. Structure. Groin'Siz-)|§et) Log |F.|I~nc

- -. ofer of spry calcile ze nenteC cloy ond
t.

- opDrox. S6 red. yelo. one purile notlieC, no
whitish nocjesi

- 95'-9r ,;tish green coy noeureS Sdettered
o.S-O0.75'.

TOTAL OEPTH . 10o

k V/-///Ik k
I- I *"_ R

MR ?

-90

L a5-

-il

_ 1

I .

120r

10.6

10.S

4.5

10 5
C

.

FlLE NAME. A-LOCOe.DWG
I
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F

Survey Dctc:

Nc:fthing: 8284.7750

Ecsting: 10936E8294
Grcund Surface Elev. (MSL):

3.475.51

03-17 CA "t4c- %iish tl It ton. cal:ite temented sat
onc send; vfq guor= sone; sot.

17-29 ,CA- ltcr 9 ray to Itton. elcitkc-mieriti:
cetnented sil: Or.C sene. vfg oucr- one 'e.ldcor
scrC mnkcitic .rcments snao. cncreliCns:
sOndstzne litihoclOsS wit sitc. rnMs in atcitie
mo-rix: eoneoidao slieo fraorents hora

29s-ss CLAt (CL red; sccttece cClcitic srnd :c'hicles;
*ott ona roi4t

- sor noules of gree' dcy



Survey Dccta:

Northing: 8294.7750

Ecsting: 109o6.8294

Ground Surfoce Elev. (MSL):

3.475.51

- Purplish colo, o:- 4t.

-30-40% green da. 41*-42 (Nodulr).

- Mostly 'et doy <1= green.

.- Ye*oe. cloy rmotli-S

- Less purple color.

59 - 85 CLaY (CE. ted-orcnge .;th yello.b-gre
mottlinm ong sorne reen Cocule1.

- Verticl frocturm fro.m i0-SDi!: both seccndory mniworodiction.

- Oucsi brittb

- Ve.til firclture wilRl black rmmpercizcticn.

- 45 frscturem heoled ith yero cloy

- YVeo./green cloy noedes -ith r. Je Cloy
canc-etions

- erittle

- Green cloy .,odue oo3oo. C.15 ?t



C> Terra Dynamics Incorporated

Location:
ANDREWS CO. :-ANDFILL SITE

| Project No.:
I S-2-152

.

IR.McGOWEN
Drilling Method & Bit Sizes:

AIR ROTARY

y: Sompie Method(s):
CORE BARREL: SPLIT SPOON

Survey Data:

Northing: 8284.7750

Eastuig: 10936.8294

pround Surface Eiev. (MSL):

3.475.51
Totcl Depth: 100-

Unified Soil Clossificotion/Description
(Color. Texture. St.-ucture. Groin Size)

av-96 C AY ,CI pinkish yeplo d.- to ierercCed
COetelt ef yI o. to n liSh grten cloy.

( - green day nodutes oa2pox. 0.15 ft.
- 45 heOfrd frolture 91'.
- 30' heoled frtcture 89
- hard and brittle enc dry.

- S' froc. heeled 99 5 Cnd 98 5.



; 1
SOIL BORING LO(

Dote Drilled: IBor;ng Ne.:|Gnd No..
01/18/93 1 %0--4 *o

Survey Dotc:
Northing: 7831.6956

Eosting 10725.4492
Ground Surface EeIv. (MSL):

3.469.62

Unified Soil Clossificction/Description
(Color. Texture. Structure. Groin Size)

bro-% saty sont ergonic matetid:

CALtWE: yeflorith .hite: trace dark and pink
vfg aone tragment:; soft. mod, ha4d pi*kis
tAn layeT dry

S:-TS CAuO.r fo ish w .. ite hcrd; rOce dg to c9
C1' and pink sonC *ogL dry.

Ga-.e. S MQ 'SW)- ton: '- to cg sand;
ang~ulr to subroundeC darn .hite. pink and
opaque yred throughout angulcn leas: ery-

2X-42.8 Sl- L A1y f? N moroan dcy dense: st.
Plastac mo.5L



IN

Terra Dyaramics Incorporated SOIL BORING LOG

Location: | Project No.: Dote Drilled: Borina No.:rid No
ANDREWS CO. LANDiU. Sit 92-1t2 O /t8/93 | e-4 | lo-(

Log 13y. Drilling Method & Bit Sizes: Survey Dooc:
A. WEEGAR AIR ROTARY Northing: 7831.6956

Drilling Camptony:
SCARBOROUGH DRILLING Sample Metod(s):7 .9

LAMESA. Tr-X~AS ~.N- SLT SPOON: CORE BARRELEatn:17549
.Ground Surface Elev. (MSL):

Driller: Tozal Depth: 100' 3.469.62

Remarks:

Unified Soil Clcssification/Description Depth Graphic ReFovt Strotigrcwic
________Texure,_Stru-ture. Grin_ Size) In o-4 Ll Itervol
(Color. iexture. Structue Gri ie fe) Log SomLe ______

22
r ~ '

425-53 4 SUv SAC 'Su- rwlt.clOareC ra4yish green.relo'-. in one pink sity ACndsione end thin
htervals oi sar-dy siltstone soRt onc Deope
aDpearCnCe of WS to IS CuOrtZ Gnd fCelS0r
scno -itb *9 to CS miCa ane Dirtite Rakes;
gray Cnc yelo Clay aests tnroughct
inreclseaclay daest in basal 3; trace block
minererotian along bcddin_ mod. hard

eteivm corionate Cernented: blocky i rature
cnc crumbly. dry.

5i 4-S86 S2t CLAY 'Cl '1 purple red .i.h hccw
montlin5 Of yalloW. onc roy tS-:; nica
frogs: cnrnbly. dry

58.6'-60- FSSI CA' 't ' rusty red sity dlaystone
.'tnwll cr5

i -1 11.1 i1
-45 /

I 1.1*! i I-
- XL S

_7_0

r7////S
I W.I

:3 i
_n7±>z2- -

V 10
60'-61'

mradtn m eio andqc..E iafos ..

IsC n nllatatslyslymtra

<_ , _

v, ...

61'-73 S;tv etAY (C'L- alter'tin5 layers Of purple/
rusty reC one neoasy mottled yelo. and
pinkish red 3sty dleystone: Oc:csionac cacsts
end tubes c' greesith gray d:=Y Waocky
fvc-ture to crunoiy. mod. ncfc: Cry

up I1 - I W. 1
t0 /////g

I I IR II
70

,I

5. /

IC

5.2

-I

7Y-82' S.lt - AY *C1 dlusky led sity dcystont
Srfeesn gray ccsts eCn lthbes througho.uZ:
deese: blocky frc:ture: dry.

- prir.ery slickentice a: 785' s itt cd:l.hun
car~anate ceseints-o,0l olo-, lroctvre
pOne (30-45' ngqt).

1 IC

AZ

elo

.. .

ME. NAUE A-_OCloD.0<' I



I
Terra Dynamics Incorporated SOIL BORING LM,

Loccition: ANRWi'.LNFLLST roject No.: Date Drilled: Borinq No.: Grid Nc_.
ANR1 O LNFUS~ 92-152 Oi/18j/93 B-' 10-D

Log By- Drilling Method & Bit Sizes: Survey Data:
A. WEEGAR AIR ROTARY

Northing- 7831.6S56

SCARBOROUGH DRILLING. INC. Sampleg U107od.s)9
LAMESA. TEXAS SPUT SPOON; CORE BARREL Ecsting: 10725.4492

D rTotal Deph: Ground Surface Elev. (CSL):
ero: o100- 3.469.62

Re-norks:

oSoil Clcssmctic-i/Description Dept | RecGveed sictig Fth.cUnified SolClt.Stoig~~
(Coior. Texture, Structure. Groir, Size) (.eet) Log Ft Interval

tav- ///SASornazlerS

82-aas Sv CLAY (CL) rvs:y red a,.d htoly -at-J/ed
witn yellro cra grovsh purle: grirnisl~ coy
CostS MC t'jeS OWr0U5houtL blOCki. frace- s-e:

as-tCo' SLty CY (tlC purple dcaysztone ril yelo. _
une --eeris' gray meowirs rruntiy.' ceenish IV
grey tubtS through4out dry. s9O

TOTAL DEPTH - 100



C- -ITerra Dynamics Incorporated SOIL BORING LOG I
Locction: Project Nc.: Dote Drilled: 3oring No.:|Grid No.: I

ANDREWS CO. LANDFILL SITE I. 92-'52 12/16/92 1 E-9 |10---

Log E A. WECGAR; R. McGOWEN
Drilling Method & 8it Sizes:

AIR ROTARY

Drillin UAflJ''R0UGH DRIWLNG. INC. Sample Method(s):
LAMESA. TEXAS SLIT SPOON; COR_ BARREL

Driller: Totci Depth:
LANE SCARBOROUGH 100'

Survey Data:
Northing: 7378.4802
Easting: 10514.32S1

Ground Surface Elev. (ktSL):
3,467.75

Remarks:

Unified Soil Class ficotion/Description |Depth Gri R v Srctigrdphic
(Color. Texture. Strucitre. Grcin Size) i(feet)I LFt Samerpl |

G'-1' - I2S2* ten Sty scand "eonk ncterct soft: loose: rscst _

I'-lCSC ? ,*inbst .hite Cd46ium Corb. cernentoc. harC:

WRIL

(CRAB) TO

.19

Yt-19 9SDV fSSW pink snd witb wnite. red. blUck and cocquc e
oro Z.`so. rJ s.tg-C; cve: *ea runaeC; .mes is Duar. to ,ell

CeUnred 4qucrUte IODSC O'Y. - 5y

l9-(6i Sdie^', Silt_ C' Ar' (Qi dusky reC with ,.itish. gray mm: ne .de se; -20C

-ca cDrChange to maroon -;th vhitis rcy -notting be't_ 2t. _. 2

22

25 2 2
-t'- 32

30 j ~ f
-2m21

3 ATY tC- V dusky reC cr -Jnrb mod. herc dry. j- 1

79~-4l- c e .. t.t- K tyend yelo- siltstlone: micc _ e
ME _ _" ____ _-L olmc _ I_ , ___/_

flbu NAME A-WGICilEOW G I



ANDREWS CO. LANDFILL SITE

A. WEEGAR; R. UCOWEN

2BORtUGH DRILLING. INC.

Survey Data:
Northing: 737EL4802
Easting: 10514.3261

Ground Surfoce Elev. (MSL):
3,467.76

Unified Soil Clcssiricaticn/Description
(Color. Texture. Snruceure, Groin Size)

St. SANA rSA Soeekked overwnco of ree pink oite cne
reen s3ona wos. _;th -hite. yeto. and green motrin so'd is

Ws-t; sube. te *ouaded: smal to Wre biC:.te and mice
ftioes throughovt- mod. Perm. to 4. rno reaction -it HCI:
lo. angle cross-bedding: moCe hcd: cmclky. sL crumbly. dry

'0.-si.

"v SP40 JfLA~1 tcp C..3: sueckldt red. .hite and green sandwros. en:.yewan MOGreen mao.r. send 19- uncE,-nntj~e.
tionall as Cbo~s. MO rP-vp CICts:s dillng or ek et 55..

S.lizt,t, Silv C-'f (V 'r m ncroor.; crumnbly; mod. hard. cry
Si1ghttt-y moist.

sl~aht,.. Silt.. OA~ ML~ dUl~y red; VUflbly. mod. haft. dry.

70.-W Sr.Oht,*, SO- CLAY frV dUlky red: CJrU~bly. mod. hord.
Cr. gfoy-ente. ten mnottlinl;



C Terra Dynamics Incorporated SOIL BORING LOG
Loc_30n: Project No.: Date Drilled: Boring No.: Grid No.:

ANDREW9 CO. LANDFIIL SlTE 52-152 12/16/92 B-1g 10-E5on:

Io9 By, A. WEEAR; Rf. UCGOWEN
Drilling Method & Bit Sizes:

AIR ROTARY

Drilling ComponyA I Sample ethodfs):
SCARS5OROUG~rI DRILLING. INC. S ml ~to~)

LAUESA. TEXAS SPLIT SPOON: CORE BARREL

Driller: SCARBOROUGH Total Depth: 100*

Survey Ootc:
Northing: 7378.4802
Ecsting: 10514.3261

Ground Surface Elev. (USL):

3.467.76

Remorks:

Unified Soil Classification/Description
(Color. Texture. Structure. Groin Size)

ao--go. Sl-cnAi 3ttytAs A1AY 4,tl ed strtty m crrom mod.*cagoout z ote crumbFT.Ury.

go9- -t SI;fAY tvCAY (C moroon moda ForC lest mottrwS

TOTAL ODET = 100'

-i

.

FI-r NHAW- A-LOCIOE.DWC !



Terra Dynamics Incorporated SOIL BORING LO
Location: Project No.: Date Drillec: Boring Ne: Grid N;

ANDREWS CO. LANDFILL SITE 92-152 12/19/92 B-25 10-F

Log By. Drilling Method &t a2 Sizes: Survey Data:
A. WEEGAR AIR ROTARY Northing: 6925.4458

DrEllincCpEasting: 10302.9162U.ARrKMG. DRNIWG. INC. Sample Method(s): Ground Surface 67v. (MS):
!LAM=ESA. TEXAS SPLIT S-DON; CORE BARREL 3,467.67

Driler UZARO GASTILLO Total Depth:
JOHN SCARBOROUGH 100

Remarks:

Unified Soil Ccssificot;on/Description ID
(Co-or. Texture. Structure. Groan Size) 1(f

O-C.y DQeSO". oron ty sadOnC or- otenaled: -asi,

CAOf grayish nite CZ4cIm CrJD Cemented sit t_
Vtg pnmk sand fra;s.: conCenti SVOut rings: . htcr dry

5-11 rAtt14F gr*Aysh pink: auCr= son onc srov trourraut;
mod. herd (Le.. sotte, tnon Goveh.) dry

Sitt. Sro A SaND fSV)' Danr and OPOQUC sand grcir. Nwhite
dork rne red gra-el with pinlish ton sit matrbc scne is
frg- fg sand and gra-' is sulrounaed to rounoee quart.,
loose dry.

1S -31 tr AY ft' r, maroon ./mottng of pnkisn roy. oetse: S3i
scy. olocky lrcture: crumoly in upper 2. mot.

' trXL
L
L

epth
eet)

0 -

Graphic
Log

Recovered

Ft.
Sampled

Stratigrephic
Intervaos

,
-

1
ii

lo.]

.5

b 5-

>20-,

*it
(CRAB)

CAluL Wt
VWI ROGt Oil

TO 1S.5-
LOG

cUTVncs

Na
(GRAB)

OtALLALA

25-

wo.

I~

'4

Ift t aL U(GRAD)2

'4

(GRAS I CLL OurNM?7v7t

.•RA

Sat_ Q-vY (tLV dusky red -i p0nosn 9ray mo:-Jnr, trace
wql minca hkog rnod. aenle: mnrist

I- II t.U

-

t _ F 
_

175

S
, _ _

I0
bt~ etSCe er P:lt' C!AY (CLV (see -e.. Dage

tfr des:i-p'in)J

I- 2IA •.
i 4 0 ,,77;

rrE NAZ: A-LOCG' D.DWG I I
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Terra Dynamics Incorporated SOIL BOING O%;,
Location:

ANDREWS CO. LANDFILL St TE
Project No.:I . 92-152

Oowe Drillea:
1 12/19/92

S Bring Na. Grid No.:
I 25 10-F

Log Bry
A. WEL-GAR

Drilling Method & Sit
I AIR ROT ARY

Sizes:

Driiins Cmpcy. DRILWNG. INC. SaMple Method(s): 'BRE
CASLAMIGSA. TEXAS SPLIT SPOON: CORE BRE

Driller: LIZARD CASTILLO Totcl Depth: 10
JOH-N SCARBORCJGH 110

Survey Data.~
Northing, 6925.4458
Easting: 10302.9162

Ground Surface Elev. (MSL):
3.467.57

RernarkS:

Unified Soil Classification/Cescription
(Color. Text-ire. Structure, Grcin Size)

2L.. 1 £- In-( anterbeaded prpie mnd d.usky
rec s~ity cloy .th dOasts and layers at greennis
gray cicyny silz vig mica frogs. igtwin silty
iayeis. corb. plan-, material common .if docye
20nex; wry ci,'ubCry. O

9FV -lOG

TOT^l. 0ER~t AT Int0

v-- S4-? 17 tri - M. O .tI Igin O~n 'cnis. 9P.
W.cd~..onsz GesI; Wognily iSopy. F

I-

Air' MAUE. A-LOG]OF.DWC
I



Terra Dynamics Incorporated SOIL BORING LOG
Location: Projec: No.: Oate Drilled: Boring No.: d Ne-

ANDREWS CO. LANDFILL SiTE 92-152 OV/11/93 B-35 11-C
)rillin eth t Szs: .

Log Al.- WEEGAR/R. U'GOW:N °-31_7 MD ROTARo (MOST)zs Survey Dcto:
31.7-. AIR ROTRARY (SCARBOROUG-Il Northinn- RACIA 1AAe?

Drilling Company: Somple Methcd(s):
SCARBOROUGH DRILLING. INC ICORE BARREL: SPLIT SPOON

LAMESA. TEXAS__ _ _ _ _ _ _ _ _ _ _ _ _ _

Drifler. Total Depth:
100O

''-'-'7-- .- a
Eosting: 10483.4609

Ground Surfoae Elev. (MSL):
3,474.91

Remarks:

Unified Soil Clcssification/Description
(Color. Texture. Structure. Grain Size)t

C1-S.5, S'l I b(%. yeflov, to lignt ton cai~clhe cernontec:
sit; moo. $of-: dy

5.57-IZV !ap-el ,S1 SANDO ISUV yello-. to light tC.71
coecurn' cementea sit tscm~e as cto-e);
overlying light bon/pink cehicee ccenefited s~tX
S=nd: ovenying coliche, cemented oink sand -th'
dark and red Srovel; shod soft ,.ith increcs;,ng
hardness to~oeafs base.

12.5-9.2 AII!I- pinkiSh ba-n CCICi.,m eC~./dolomrhifC
cemented sand. sill. yVost i.th ccncentrnc
rfradh dO~s$-S: oppeats as gr-.th CloSts

- boating in mnCtes of silty sandy gravel. soed
is vFg-lg aiwar~t and leldspor. gracel .s coarh and
red-. -. Carc- non-frcclored.

19.3-23.8 ~CAttKNE h~ eiitiso ton~ cole. ccS./dolonitic
Cemhented silty send i..h cdsts. of pink gravely
gone. hitis t :Ch Silty sand is vfg ot-.. ond
foddpopr ith trece dark gravel. fwink clasts
are aroritic svWg acndendS;w parti-Cily
healw verhco frccture; .ae

zs.8*-2!er CAL t_: pikish ton sand ;~thn growl; sced is
vig-lg qtz. and klelsor: gut, rchvnded.

2 growl is onguler red. blcck oisO evoaae: trace
wg ~mm) one dinagoncl frcct,,res. rec.,ced

cernentation inn basal 0.5.; s hard-. boleS
contact from Cr31-blreak.

28.7-30 r Sandy CSAWE* lGWj- V4,k send .tl' CooCue.
wr.nstc. dors adn etc eravel and cobbles: Sand
is wfS;: grvel 0nd Zoiblies cng.uIaf zo e11

30.7'-42' CLA (Cy'A dusky red: baord: dense: .msth mh~te
Cdle. Cecr. inclusions: unoisZ. y.eia- cne putrple
mottlinS blova 38'.

FILE OAUC A-L0!.'tC.VWGI I



SOIL BORING LC
Date Drilled:

01/1t/93
9oring No.: rid N

I eln r 11-C

.7 MUD r
AIR RO-J

Sample Method(s):
CORE BARREL SPLIT SPOON

Survey Data:

NorthLng: 8496.1842

Eosting: 10483.4609
Grcund Surface Elev. (US):

3.474.g1
I

TotcJ Depth: 100'

*2- 100 QA f- ' heoily mottled purple. grOa nd
yello'. Cloysoe. mod. hborc brink- pf mcrily
Dbocky fracure _ith some Zones of fasim
cloystone gre4 ccsh ;oy mnclusions ttwoughout:
trace fetros aside nodules;; "

I

i

- Cole. corb. cemernted layers and aodules
Common beo- 69s.



C Terra Dynamics Incorporated SOIL BORING LOG
Location: Project No.: Dcte Drilled: Borint NO nd No.

| ANDREWS CO. LANDFU SITE 92-152 01/11/93 B-35 |11-C
- - - .

Log By: A. WEEGAR/R. M'GOWEN
1nlm -;!:7. cc cIt. azes:O-3? 7 WUD ROTARY (HOLT)
31.7- AIR ROTARY (SCAR3ROafUCH)

Drilling Company: Sornple Methods)-
SCARBOROUJGH- DRILLING, IN. onlLetds)LAMESA. TEXAS CORE BARREL: SPUT SPOON

Driller: Total Depth: 1

Survey Data:

Northing: 8496.1842

Easting: 10483.t609
Cround Surface Elev. (USL):

3.474.91

Remarks:

Unifiec Soil Clcssiiicotion/Descriation
(Color. Texture. Structure. Grain Size)

' frI V scme as eboat.

- Wrticol fract=ue at 827-M; indicettns ot
lewios olide nr incrwct oe aong fro:tuwe plne.

- green cloy nodtule OPAo- 0.2 tt.

- purplish color. eubbly upptr 1.0 t.

- green clay nodule opprzw. 0.1 ft.

- sco-tered green cloy nodules: 0C5-0.1'.
TOTAL DEPTH IOC

i

. '

FIE NAUE: -LOCIt O.DwC

I



Terra Dynamics Incorporated
Ma% nxa nS1 "S810

-- 7EOIL COPLORIN &- G,' WELL COMPLETION LOG,
Locoticn: Proiect No.: Dote Drilled: 3.ring No.:

ANDREWS CO. LANDFILL SITE 92-*52 12/16-12/18/92 8-20* 11-D

Log By: *A. WE-GAR P. GRANT Driller Survey Data:
0-130' 130 TO TE Northing: 8042.89L3

Dril Comany Totl Deth:Ecsting: 10272.5320Drilling Co.mpany:TocD-t
S;CARBOROIUGH DRILLNG. INC. TtlDph atn: 12252..AUESA. TEXAS 275 Ground Surface E3ev. (MSL):

3.470.0O
Drilling Method & Bit Sizes: AIR ROTARY Tcp of PVC Casing Elev.:

Sample Method(s): 2 SS - 3CB; GRAB SAMPLES EVERY 5- RROu 3.472.23
CONTINUOUS: 201- TO TD

Unified Soil Clossificotion/Descriptior.
(Color. Texture. Structure. Groin Size)

Lithic |DePth
-og I,(feet)

I

R.ecwrr

Vt>. rZ
Well

Desegn

O~-V ~bro.. silty sand; Icose: argcnic moterict: n.ost

?f-7 CALIC14:7 pinkish hIte; Colt. ccrb. cemented se it' vi;
scnc- sond rcins ore pink ord opcq~uc mod. hcrc:I
crumb~lyI chalky. dry.fI

7-18! CAMICup- bronisth gray & pvnkisb brown:. microcrystaiine7
w.th cacicte crystO!s1 wig to CS sane thr.jghout. sand is
b'e-m. red and cocque Qtxz subrounded-wel roundec;
v. hw0d dry.-1

CAPC~ pw'kisz .*t.tr coic. earo. cemented scnd and
18-2V rouctsand is vfg-c~g. s=br. to rd. *tZ.- graoe is red.

blck wite and cpawie. lubw, to Cd. quarL-itecmod. ha-d.dy2-

Co.VSAND (5wk pinikish tcar s.o-eg 4tz. sand'. Sube. to 2
20-22' Cd.: yarod a Awiut. black. red and ooaaue aucSrZite;

sube, to rd.: leose. dry.

: . _,

Z i.Lacking

2.9'- Expona"r Plug
(4'.A'.61 Sloped
Swrlace Pod

0- /7 - O.L -

Cement
Grout

4 -

DRIU.-CU1

BIT

(CRAB)

5' open

S orthole

-2.0 L0. sch.
40 PV'. Casing

:-
BASE or OGALLAL.A - TRIAS=I TOP' -

22'-4'6 CLAY I'C¶ 1 maroon ith greenishSor ra cnd purflt
mottling. mod. h'd: dense: so. piortic: blocky trc:tture-
Mloist.

- n o mtting belao. 2"'

25 ~ 0

25

; 0i7 2 ~ -

* t I | _

rde Name: A-L-OSZ~ OVAC



C
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Terra Dynamics Incorporated SolL BORING &
PAIt. ,)"3 WELL COMPLETION LOG

Location: Project No.: Date Drilled: Boring No.: Gnd/
ANDREWS CO. LANDILL SITE 92-152 12/16-12/18/2 r-20 Welt F oeI11-D

609 By: A- WEEGAR; P. GRANT Driller:
0-130' '30' TO TD

Orilling Companly: TotalI De~th:27

LAMESA. TEXAS 275

Drilling Method & Bit Sizes: AIR ROTARY

Survey DOto:
Northing: 8042.8943
Easting: 10272.5320

Grcund Surface Elev. (MSL):
- 3,470.04

Too of PVC Casing Elev.:
3.472.23

Somple Method(s):
CONTINUOUS:

2-SS + 3YC3; GRAB SAMPLES EVERY 5- FROM
201- TO TD

Unified Soil Clossificotion/Descriotion
(Color, Texture, Structure. Groin Size)

Well

- color Chaonge to imsk,, red .ith gray ifilled tubes
cnd .,clu&.onS belo,. 36"

446'-5t.6' Sonc SILT (W IA-SpeCklei! mottling Cusk~y red a-nd
greennn gray% trcce VS; sand srcesu. n~ce and
biotite flakes throUgh*U': rod. hCrC: bloicy
fracture: in-cegsed SCAC contenLt

51.6'-70.3' SjZ C1 A- WC duskY 'ed wi"- Yell0w. grCy and
purple rnotVmg: carmonaccows Pla3lt fmct2-a0% mad. hard.
31. soapy. blocky fow;Cry

03'7. Claw"' SO.'L *Oe'l -0~t:JeC 0%u'y -CC one P.irvd
silty 0o? ano fignI Pknacisil gray dayey sat:
con.oluted becoon; structu'e; mice 11r~s- .;f.%6. slhy
7aner. nod- harl: biazi fracture: dry.

72.5'-8 Sli 5.'I ci (C' N dusky, red .jtt. siigh! Mott;ne ~'3
1,o0. onc grey. cioys,*ne: -od. harC! denSe; blocky1:,,,C;ue dry. *asct ccntezt iron' C.,tt;..

.l d m . - . C O. O
| te NsCe: A-LCG' * .0wC



Terra Dynamics Incorporated SOIL BORING &
MnEK 1109A ($1 WELL COMPLETION LOG

Locotion: Project NC.: Dote Drilled: Boring No-: GCno/Wel CNo.:
ANDREWS CO. LANDFILL SITE I 92-152 12/16-12/'8/92 B-20 11-D

L0g By- . A. WEEGAR; P. GRANT Driller:
0-130- 130'. TO Tl)

Drifting Company: Totol Depth:
SCARBOROUGH DRILLING. INC. 275'

LAUESA. Te XAS

Orilling Method 1I 3it Sizes: AIR ROTARY

Survey Data:
Northing: 8042.8943
Easting: 10272.5320

Ground Surfoze Elev. (MSI):

3.470.04

Top of PVC Casing Elev.:

3.472.23
Sample Method(s):

CONTINUOUS:
2 SS + 3CB: GRAB
201 TO TO

SAMP LES EVERY 5 FROM

.- . _

Unified Soil Classification/Descrip ion.
(Color. Texture. Structure. Grcin Size)

-'-.1.-,-,

2.0 LO SCh,
40 PVC Casin9

-5* Open
Borehole

856-SJ Siet-D Ay (iCLI purple ith light gray mattfin$
crurnb$ cy.

97'-1&6'Ct Aw (Ci I- purple -itn slignt groy rOtlikno
* hor: v. dense: Sl piesvc:. mo s:

10&6 -15t Slt. Cn Ay Ct 1 dusky red s2:y ceyslone mottlec
.ith gray A pink in a deCritic poatern; contcins
inclu.orns of green;sn grey sit; herd: mod.
Censc: blocky fracture. Cry.

, . ,

I
rued Ncme: A-LOCZ2CDWC



C Terra Dynamics Incorporated SOIL BORING &
AUSIN VCA (tZ 76-28 WELL COMPLETION LOG

ation: t Nc.: Dote Drilled: |Ecring No.: IGrid/
ANDREWS CC. LANDFILL SITE | 2-152 12/16-12/18/92 -20Ii 121T 21/9 -0 1-

Log By: A. WEEGAR; P. GRANT
0-130' 130' TO T1

I Driller.

Drilling CehOROUtGH DRILLING. INC. Too
LAUESA. TEXAS- I

Drilling M~ethcd J& rit Sizcs: AIR ROT APY

Survey Dato:
Northing: 8042.8943
Eosting: 10272.5320

Ground Surface Elev. (MSL):
3.47C.04

Top oi PVC Casing Elev.:

3.472.23
Sample Method(s):

CONTINUOUS:
2 SS t 3 CB; GRAB SAMP'LES EVERY 5 FROM
201 TO Tn

-

.

Unified Soil Classifica:ion/Description
(Color. Texture, Structure. Groin Size)

-f-I

,5-vy 'At I' 1 conL. s=9e descrl60n os pe-ouvs
pc9e.

- 01 green-groy clcyty sir (IL). dry

- 0.25 g-ecnish- grcy 23ty Cloy MJ): Ct)

i

.

I.Ie rkC. AcL-:CG2C9WG



Terra Dynamics Incorporated SOIL BORING &LOG
A3Slb. IOKAS (S12 .7S- 13V ELL COMPLETION LOG

ANDREWS CO. LANDFILL SiTE 92-12 12/t6-12/8/92 9-20Loaton __rjc o: Dt rild oigN-Gc

Log BY: A. WEEGAR; P. GRANT
0-130' 130' TC TD

I Driller

Drilling Companyh & ING. AIR ROTADY

LAUESA. TEXASctlDph

Drilling Method 1& Bit Sizes: AIR ROTARY

Survey Datc-
Northing: 8042.8943
Easting: 10272.5320

,round Surface Elev. (MSL):
3.470.04

Top of PVC Cosing EIev.:
3.472.23

Sample Method(s):
CONTINUOUS:

2fSS - 3Cic; GRA3
201 TO TD

SAMPLES EVERY 5' FROM~

. _

Unified Soil Clossificction/Descripticn
(Color. Texture, Structure, Groin Size)

162Z.Y-172' Q A~M Sayish-purple claystone v.t4% gray-
green Mottling and lar'g~ incusions1 hra.u~out;
Mod- hard; dense: 3. plastic: finely -eire-d -ith
cotcite(?) fifled "raeurec dry.

372'-23'~ C!.Ay (C%
1~ reddist. purple ith~ ga-green~

mott~mg and scattered inclusians: mod. hera:
Mod. delse- st. Plastic: scttereC Ccicite(!)
rUled -ien%;dy

(CL) same ci above but -ith fe- 'es

(C. I ome as abow~ but no vein&
drl rcte-2 miet/fL

-5 Open
Borencle

I
ie3 Na-e.: A-LM2G.OWv



(f Terra Dynamics Incorporated W OL L BORENG &
AISK I"$ IX r-i WELL COMPLETION LOG

Locotion: Project No.: Dcte Drilled: g3oring No.:CrId/
AN3REWS CO. LANDFILL SITE 1 92-152 12/16-12/18/92 6 B-20 11-D

tLog By- A. WEEGAR; P. GRANT Driller,
0-130' 130' TO 7D

Drilling Company: T'lOph

LAMESAs Tr-XAS 275-

Drilling slethoid k iSit Sizes: AIR ROTARY

Survey Doze:
Northing: 8042.B943
Eosting: 10272.5320

Ground Surface Elev. (MSL):
: 3.47C.04

Top o' PVC Casing Elev.:

3.472.23
Sample Method(s):

CONTINUOUS:
2-SS + YC9: CRAB SAM?LES EVERY 5' FROU
201' TO TD

Unified Sol Clcssificotion/Description
(Color. Texture. Structure. Groin Size)

El Av, ect - some as above

at 20r' s.itch iit to &o* bit~f.ltaa bit) to erli
co-' unta cu~ttting Sto.sand: begged uttir~gs every
5:. reo-~ed out to 5-.

-5* Ooe't
eareofIel

-2.0' W.. seI.
'c PVC
Casuin

200-

-Rentohte
Peiet Seat

205-

232-

-F-Iter_fctd

- 2.0- Sch. 4-'
PVC wel.
screeft
.010 SLOTS

: e _

~ 7ae NC-ne:.



Terra Dynrctmics Incorporated SOIL BORING &
. Ts ..2 5-UA WELL COMPLETION LOG

Locotion: L |Project No.: Dote Drilled: B3oring No. Gri
ANDREWS CO. LANDFILL SITE 92-'_2 t2/16-tZ/18/92 -- 20 ellN.. I

Log By. A. WEEGAR; P. SRANT Driller:
0-130' 130' TO TD

Drilling Company: TotcI Depth
SCARBlOROUGH DRILLNG. INC. o c75'r

_A S. TEA_

Drilling Method c Siit Sizes: AIR ROTARY

Survey Doto:
Northing: 8042.8943
Easting: 10272.5320

Ground Surfoce Elev. (USQ):
3.470.04

Top of. PVC Casing Elev.:
3.472.23

Somple Method(s):
CONTINUOUS:

2-SS + 3-C6: GRAe
201t TO 7D

SAMPLES EVERY S FROu

Unified Soil C1ossifico:ion/Descriptior.
(Color. Texture, Structure. Grcin Size)

at 23- cuttings cof lor tgtened. but still (C.)
as asoee.

24T-28'd Silt CLAY (f-' light ton color
plus preuOus dork doy.

* 5

-. 5

- 2. t.C. Sch.
40 PVC Wel
Screen .010
SLOTS

. -
4

- FJter SorC

24C-260 CLA' fCL) ,eCcdirs purple oith fay-gre-ni mo'al5g
onC scattered incdusions: -oct. hoed: -od. cense: st.
Mlastic dry.

257 -

259 -

260' -
/ - Corcase

2EV-275! 00-, SP iSTONS flk- dusky red and Icn silts-ne
-itt clayslore ,ntertedt greenish gray rnottVing througtoeut
increased greenish gray sltstonle belor 270 feet brittle;
trace of vg rrico ftros, dry.

Taote! Depti - 275 feet

Fr4, No,.e: A-LOC2C.OVDG



C Terra Dynamics Incorpo~rated SOIL BORING LOG
-

Location: Project No.: Date Drilled: 1 Baring No.:hd No.:
ANDREWS CO. LANDFILL SbIT 92-152 01/20/93 8-45 tl-E

Log By: Driiiing Method & Sit Sizes: Survey Data:
A. WEEGAR AIR ROTARY North.g: 7590.39

Drilling Compcny: Scnmple Metbod(s):
SCARBCROUGH DRILLING. INC. SPLIT SPOON: CORE BARREL Easting: 10860.29

LAMESA. TEXAS Grcund Surfcce Eiev. (MSL):

Driller: Total Depth: _,468.3
100'

Remarks:

Unified Soil Cicssific zticn/Description Denthl Graphic ecFet.r Stratigrcpnic
(Color. Texture. Structure, Grair Size) (feet)I LoS / Ft. Interval

- _ _ _ _ _ _ _ _ _ S a rn o 'le d i _ _ _ _ _

Vr-0 ** TOO SOP - tbrtawr silty s=.e= orgenic mate-icl:
ntorst.

o.C-12 CAL"OF p4kist thitc: cc. CrCb. _
cemented aort: sit onec scnc. moc. hard:
trace dark. red ond opo~ae qur: 9r.owel MI
frog;L: dry. OUT;C

5_ OJT7MCS

12-t5 S-ndv 5i-r TIll *- pi Pnk: qu r.: sl, anc soan: lic.st_
-colc. carZ. :ngeretation: loose: dry. F-A

C0AL LALA

IS-24 sv r fy reddist bro-. silty clay ,th tRIASStC
wnite powaery col: ccrtesate in layers 20-

along; vertical fractures iissemnonated _ O9 2
througno.t5 dense: sL VICstic- Moist I .

L 2

2C-29>c Sxtv CLAY (CLI' reddish br..n silty Coly .ith 2-/ 2
gorayis trOl anC Mauish raOy nottling einC eostr. /
dense; St. Plastic: Mboist

-30
_ trace motUing below 31'. 2

_;5, [//// 1SSi
22

__ 2

; NtA-lE~ A-LC.G21V i



Terra Dynamics Incorporated SOIL BORING LO I
Locoticn: ProIcct No.: Dote Drilled: Boring No.: Gric No.

ANDREWS CO. LANDFlUL SITr 92-152 01/20/93 9-45 11-_
TI

Log By-.
A. WEEGAR

Drilling Uethod & Bit Sizes:
AIR ROTARY

Drilling Company: coeMto~)
SCARBOROUGH DRILLING. INC. Soi'L T ethd0s:

LADESA. TEXAS SPUT SPOON: CORE BARREL

Driller. Total Depth: o

Survey Data:

Northing: 7590.39

Easting: 10880.29

Ground Surface EIev. (MSL):

3.468.3

Rerrmorks:

Unified Soil Clessificotion/Description
(Color. Texture. Structure. Groin Size)

39. 4' 4.6' Sondy Cl SIt' (Ut i- mottled tan. braon and rusty
red clayey Lsatenoe -. h son&dW .Ni~hte quart
sand grams rawougaut; trace Ad; rw-c fregs.:
black nmkercliZotion thro rlort; IMod hcrC.
blocky fracture: crumb-y dq'~ cy

44.-4.SSelft SoIN CLA IQr 1*rUStCrC aZ 9edrlSfh gray
".6'-45.5' Coa%-ne; Xt and otq Olor-: Sand :.nuhut:. r

45*-47.6* SalJ,. Ctrs, - - " yel.. te' an C gray
45 clcyey .tr l -nni ns oe ac aceue .4; arcrtz

send grains and wig Imcc tra~.: no! three
holiZentalty lamnlante&C blocky frc--t-re and
crumbfyr @ry.

47.6'-54.9' ;Aty -ad !5U~ yetll. enC groyi-vr tan
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Executive Summary

The Andrtws Industrial Foundation retained Dr. Ken Rainwater to evaluate the suitability

of the Wastc Control Specialists, Inc wastc treatment, storagc, and disposal facility currently

under construction in western Andrews County with respect to its potential impact on local and

rtegional groundwater resources. The site was already permitted for acceptance of hazardous

wastes, and a new pcrmit for low-level radioactive wastes is sought. Special concerm was placed

on dte possible presen=c of the Ogallala aquifer at the site location. The identification of the 5

presence or absencc of the Ogallala aquifer at the site was based on the definition of an aquifer as

containing sufficient sattrated perakabIc maetrial to yield waler to wells. The study approach

included review of permit documents, site visits, public meeting attendance, inspcction of coue
samples, evaluation of water quality sampling, and review of published descriptions of local and

regional hydrogeologic information.
A icport was delivered to the Foundation in December. 1996. with these conclusions:

[ I) The prcsence of a thick Ttiassic clay layer near the gwnxd surface at dth site mackes it an

exceUent location for a properly dcsigned and constructed landfill.

121 A thin stratum at the site was originally identified as the Ogallala formation, but it does

not contain sufficient water for classification of the formation as an aquifer.

(3) Previous publications and recent field study of the local hydrogeologic conditions in

Andrews County show that the Ogallala aquifer is not present, and the shallow pernmeable

formtion is actually the Antlers Sandstone.

141 Publications about the regional hydrologic conditions in the Southern High Plains

implied the presence of water in the Ogallala formation throughout Andrews County. but th-

assumed saturatcd thicknesses in the western portion are not well supported by field data

15) The siltstonc layers in the Dockum &mp appear to be thc uppermost water-bearing

zone and may bc acceptable for monitoring, but dick low permeability and possibly limited ecteut

do not mnet th traditional definition of an aquifer.

16] If properly constructed and operated. the landfill should havc no impact on usable

groundwater in Andrews County.

It is recommended that the Foundation continue to pursue thc use of this site as a waste ttratment,

storage, and disposal facility. Proper design, construction, and operation should allow the site to

serve its purpose without damage to groundwater resources.
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Evaluation of Potential Groundwater Impacts
by the WCS Facility in Andrews County, Texas

'Me primary objective of this repoun is to evaluate fte suitability of the western Andrews

County site for the Waste Control Specialists (WCS) facility with specific conctra to the sites

impact on groundwater resources. This repo was commissioned by the Andrews Industrial

Foundation. Inc. (AIF), as an independent, impartial revicw of the suitability of the site for

development as a hazardous waste treatment and disposal facility. Drs. Lloyd Urban and Ken

Rainwater originally collaborated in this study beginning in 1993. and each produced rcports based

on data available at that time. 'Me site received its permit in 1994. and construction began in 1996.

Duwing 1996. Drs. Tomn Lehman, Harold Gurrola, and 1'riyantha Jayawickrama were brought in to

address related geological and geotechnical issues as the site owners pursued a permit for low-level

radioactive waste disposal at this site. Dr. Rainwater composed this report as an update of the

1993 document, while the other scientists and engineers provided thdir own documents as

appropriate to the AIF. The WCS site is located at the western boundary of Andrews County.

north of state highway 176 and cast of the Texas-New Mexico border. Due to the lack of

dependable fresh surface water, groundwater resources are precious in this county. The major

water-bearing aquifer in the Southern High Plains of Texas is the Ogallala formation, which

supplies water for agricultural and domestic purposes for much of the region. Site selection for

landfill installations for safe, long-tcrm disposal of hazardous materials in this region must

niize or completely pwvctn futu deterioration of this water resource. The state agency with

rgulatory jurisdiction for this project is the Texas Natural Resource Conservation CoMmission

(RCC). and is agency actively enforces waste management regulations with intent of

groundwater protection.

A special concern of this report is determiwation of the local characteristics of the Ogallala

formation and other shallow permeable strata. as expressed in the geologic setting arid the storage

and tuansmnission of water. Many citizens arc concerned with the protection of the Ogallala aquifer

in the High Plains of Texas as thc pinmary watcr source for inigation. nural families and many

I
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municipalities. Somc use thc prsence of thc Ogallala aquifer as a mason to oppose any industial

and/or waste disposal prujects that involve hazardous chemicals that may somehow enter the

aquifer. Therc is dcebte as to whether the Ogallala aquifer is actually physically present at fth

WCS site. The definition of an aquifer is given by Fictte and Cherry (1979) as "'a saturated

permeable geologic unit that can transnit significant amounts of water under ordinary hydraaic

gradients:' and also states that "an aquifer is permeable enough to yield economic quantities of

water to wells" (p. 41). Todd (1980) defined an aquifer as "a fewration that contains sufficient

saturated permable rnaterial to yield significant quantities of water to wells and springs" (p. 25).

The operative words in these two definitions are "saturated" and "permeable," implying water must

be present in adequate amounts to move through the geologic stratum. This investigation of the

subsurface hydrogeologic conditions at the proposed WCS site specifically considers whether the

formation, whether or not it is thc Ogalala. at this location (its both these criteia for definition as

an aquifer.

The approach taken in this study can be described as a series of tasks. These tasks are

summarized in the following list:

[1) Review of the 1993 permit docurents and rccent site-specific hydrogeologic data;

[2] Visits to the WCS sitc;

[31 Attendance at TNRCC public meeting In Andrews to bear local concerns;

14] Inspection of core samples collected during subsurface investigation;

151 Rcomnendation and evaluation of water quality sampling and analyses; and

16) Review of regional and local hydrogeologic infonnation.

In this report the efforts and results associated with each task arm briefly presented in separate

sections. It should be noted that Uhis updated report benefits gratly from the recent work by Dr.

Tom Lchman on the description of the local geologic setting (Letuman, 1996). Thc last section of

the report sumnarizes the major conclusions and recomuendations appropriate to the information

reviewed.

2
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Review oFI Pfrmit Docments Ad Recent Moitri-Data

Copies of Volumes 11, IV, and V of the "RCRA Permit Application For A Hazardous

Waste Storage. Treatment, and Disposal Facility" (AME. 1993) were provided by the design finn.

AM Environmental, Inc. (ANE), of Austin, Texas. The material of concern to the groundwater

evaluation in these volumcs included the landtfiU engineering design documents (Vol. I),

geotechnical investigation results and groundwater monitoring plan (VoL IV), and local geologic

and hydrogeologic descriptions (Vol. V) These documents were submitted to the TNRCC for

regulatory review, This report does not constitute another form of regulatory approval. but does

provide additional expeil evaluation of the environmental suitability of the site for the proposed

facility. The regulatory agency is also interested in protection of groundwater resources, and the

permit application contains much useful site-specific infonnation for evaluation of the possible

impacts. if any, of the site on the local and regional groundwater. The pincipal points associated

with the local groundwater arc summarized in this section. AME also provided summaries of the

results of groundiwater monitoiing events since 1993 (Messenger, personal communication). The

regioual geologic evaluation by Lehman (1996) was also used in evaluation of this information.

The main strength of this specific location for a hazamdous waste landfill is the presence of a

thick natural clay (or claystone) layer at less than 30 ft below the ground surface. This red clay

material is rcfenr to as the upper on of the Triassic Dockuz oup. sometims tefzd to .

separately as the Chinle formation. Ure upper surfacc of this formation has a local topographic

high directly beneath the proposed site as shown in Figure I (AME. 1993). Lehman (1996)

demonstrated that this local high is actually part of regional "Red Bed Ridge" that cxtends from

eastern New Mexico through western Andrcws County southward to Wfinkler and Ector Counties-

At the WCS sitc, the clay layer is over 200 ft thick. with three to four separate interbcdded

siltstonelsandstone layers. The hydraulic conductiviues of the clay and siltstone were measured in

the laboratory at I.76xl0O cm/scc (5.0xlO- ftkd or 3.7xlO4 gpd/ft2) and 3.20x106 crsec

(9.lxl0f 3 fuld or 6.8xCOU gpd/ft2), respectively. The natural pcrmcability of the clay is in the rangc

of design hydraulic conductivity for engineered landfill liner materials. Te selection of the landfill

3
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dimensions takes advantage of the shallow depth to this low pemeability matetia] by locating the

bottom of the landfill excavation within the Tiassic clay, completely penctrating thc wuore

pcmeable mnateCials above the top of the Dockun group. Tbc constucted landfill doub liner

system will rest atop the Triassic clay. Thc conventional double liner system includes two

geomnembranes. two compacted clay layers, and one leachate collection layer and one leachate

detection layer. Unless the Triassic clay Sas significant fractures. it should provide a good

foundation for the landfill construction-

The geotcchnical investigation of the proposed site included collection of Cores fromi a large

number of borings and installation of several monitoting wells in suspected water-bearig zones.

As previously stated, the Ogalla1a aquifer is thc principal regional freshwater aquifer. In dte

geologic descriptions in the permit application, the geologic rnatcnial above the Triassic clay was

referred to as the typical Ogallala formation, with a caliche caprock overlying a layar of permeabic

alluvial sands and gravels, but the thickness of the pcrmeable sands and gravels was usually less

than 15 ft. Based on close examination of the gravels in the exposure of tie fomniation at ih WCS

site and other outcrops in Andrews County, Lehman (1996) identified this material beneath the

caprock as the Antlers Sandstone. not the Ogallala formation. TMe Antlers Sandstone has sufficient

sand and gravel content with lited cementation to have significant permeability, but the thin

fonnation apparently is not continuously saturated over signiificant areal extent in this vicinity.

Due to the low average rAinfall arnounts, the local high in the elevation of the top of the

Dockum group, and thc undulating shape of the top of fth Dockum group, the permeable

sediments atop the Triassic clay do not store significant amounts of water in this western part of

Andrews County. Saturated sediments were only encountered beneath a local depression referred

to as a "buffalo wallow:' and it was concluded that a similar deFrssion existed in the top of the

Dockurn beneath the surface depression, trapping the water in a small volume. Dornestic and

windmill wells that exist in the area do not produce much water during dry periods. Although the

Ogaliala formation was initially identified at the site, that identification was in error- No matter

what the shallow permeable fomaution is named, it apparently does not hold and transmit sufficient

5
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amounts of water for development of wells. ContJOl of stormwater drainage at thc site may affect

the storage of water in the fonnation beneath the "buffalo wallow," other natural depressions, Or

constnictmd impoundments if the collected ninoff is kept on site and allowed to infiltrate,

WVithin the Dockum group. thrme or four separate siltstone layers were encountered in the

grid of borings. Thesc materials were found to have laboratory-measurted hydrauic conductivities

two orders of magnitude higher than the claystone. Screened monitoring wells were established in

these zones at several locations within the grid UTc water levels in dtsc wells were measured

several times betwecn November, 1992 and April, 1995. A complete listing. Table A. I, is

provided in the Appendix sura-rizing the well identities (based on original boring grid locations),

topof-casing elevations, screened intervals, depths to water, and water surface elevations for

monitoring events by AME (Messenger, personal communication)- Table I was derived by

grouping monitoring wells with approximately similar screened interval locations. ese groups

roughly align with thc identification of three possibly continuous siltstone layers. Groups A and B

are cost lily the first siltstone. while groups C and D roughly correspond to thc second and third

siltstone layers, respectively. The lateral and vertical extents of these layers art not completely

known.

Inspection of Tables A-1 and I allows several important conclusions. First, when bailed to

dryncss, the water levels in thc wells typically took several weeks to return to static levels. his

delay indicated cither low local permeability, little wate volume in storage, or both controlled the

return of water to the screncd interval. Second, the equilibrated water surface elevations at most

of tie monitoring wccUs with similar depths of screen were not close enough to imply hydraulic

continuity. For example, only well pairs 4-C and 5-C in group B, 4-G2 and 9-02 in group C, and

4-3 and 9-G3 in grup D had water surface elevations within a few feet of each other. hiird, the

height of the water columns above the tops of the screens at wells 7-G. 2-G, I I-D. 6-BI, and 6-

B2 were 44.3, 67.4, 107.13. 41.7. and 98.75 ft. respectively. These values indicate that the water

in the siltstoncs at those locations was under pressurized confined conditions, yet the pcrmcability

or discontinuity still restricted the flow.

6
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Table 1. Well Screened Intervals and Water Level Elevations Observed on April 39. 1995

Group with Well ScreenTop Screen Bottom Water Surface
Similar Intervals Elevation (11) Elevation (ft) Elevation (ft)

A 9-GI 3330.17 3325.17 dry

B 5-E 3312.28 3302.28 dry

5-C 3307.94 3287.94 3288.12

4-C 3307.55 32S5.55 3288.79

4-GI 3294.56 3264.56 3260.65

6-BI 3295.66 3285.66 3337.36

C 7-0 3262.72 3232.72 3307.15

I1-D 3241.07 3216.07 3348.20

4-G2 3249.69 3219-68 3245.16

9-G2 3248.99 3238.99 3242.36

6-B2 3220-26 3210.26 3319.01

D 2-G 3214.93 3189.93 3282.33

4-G3 3202.11 3197.11 3194.10

9-G3 3197.02 3187.02 3193.06

The total dissolved solids (TDS) contents of the water sarnples taken from these wells were

significantly higher (>1,800 m/l,) than typical regional values for the Ogallala aquifer (-500

mrg). In addition, the TDS values varied significantly between the wells in thesc layers, possibly

indicating little if any flow between the well locations. The upper siltstone layer was identified as

the "uppermost aquifer' for monitoring purposes. Due to the difficulties in static water level

equilibration and developmcnt, dedicated sampling pumps were recommended for future

monitoring well installations Further discussion of the hydrogeologic and geochem-ical data will

be given in a later-secion of this report.

Site Visits

On July 28. 1993, Drs. Lloyd Urban and Ken Rainwater visited the puposcd site. Allen

Mcssnger and Andy Witteveld of AME conducted the tour. Ihe site is currently part of the Flying

W Diamond Ranch. a short distance cast of Eunicc, New Mexico. The property is used as a

working ranch. with limted development for oil and gas wells. The grid of soil borings was still

7
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evident at the surface, as were the existing monitor wells. Mr. Winevcld described the bailer-

development procedure he was using to encourage increased flow in the screened intervals of the

wells. He also provided preliminary water quality data from sampling cvents sincc the pparation

of the permit documents. Mr. Bill Vance, ranch manager, took the goup over to the Monument

Draw area on the other side of the state line for viewing of the 20- to 30-ft high cutbank of die

draw. lic also identified the Baker Spring location within thc draw. No recent flow was evident at

the spring.

During 1996, several visits to the site were made by Drs. Rainwater, Urban, lxhman,

Gurola. and Jayawickrama. On July 17, 1996, Drs. Rainwater, Urban. and Lehman visited the

WCS site for their first view of the initial cell excavation, hosted by ARE. Over the next three

months, various combinations of the five scicntists and engineers made additional visits to the site

to gather geological and geophysical information about the vicinity.

Nblic Mct~inf in Andmws

At th request of the AF, Drs. Urban and Rainwater attended a public meeting held by the

TNRCC at the High School Auditorium in Andrews, Texas, on the evening of September 30,

1993. The purpose of the public meeting was to give local residents Opportunity to ask questions

of the TNRCC about the landfill and the penitting process. It was apparent that civic group

support for the project was quite high, and that the AT and AME had spent considerableeffort

describing the facility design to the residcnts. The TNRCC staffraised no questions at that tie

*n5[CQc1 of Cmr Na= s

On October 4, 1993. Dr. Rainwater visited ihe office of lack H. Holt, Ph.D., and

Associates, Inc. (JHA) with Mr. Wittevcld to visually examine cre samples fromn selected

borings. Cores 6-B and 9-G, which are shown in pgure 1, represent locations in which almost all

oF the different lithological were penetrated. Of paticular concern in this examination was the

condition of the red claystone. In the samples from both cores, the red claystonc colt was

typically continuous (few fracture planes not attibutable to the sampling process), solid, and tight

As indicated by the results of the laboratory hydraulic conductivity tests, the claystone was

8
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probably naturally compacted by the weight of eovcburdcn during deposition. The zones identified

as siltstone and sandstone were typically grayish or white cohesive materials with fine grains of silt

or sand visible on the outside of the cores. The presence of the sand and silt apparcntly accounts

for the higher hydraulic conductivitics of these materials relative to that of the claystone. However,

the siltstone and sandstone did not appear to have enough porosity to allow significant flow under

typical natural gradients.

Recomaendatrio and tyioatign of Watcr OQality Sampcs

AME provided the results of the analyses of water samples collcctEcd on July 23.1993,

from wells 2-G. 7-G, II -D, and 6-B 1. The surfacc locations of these wells are shown in Figure

I. Thc samples were analyzed for several water quality parameters, including some major ions,

pH. and TDS. The major ion analyses are of primary concern to this report since ionic

composition of groundwatcr sometimes provides clues about Hydraulic connections in the local

subsurfacc. For examplc, water quality in an aquifer generally deteriorates with distance from the

point of recharge. as more materials are dissolved. Also, the nature and arDount of dissolved

species can indicate die rock types through which the water moved. Table 2 summarizes the

results of the analyses. The concentrations of the ionic species were given by the laboratory in

mg/L, and then converted to millieqoivalents/L (mc4L) to check for electroneutrality. The

condition of electoneut-ality in a water solution requires that the sum of the unq/L of cations must

equal the sum of the moqL of anions. The "ion %` column lists the portion that each ionic

constituent comprises in the major cations or anions as appropriate. The analyses for this saniple

set included all of the typical major ions in natural waters exccpt for bicaxbonatt (HC0 3).

Table 2 shows that there was little similarity in dhe waters from the four wells. Thc

measured TDS varied fiom 1800 to 5500 mg/L. In each sample, sodium (Na) was the dominant

cation and sulfate (SO4) was the dominant anion, but the relative concentrations varied by a factor

of almost 3. It is possible to check a major ion analysis by comparing the mcasured and calculated

TDS values. The measured TDS is normally done with a conductivity mctcr based on the ionic

strength of tbe solution. The calculated TDS is found by suxrnzung the total mg/L of the cations

9



Table 2. Water Quality Analyses for Samples Collected 7/23/93

Well 2- 7-G I D - 2-1 - 26-40l602(galalt)
Consdcuent rnEL meq/L ion % mg/L me ion % ME& reg/L, ion% reg/L m ion% mgQ meqlL ion%
Cadons _

Ca 28 1.40 4.1 64 3.20 4.2 60 3.00 6.1 7 0.35 1.3 78 3.90 53.3
Mg 20 1.65 4.8 58 4.77 6.3 51 4.20 8.5 11 0.91 3.3 21 1.73 23.6
Na 710 30.87 90.5 1560 67.83 88.8 960 41.74 84.7 590 25.65 94.0 36 1.57 21.4
K 8 0.19 0.6 22 0.56 0.7 13 0.32 0.6 15 0.37 1.4 5 0.13 1.7

Total 766 34.1 100.0 1704 76.36 100.0 1084 49.26 100.0 623 27.28 100.0 140 7.32 100.0
-- -o…-- -

CA 20s 5.63 17.11 1157 32.59 38.6 290 8.17 24.4 200 5.63 23.1 39 1.10 15.3
S04 1300 27.08 82.3 2460 51.25 60.7 1200 25.00 74.7 900 18.75 76.9 39 0.81 11.3
HC03 nr nr nr nr 304 4.98 69.4
N03 12 0.19 0.6 33 0.53 0.6 19 0.31 0.9 0 0.00 0.0 18 0.29 4.0

Total 1512 32.91 100.0 3650 84.37 100.0 1509 33.48 100.0 1100 24.38 100.0 400 7.19 100.0
Neutral

SiO2 I 1 131 III 13 43.
TDS(meas) 2600 5500 4000 1800 431
TrDS(sum) 2289 5367 2604 1736 583

S Error(%) 6.4 1.2 21.1 1.8 15.0
ron Error(%) 1.8 5.0 19.1 5.6 0.9

Well 24.40-602 (Ogallala) - Flying W Diamond Ranch well, sampl edby TWDB on O/10/1990. included for comparson
TDS Err(mo) 100 l TDS(sum) - TDS(meas)l / [TDS(sum) + TDS(meas)]
Ion Error(%) = 100 Mlotal Cations(meqlL)-Total Anions(meq/L)I / [Total Cadons(meqIL)+Total Anions(mcq/L)j
nr = not run
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(Ca, Mg, .Na, and K), the anions (C), SO4, N0 3), and neutral compounds (SiO2). The TDS

(rneas) and TDS (sum) should agree within 5 percent. as shown for wells 7-G and 613-1.

Electroncutality is checkcd by compaing the total vcqL of dte cations with the total ncq/L of the

anions in what is called the ion balance error. The ion balance er should also be less than 5

percent for an acceptable analysis. as it is for wells 2-G and 7-G. When these two checks are not

consistent for all the analysts, especially when the TOS (sum) is less than the TDS (ncas) for all

the samples, it is quite possible that one or more other significant ions should be analyzed in the

samples. Other Carrs could have taken place in onc or more of th. analyses which were

performed on the samples. Dr. Rainwater suggested to Mr. Witteveld that bicarbonate should be

added to the list of analyses for the next round of samples. A fifth water sample is included in

Table 2 for comparison of typical local shallow groundwatcr quality to that in the DockurI group.

Well 26-40602 is located on the Flying W Diamond Ranch near state highway 176, and this well

is occasionally monitored and sampled by the Texas Water Devcvopmcnt Board (TWDI3). The

well is referred to as an 'VOga]13la" well by the TWIDB.

A second set of samples was collected by AME on September 21, 1993, from wells 2-G,

7-G, 11-DI, 61B-1, and 6B-2. Table 3 summarizes the results of the ion analyses. Comparison of

Tables 2 and 3 show limited agrcement between the two sets of analyses of wells 2-G. 7-. I l-D.

and 613-1. This disagreement is not surprising, considering the difficulty of purging and sampling

the wells in these siltstonc layers. It is possible that there were sampling, handling, or analytical

enors between the two sample sets, but it is also possible that the chemical composition of the

water in the vicinity of cach well has not been homogenized by mechanical mixing due to flow.

This question woud hopetUlly be resolved as additional samples were collected from these wells in

subsequent monitoring events. The TDS values for well 2-G were similar, while the TDS values

werc higher in September for wells 7-G, 11-D, and 6B- I. Well 6B-2 showed very poor

agreement between Tl)S (meas) and IDS (sum), and only well 7-G had acceptable agreement

between TDS (mcas) and TDS (sum).

Wih the addition of HCO3 to the ion analyses, it was hoped that the ion balance cnus

I1



Table 3. Waler Quality Analyses for Samples Collected 9r21,93

Well 2-4 _ 7_ 1l.D 6B-1 - 68.2 1 2.,602(4a lala)J r- I. ! - --

Consdtitent r nq/L ion % M$JL meqi ion% Ms wn% I*T m tLn% mE& =/L i on %

Ca 53 2.6S 12.2 170 8.50 10.4 156 7.80 16.0 28 1.40 8.4 33 1.65 1 1.5 78 3.90 53.3
Mg 25 2.06 9.5 55 4.53 5.5 33 2.72 5.6 11 0.91 5S5 12 0.99 6.9 21 1.73 23.6
Na 387 16.83 77A 1560 67.83 82.6 870 37.83 77.8 324 14.09 84.9 264 t 1.4 80.2 36 1,57 21.4
K 8 0.20 0.9 49 1.25 1.5 I l 0.28 0.6 8 0.20 1.2 8 0.20 1,4 S 0.13 1.7

Ilotal 473 21.74 100.0 1834 82.11 100.0 1070 48.62 100.0 371 16.60 100.0 317 14.32 100.0 140 7.32 100.0
A_.io_

CI 200 5.63 15.6 1700 47.89 45.7 590 16.62 32.1 210 5.92 16.6 200 5.63 21.8 39 1.10 15.3
S04 1300 27.08 75.0 2600 54.17 51.7 160 33.33 64.4 1200 25.00 70.1 740 15.42 59.6 39 0.81 11.3
HCO3 190 3.11 8.6 150 2.46 2.3 100 1.64 3.2 290 4.75 13.3 290 4.75 18.4 304 4.98 69.4
N03 1 8 0.29 0.8 12 0.19 0.2 10 0.16 0.1 0 0.00 0.0 4 0.06 0.2 18 0.29 4.0

Total 1708 36.12 100.0 442 104.71 100.0 2300 51.75 100.0 1700 35.671 10 1234 25.87 100.0 400 7.19 100.0

SiO2 10- 22 10 12 431
Smeas) 2700 4_ -< _ _2fO _ 431
DS(swrn) 2191 6318 3380 2082 1563 583

TDS Enw(%) 10.4 4.4 15.3. 4.6 24.9 15.0
loaE (O 24.9 12.1 3.1 36.5 28.7 0.9

Well 2440-602 (Ogallala) -Flying W Diamood Ranch well, sampled by TWDB On 1010/1990. included for comparison
TDS Ent(%) P 100 rTDS(srm).TDSmeas)l / (TDStsum)+TDS(meas)J
lot EvrMt%) 100 rMOW Cadcs(mq/a>Total Anfon(teqA)l J [Total Cations(mce.q)+Total Anions(mecq))
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would bc mduced. In this sample set, however, only the analyscs foM well I I-D mlc) the 5

percent limit. It is difficult to identify a specific explanation for the larger ion balance crrors.

Analytical laboratoies sometimes have difficulty with these balances in saline waters due to the

differing concentration ranges measurable in the different ion procedures. The cations are normally

quantified in elemental analyses by atonic spoctphotomcuy, which requires dilution of the

samples while anions may be analyzed by ion chromatography, nitrations, colorimetry. or ion

specific electrode methods which may or may not require dilution Tle different methods arm

sometimes interfered with by high concentrations of other compounds. In any case, the accuacy

of these analyses is in question. However. it is possible to make some useful comparisons. Tle

ion percentages were used to visually compare ion gouping among these water samples using a

trilinear, or Piper. diagram (Freeze and Cherry. 1979) in Figure 2. From this figure. the waters at

all of the Doclkum group wells arc classified as Ia-SO+Cl doWinated solutions. Note that the

sample from well 26-40-60 plots far away from the Dockum samples. as a Ca+Mg-HCO 3 water.

The 26-40-602 water is essentially a much "younger' water, more recently recharged from the

atmosphere. Although theDockum watcr samples show somewhat similar ionic distributions. the

large differences in their TDS values Cannot be dirtctly conelated to a reasonable flow

phenomenon in the siltstone-

Threc morm monitoring events occurred in October, 1993, January, 1994, and M3rh,

1994. The results of these sampling cvents arc summarized in Tables 4, 5, and 6, respectively.

The results from these three events comnpare somewhat more closely overall than the first two

sampling events. The ion and TDS balance cror often exceeded the 5 percent target. but the TDS

values are much more comparable across events. In addition, the concentrations of the ionic

constituents in each well at ratuch more similar across events. When plotted oa trilinear diagrams,

the results are practically identical to those in Figure 2 within the scale of that configuration. so

additional figures are not provided. The improved consistency is encouraging, and does not

change the conclusions drawn in the prvious paragraph.

In summary, the ionic analyses of the sampled wells were useful in describing the potential

13
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Table 4. Water Quality Anaiyxs iur Sampls Collected 10j20,93

Wcll 2G - 7.G I- 11D 6B. 6B-2 26A 602(0 allala)

Constituenh mgtL m i -io -1- meqL io _ 9 iio mL mc fL m iL on

Ca 72 3.60 10.4 126 6.30 6.3 158 7.90 12.6 42 2.10 8.5 33 1.65 4.4 78 3.90 53.3

Mg 36 2.96 8.6 106 8.72 8.7 68 5.60 9.0 17 1.40 S.7 15 1.23 3.3 21 1.73 23.6

Na 640 27.83 80.4 1940 84.35 84.0 1120 48.70 77.9 480 20.87 &..9 800 34.78 91.9 36 1.57 21.4

K 8 0.20 0.6 41 1.05 1.0 I 1 0.28 0.5 8 0.20 0.8 7 0.18 0.5 5 0,13 1.7

Total 756 34.59 100.0 2213 100.42 I00.0 1357 62.47 100.0 547 24.57 100.0 855 37.85 100.0 140 7.32 100.0

An-ions_
Cl 180 5.07 11.2 1300 36.62 34.4 550 15.49 21.1 190 5.35 18.9 200 5.63 15.3 39 1.10 15.3

S04 1700 35.42 78.1 3200 66.67 62.5 2700 56.25 76.5 880 18.33 64.7 1260 26.25 71.3 39 0.8 1 11.3

HCO3 190 3.11 6.9 150 2.46 2.3 100 1.64 2.2 280 4.59 16.2 300 4.92 13.4 304 4.98 69.4

N03 110 1.77 3.9 52 0.84 0.8 10 0.16 0.2 3 0.05 0.2 1 0.02 0.0 18 0.29 4.0

Total 2180 45.38 100.01 4702 106.58 100.0 3360 73.54 100.0 I 353 28.321 100.0 1761 36.82 100.0 41 0 7.191 100.0

S;02 10 12 _ 11 _ 13 12 43

DS(meas) M 6700 4400 1800 2500 431

DS(sum) 2946 6927 4728 1913 2628 583

S Eor(%) 8.2 1.7 3.6 3.0 2.5 15.0

ton Errro(%) 13.5 3.0 8.1 7.1 1.4 0.9

s
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Well 24-40-602 (OgaSllala) - Flying W Diamond Ranch well, sampled byTWDB onl 10/10/1990, included for comparison
TDS M(%) = 100 r'DS(sw)-TDS(mw)lI / (MTSsumrn.TDS(meca)3
to: Error(%) a 100 rroa Ca ecf0Tou Arous(mcq)I / (Toi Cations(wmc4)+Tou Anion s(mcq/L))
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Table 5. Water Quality Analyses for Samples Collected 1f26-27,94

Well 2-G 7.0 ,lD 6B1- I 68-2 | 26-40602(0 :)

Constident mg/ I m tio n z mg/L meqjL io MVL mecL ion% -me! I meq/L ion % m« s manitT ion % mvnL I meoJL ion

Ca 94 4.70 7.7 196 9.30 8.3 194 9.70 13.7 46 2.30 4.9 34 1.70 2.9 78 3.90 53.3

Mg 421 3.46 5.7 104 8.56 7.6 19 1.56 2,2 9 0.74 1.6 9 0.74 1.2 21 1.73 23.6

Na 12001 52.17 85.9 2150 93.48 83.1 1350 58.70 83.2 1J00 43.48 92.7 1300 $6.52 95.3 36 1.57 21A

K 171 0.43 0.7 44 1.13 1.0 24 0.61 0.9 is 0.38 0.8 13 0.33 0.6 5 0.13 1.7

Toal 1353 60.77 100.0 2484 .112.46 100.0 1587 70.57 100.0 1C70 46.90 100.0 1356 59.29 100.0 140 7.32 100.

-mos-- - - - -

Ca 200 5.63 11.5 M500 42.25 37.0 730 20.56 ±7.2 230 6,48 21.9 230 6.48 13.2 39 1.10 15.3

S04 1900 39.58 80.8 3300 68.75 60.2 2500 5208 68.8 890 18.54 62.6 1800 37.50 76.6 39 0.81 11.3

HCO3 190 3.11 6.4 150 2A6 2.2 130 2.13 2.8 280 4.59 15.5 300 4.92 10.0 304 4.98 69.4

N03 41 0.66 1.3 42 0.68 0.6 56 0.90 1.2 0 0.00 0.0 5 0.08 0.2 13 0.29 4,0

-lowa 2331 48.99 100.0 49921114.141 100.0 3416 75.68 100.0 14001 29.611 100.0 23351 48.98 100.0 400 7.19 100.0

Neutral
S102 Id - - 1.2 -= 12 =14 -_ 12= 4

TD(eas) 2700 7100 40 -- 27004-

TDS(sum) 3695 7488 5015 2484 I3703 583

MS Eri(%) 15.6 2.7 5.4 13.3 15.7 15.0

[on Etror(%) 10.7 0.7 3.5 22.6 9.5 0.9

WeUl 24-40-602 (Ogallsla) . FlyingW DiMsond RSc well, sampled by TWDB on 10/10/1990, Included otor ompaiison
TDS Errr(%) - 100 rl'S(h=}.TDS(mess)l tlMS(v=mWTDS(mefs))
lon ErJ(%) . 100 fl'tal CW ns(meqL.).Toa1 lowS(meqt)l f (Total Catkns(mcqfi.Total Anfons(me/lt)]

a

03
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0,1
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03
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Table 6. Watr Quality Analysms for Samples Collected 3117-18,94

Well 2-- 70 - 1 ID 6B-1 - 612 | 26.4.602(0 alal2a)
Constnitunt M9A McL i % mwiL mccL ion % 91 mgqtL ion 9_mgLI cfiL Ia ion % 9 roveio mpLmgL ion %

.Ocs ._m'_
Ca 84 420 8.9 200 10.00 7.6 180 9.00 9.3 31 1.55 3.7 30 1.50 3.0 78 3.90 53.3
Mg 26 2.14 4.5 98 8.07 6.1 56 4.61 4.8 19 1.56 3.7 12 0.99 1.9 21 1.73 23.6
NA 930 40.43 85.6 2600 113.04 85.5 1900 82.61 8S.3 890 38.701 91.6 1100 47.83 94.2 36 1.57 21.4
K 19 0.49 1.0 4S5 1.15 0.9 23 0.59 0,6 17 0.43 1.0 17 0.43 0.9 5 0.13 1.7

Total 1059 47.26 100.0 2943 132.26 100.0 2159 96.81 100.0 957 42.24 100.0 11599 S0.75 100.0 140 7.32 100.0
Anions

ca 220 6.20 15.0 1640 46.20 40.7 610 17.18 25.5 230 6.48 23.7 230 6.48 17.8 39 1.10 15.3
S04 1500 3125 75.6 3100 64.53 56.9 2300 47,92 71.0 780 16.25 59.6 1200 25.00 68.7 39 0.81 11.3
HCO3 191 3.13 7.6 148 2A3 2.1 125 2.05 3.0 278 4.56 16.7 298 4.89 13.4 304 4.98 69.4
N03 48 0.77 1.9 13 0O21 0.2 22 035 0.5 0 0.00 0.0 0 0.00 0.0 la 0.29 4.0

Total 1959 41,35 100.0 4901 113A21 100.0 3057 67.50 100.0 1288 27.29 100.0 1728 36.36 100.0 400 7.19 100.0

S102 -1 - 12! 1 - 14 12 - 43 -

(meas) 2660 7300 4650 _ . 431
3029 7856 5227 2259 2899 583

Enx() 6.5 3.7 5.8 I 11.6 1 3.6 15.0
Ion Enu(r%) J6.7 '7,7 17.8 21.5 [ 16.5 0.9

. 1
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Well 24-40-602 (Ogallala) - Flylng W Diamond Rach well, sampled by TWDB on 10/10/1990. inluded for comparison
TDS Enor%) - 100 fTDS(sum)-TDS(weu)l / (tS(s=)+TDS(ce..i)J
Ion Enm(%) 100 ITocll C ad mect)Toml Anloas( A)l / (ToWa Cadoasmeq*+TotaI Anions(mrqnL)j
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for flow and mnixing in the sampled siltstone. Although the 'DS and ion ermr values arc higher

than those typically accepted in fresh water analyses. thcy are not uncommon in more saline waters

with high ion coneconrations that can cause interfcrences for some of the analytical techniques.

These results are sufficient to verify the large difference in quality between the shallow fresh

groundwater and thc Dockum waters. In addition, the large differences in composition of the

Dockum water sampics indicate little mixing due to flow in the siltstone.

Review of GCoOIQiC and Hydrolm-lomdc Information on AIndrXws Gumnf

As stated previously in this report. protection of existing groundwater resources is of

utmost concern in siting and design of hazardous waste facilities. The major high quality

groundwater source in the Southern High Plains of Texas is the Ogallala aquifer. In this section,

the direct irpacts of the WCS facility on the Ogallala aquifer in both the local and regional scale are

considered. The site investigation results from the perIit application (AME, 1993) and the

historical findings published in the professional literature are combined in this evaluation.

As stated previously, the shallow permeable formation in the site vicinity is evaluated under the

two aquifer criteria of [11 prcsence of geologic modia that easily tansmit water flow and [2]

presence of sufficient volume of water for flow to production wells. This section includes

discussion of geologic and hydrogeologic information from the AME (1993) pcrmit documents,

existing literaturc descriptions, and the most recent field workc by Lrhman (1996). Please note that

all of thc refercnccs prior to Lchman (1996) refer to the shallow permeable fonnation in westem

Andrews County as the Ogallala formation. Lehman's (1996) clarification is presented at the end

of this section.

As reported in the hydrogeologic section in the permit application (AME, 1993). the

borings drilled in the subsurface investigation encountered permeable sands and gravels identified

as the lower portion of the Ogallala formation. Saturated conditions in these sediments were ondy

rarely encounterd, and then only beneath a surfacc depression. The saturated zone beneath the

"buffalo wallow" was not sufficient to allow water to collect in the borehole. Mhe conclusion of

the site characterization was that the Ogallala formation is presen rbencath the site, but the

18
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formation does not contain an extensive, continuous volume of water suitable for development.

The expericence of Mr. Vance with the shallow Ogallala well at the Flying W Diamond Ranch

corroborated this view, since the well was known to produce waler only sporadically after sizable

rainfall events. ne wounded shape. as shown in Figure 1, of the top of the Dockum group.

apparently encourages water that infiltrates into the shallow permeable fornation from the surface

to flow away from beneath the WCS site. It is also possible that rainfall may be so low in this

location that soil and vegetation combinations in the area may prevent infiltration of significant

anounts of water.

Documents describing the Oga31ala aquifer conditions in the Andrews County vicinity wen;

obtained from the TWDB and thc holdings of the Texas Tech libraries. Six documcnts direcdy

addressed the groundwater resources in the county, but, as will be shown in thc following

discussion. little accurate historical information exists that describe the conditions in the western

portion of the county.

In 1940. the Texas Board of Water Engineers published a report on the groundwatr

development in Andrews County (TIBWE, 1940). This report was a compilation of drillers' logs,

well and test hole reports, and chemical analyses from wells in existence prior to 1940. The

reports referred to a few hundred wells in the county, with most of the pumping wells in the

eastern two-thirds of the county near the city of Andrews. No wells were shown in the vicinity of

the WCS sit&

Cronin (1961) presented a report on the occuatrnce and use of groundwater in the Southern

High Plains as part of a joint effort between the U.S. Gcological Survey (USGS). TBWE, and the

High Plains Underground Water Conservation District. The report included a thorough discussion

of the regional lithology as understood at that time and a nuabcr of contour maps that showed the

elevation of (he water table in the Ogallala aquifer, the elevation of the base of the Ogallala, and the

saturatod thickness of the aquifer across the region. Figure 3. which shows the elevation of the

base of the Ogallala, provides no resolution of that quantity in the western one-fifth of Andrews

County. implying that acccptably accurate records were not available to the author. Figure 4,

19
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whJch shows the lcvatioll of the water tabic in 1958. only indicates measured values in the

northeast corncr of Andrews County. Figure 5, thc contour map of saturated thickness in the

OgallaJa, is directly related to the limited information in Figures 3 and 4. Figure 5 displays thc

estimated saturated thickness at the intersection of statc highway 176 and the state linc, near thc

WCS site, to be 0 (zero) fL The method used to derive this estimate was not explained in the

report. Apparently, the only appreciable Ogallala watcr storage in Andrews County was believed

to be in the eastern portion of the county.

TMe IWDB is now the state agency that manages the database describing the state's surface

and groundwater resources. Within this responsibility. the 1WDB monitors groundwater levels

und water quality at selected locations around the state. This data is dthn used in modeling efforts

for projections of groundwater usage and storage for pcriods 20 to 50 years in the future. IThr

TWDB wells were identified within 2 niilcs of the WCS site (AME, 1993, Plate VI.A.I). A visit

was made on October 4. 1993 to the TWDB office in Austin to obtain the records for these three

wells. Well 26-40-201, owned by Mr. Ed Tinsley, is located approximately 1.2 miles northeast of

the WCS site. Wells 26-40-601 and 26-40-602 (about 1200 ft cast of 26-40-601). both associated

with the Flying W Diamond Ranch, amc located about 1.4 miles cast-southcast of the WCS site.

Table 7 summarizes the reported water depth measurements at these wells. Without a site-specific

value of the clevation of the base of the Ogallala at wells 2640-201 and -601. it is impossible to

estimate the local saturated thickness. Also, it appears that no water depth measurement was made

by the TWDB at well 26-44602. Therefore, the wells monitored and reported by the IWDB

provide no assistance in estimating local storage in the Ogallala aquifer. A total of four water

samples have been collected from die three wells since 1974, with the most recent at well 26-40-

602 (Table 2). The water quality at wells 26-40-601 and -602 have been quite similar, as would be

expected due to their proximity. Well 26-40-201 has about twice the TDS of the other two wells,

due to larger concentrations of calcium, sulfate, and chloride.

Ashworth and Flores (1991) of the TWDB published a set of two rnaps that ddlincated the

areal extents of dte major and minor aquifers in Texas. along with a report which described the
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Table 7. Water Dcpth Measurements at TWDB Wells Near WCS Site
(na = information not available)

Well Depth of Date Depth to Water Surface
Well (fi) Measured Water (ft) Elevation (fi)

26-40-201 na 1 125/79 82.47 3408.53
1113,93 87.14 3403.86

26-40-601 Oia 12110/69 78.55 3411.45
1/13/93 80.03 3409.97

26-40-602 80 na na na

criteria used to define the aquifer locations on the naps. Pigurc 6 is a color copy of their major

aquifer wap, whicl identifies the presence of thc Ogaliala aquifer in vitually all of Andrews

County. Thc primary ztfrrence for this map was Cronin (1961). According to Ashworth

(personal communication). this classification was based on the presence of the geologic formation,

with only secondary consideration of the amount of water in storage at any given location. Ile

fact that the western portion of Andrews County is identified as underlain by the Ogaliala aquifer

does not mean that the formation holds sufficient, if any, water for production. Thc publication of

the maps was intended to show regional distribution of the formations that serve as aqwfers across

the state, not to define site-specific representation of available water.

Ashworth and others (1991) published an "Evaluation of the Ground-Water Resources in

the Southern High Plains of Texas" under the direction of the state legislaturc as pant of a state-

wide effort to identify areas with potentially critical problems of gioundwater quantity or quality in

the next 20 years. This report was supported by the TWDB's on-going computer modeling of the

aquifcr's response to recharge and withdrawal, later published by Peckham and Ashworth (1993).

Ashworth and others (1991) included data describing historical gnrundwater usage in Andrews

County for municipal. agricultural, and industrial purposes as wcll as contour waps of water lcvel

changes wnd storage in the aquifer. Of particular interest to this study of the WCS site is Fig=r 7.

a regional contour map of the water tablc elevation that shows that she approximate altitudc of te

water table in the Ogallala at the WCS location as of 1990 was 3400 ft Whis value of 3400 ft

cannot be accurate in the sitc-spccific sense for the WCS site, since the elevation of the base of the
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Ogallala at thc WCS site ranges from 3400 to 3450 ft as shown in Figure 1. In addition. Higure S,

a contour map of regional saturated thickness, shows an approximate saturated thickness for 1990

at thc WCS site location of 50 ft. This thickness is also not possible at the WCS location since the

thickness of the shallow permeable formation is less than 40 ft. most of which is caliche. Again, it

is not surprising that the regional infornation in the report by Ashworth and others (1991) does not

accurately reprcsent the conditions at the WCS site. Tne publication was intended to show regional

distribution of the water in the Ogallala formation, not to define site-spcific description of storage.

The detailed subsurface investigation reported in the permit application (AME, 1993) provides the

necessary spatial resolution for description of the site-specific conditions for the proposed WCS

facility.

Two very iccent publications of the TWDB also included Andrews County within their

study areas. Peckham and Ashworth (1993) described their cffons to calibrate a computer model

for the behavior of the Ogallala aquifer in terms of changes in storage from 1980 to 1990. The

intent of the effort was to align the model's output with the observed changes in water lveds

during that decade by manipulation of the input to the model, especially local aquifer recharge. Tbe

initial 1980 conditions assumed a saturated thickncss of approximately 50 ft near the WCS site.

The report did not detail how the initial saturated thicknesses were assigned at specific points in the

region. It is interesting that the simulation of the 50-yr period filrm 1990 to 2040 with the

calibrated model showed no appreciable change in saturated thickness in the western half of

Ahdrews County. This result implies little withdrawal activity lative to that ie d forcounties

with more irrigated acreage. Hopkins (1993) summarized regiohal water quality information for

the Ogallala aquifer in Texas. Samples were collected and analyzed over a 6-yr peiod. The only

point of intcrest in this report is that only 4 wells were sampled in the western third of Andrews

County. The scarcity of wells in this poorly productive area limited the number of wells available

for analyses.

Lehman (1996) evaluated the literature and field evidence in western Andrews County as a

direct anemnpt to deteinine fth presence or absence of the Ogallala fonnation at the WCS site. His
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study indicated that the "Red Bed Ridge" that makes the WCS site so desirable is a regional feature

over 160 km in length and 5 to 10 km in width. Mis map of die, ridge extent is not included with

this report due to its large size. Thc ridge nuns from thc northwest to the southeast from the statc

line through Andrews County into Winkler and Ector Counties. It serves as a palco-drainage

divide that separates the Ogallala aquifcr on thc northeast from the Cenozoic basin fill aquifer to the

southwest. Directly above the ridge, the shallow permeable sediments are the Cretaceous Edwards

Umnestone. Comanche Peak formation, or the Antclr Sandstone. Thcsc formations may be

overlain by a caprvck caliche, which in turn may have a thin venecrof younger sediments. The

Ogallala likely pinches out near the line defined by Monument Draw in northern Andrews County,

and it may be hydraulically connected to thc, Cretaceous sediments. However. the lack of

developable groundwater rmsources in western Andrews County south of Monument Draw makes

it unlikely that significant flow could move from the WCS site northward to the producing areas in

Gaines County. At the WCS site, the shallow permeable formation was positively identified as the

Antlers Sandstone by its characteristic gravels and absence of Octaceous Gryphaca shells that

occur in the Ogallala formation. The exposure of the Antlcrs Sandstone at the WCS excavation and

other locations in Andrews County show that this formation is penneable. but it does not have

significant water storage for development of dependable water wells other than low-flow

windmills. In light of these findings, the water wells monitored by the TWDB in the vicinity way

also not be in the Ogallala fornation. Groundwater collects in the Antlers Sandstonc only where

the Tfiassic surface relief allows storage volume. The combination of low rainfall and high

evapotranspiration likely linit recharge to this fosmation in the site vicinity.

In summary, the TWDB and TBWE generated several reports over the years that have

included descriptions of the groundwater resources of Andrews County. In all cases, the vast

majority of the waterin storage was located in the eastern portion of tlic county. Cose

examination of the contour maps in these reports results in estimated saturated thickness of the

Ogallala at thc WCS site to be 0 (zer) ft. The shallow permeable formation at fth site was

originally identified as the Ogallala in the subsurface investigation. Lehman (1996) showed that
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the OgalJhda fonmation is not prrsent at the WCS site, nor is it present in a significant portion of

Andrews County. No matter what the narne of the local shallow permeable formation is, dic local

high in the upper surface of the Dockun group apparently cncourages water that inftltrates, if there

is enough for recharge, into this formation to flow away from the site. According to typical

definitions of an aquifer. both sufficicnt pcnncability and sautratd conditions are necessary for a

stratun to be an economical water source. The shallow penneable formation at the WCS site docs

not mcct both requirements.

QMnnl os and Recnra nendasiors

After review of the pcrmit docurnents and available information about the local

hydrogeology, tie operation of the WCS facility should have no significant impact on local

groundwater resources. The installation of the landfill with its bottom excavated through the

Antlers Sandstone fornation into the red clays of the Dockum group should prevent transport of

contaninants into that shallow permeable formation. The conventional double lincr system

coupled with the thick Triassic clay foundation provide multiple bariers, to contaminant migration.

Careful operation of the facility during construction and over its useful life as contolled by state

and federal regulations should meet the objectives of safe disposal and protection of the

cnvironment.

The Ogallala aquifer does not exist at the sie. The shallow permeable fonnadon is more

correctly identified as the Antlers Sandstone. This formation does not meet both criteria for

classificauion as an aquifer at Ws location. Thc presence of the "Red Bed RWdgce in the Dockum

grup apparently tcwourages water that iniltrates into the sands and gravels in the basc of the

formation to move away to dxc northeast and southwest. Tbe shallow permeable formation does

not contain suffiicient wat at this location for development with wells. Low rainfall and

high evapotranspiration In this ea limit the potential for goxundwater rccharge.

It is recommended that questions about the Ogallala aquifer as this sitc be considered be put

aside as imrelevant based on the available infonmation and landfill design Emphasis should be

placed on the positive features of tihe site, primarily the proxinity of the Tiassic clay as the
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foundation for the landill bottom, in presentation to regulatory and public groups.

'Mt siltstone layers in the Dockum group, identified as the "uppermost aquifer " for

monitoring purposes, also do not fit the two criteria for an aquifer in the water resource

development sense. The monitoring wells established in the siltstone are the only altenative for

detection of leachate in the remote possibility that the landlill's multiple liner systems fail. Tne lack

of a typical productive aquifer beneath the proposed site is an advantage, since that type of medium

could easily transport containants if the double liner system failed.
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Appendix

Water Level Measurements Povided by AME (Messenger. persona] communication)
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Table A.1. Water L~evel Measurements
(Source, AM Environmental (Messenger, personal communication])
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Geology of the WCS - Flying "W" Ranch, Andrews County, Texas

1. Introduction

The general gcological setting of the WCS - Flying "W" Ranch area in western Andrews
County, Texas, has been previously described in permit applications (e.g., AM Environmental,
1993) and unpublished reports (Lehman, 1 996a; 1 996b). Thes reports provide an adequate
overview of the regional geological setting and a detailed description of the site-specific
conditions at the WCS facility. For example, Figure I shows the local topography of the "red
bed' surface as was determined by the thorough geotechnical investigation done during the
design of the WCS facility (AME, 1993). An exploratory drilling program conducted from
March Whrough June 1999 has greatly expanded the database on subsurface geologic conditions
and groundwater in this area. In this report, some pertinent gcneral information from the earlier
documents is repeated, but attention is focussed instead on new detailed information that has
resulted from the recent drilling program.

Thirty-five air-rotary boreholes were completed as piezorneters on the WCS - Flying "WV"
Ranch (Figure 2). Three of the borcholes (#22, 23, and 24) were offset and drilled to greater
depth (#22B, 2313, 24B). One borehole (#4) partially collapsed and remains problematic.
Detailed geologic logs for each of the 35 boreholes are included as an appendix to this report.
This report provides the following:

[I] further delineation of the "Red Bed Ridge" beneath the ranch property,

[2J description of each of the geologic units penetrated in the boreholms,

[3] discussion of the relationship between the occurence of groundwater and subsurface
geologic conditions, and

[4] methods used to discriminate deposits of the Ogallala and Antlers Formations.
Several figures are included to document the subsurface geology and groundwater distribution,
and are discussed where appropriate in the report. Figure 2 shows the locations of five lithologic
cross-sections that are provided as Figures 3 through 7. Figures 8 through 10 map the elevation
of the "red beds," the thickness of the Antlers sand, and the areal distribution of saturated
thickness.

I
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2. Nature and Origin of the Buried Triassic "Red Red Ridge"

2.1 General Information

The WCS-Flying "W- Ranch straddles a prominent buried ridge developed on the upper

surface of the Triassic Dockurn Group "rcd beds." This feature is referred to informally as the

"Red Bed Ridge." Previous reports (e.g., Lehman, 1996a) have described this feature, but the

recent drilling program provides additional information on its nature and extent (Figure 8).

The crest of the buried "Red Bed Ridge" is a mile or so in width and extends for at least

J 00 miles from northern Lea County, New Mexico, through western Andrews County and into

Winkler and Ector Counties, Texas. The modem surface topography roughly coincides with the

trace of this buried ridge, but is in gencral more subdued. In Lea County, the buried ridge runs

parallel to and less than a mile northeast or southwest of the Mescalero Escarpment (Nicholson

and Clcbsch, 1961; Ash. 1963; Cronin, 1969), and similarly in Winkler and Ector counties the

buried ridge coincides roughly with the western escarpment of the High Plains. The ridge is at

least in part a product of structural deformation, as underlying Triassic strata have subsided in

response to dissolution of Permian salt beds to the south and west of the ridge, underlying the

Monument Draw Trough, San Simon Swale, and Pecos River Valley (Maley arid Huffington,

1953; Nicholson and Clebsch. 1961; Anderson, 1980; Baumgardner et al., 1982; Gustavson and

Finley, 1985). The ridge also roughly parallels the western margin of the buried Central Basin

Platform in underlying Permian strata. However, the ridge is also in part a product of post-

Triassic erosion, which has removed part of the Triassic section both northeast and southwest of

the ridge. Cretaccous strata arc absent southwest of the ridge. To the north and east of the "Red

Bed Ridge", the High Plains surface is relatively undisturbed, and underlying Cretaceous and

Tertiary strata are gently inclined to the southeast. In contrast, to the south and west of the ridge,

dissolution of underlying Peruian. salt beds has resulted in deformation of the Triassic and

Tertiary strata, and the High Plains surface has been locally disrupted by subsidence.

Several authors have commented on the nature and importance of this buried ridge, but it

has not received widespread attention. Hawley (1984, pp. 161-162) regarded this as the position

of a major drainage divide in the sub-Ogallala topography, and that this divide separated two

major fluvial systems throughout Late Cenozoic time. Dcposits of the Ogallala Formation lie to

the north and cast of the buried ridge, while deposits of the ancestral Pecos River (variously

2
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mapped as "Cenozoic Basin Fill," Gatufia Formation, or Ogallala Formation) lie to the south and

west of this ridge (Reeves, 1972; Kelley, 1980; lawlcy, 1984, 1993). Hawley (1993) suggested

that use of the name "Ogallala Formation" could be restricted to deposits northeast of this divide,

while the name "Gatuia Formation" could be used for equivalent deposits to the southwest.

Little or no sediment accumulated on the summit of the buried "Red Bed Ridge, where instead,

the "Caprock" Caliche developed directly on the exposed surface of underlying Triassic or

Cretaceous strata, or on a thin veneer of eolian sediment. Reeves (1972) indicated that basal

Ogallala gravels arc present, at least locally on the crest of the ridg;, suggesting that it may not

have been an effective drainage divide during the later phases of Ogallala deposition It is

apparent that the buried ridge marks the position of a persistent ancient drainage divide between

the ancestral Pecos River (to the southwest) and the Bramos and Colorado Rivers (to the

northeast). It also roughly coincides with the modem drainage divide.

2.2 WCS - Flying 'W" Ranch

The recent drilling program defined the extent of the "Rcd Bed Ridge" on the ranch area

in greater detail than known previously, and provided further evidence for the origin of this

feature. Cretaceous strata overlie the summit of the ridge along its length. AM Environmental

(1993) had previously reportcd over 50 borcholes and well logs within the WCS site (Figure 1),

and these data points were considered in the construction of the "red bed"-related maps within

Andrews County in this report. Weaver Boos & Gordon, Inc. (1997) also provided data at 1I

borcholes west of the state line and west of the WCS site. Thc "Red Bed Ridge" enters the

northwest comer of the ranch and extends to the WCS landfill area and southeastward to

Windmill Hill (Figure 3). From ther the ridge branches southward to the vicinity of well #30

and eastward to the vicinity of well 026. The southern branch likely terminates south of the

ranch boundary, whilc the eastern branch probably tracks the continuation of the ridge to the

south and cast. Along the length of the ridge, the "Caprock" Caliche is qxosed at or near the

land surface, and so generally corresponds to the mapped distribution of the Kirabrough soils or

Blakeney and Conger soil association (Figure 2; Conner et al., 1974). Additional drilling is

necessary to establish fth continued course of the "Red Bed Ridger to the cast; however, it likely

continues roughly south and east along the route of State Highway 176 whuere the Urnbrough and

Blakeney-Conger soils arc present.

3
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The presence of the -Caprockr Caliche over the entire area, both north and south of the

Red Bed Ridge" suggests that the ridge is not the buried erosional edge of the Caprock

Escarpment, one of several possible interpretations of this feature. The ridge was present prior to

formation of the 'Caprocl" Caliche and subsequent erosional retreat of the escarpment of the

High Plains. Nevertheless, the absence of Cretaceous strata southwest of the ridge indicates that

at least part of the relief on this fcantre is a result of erosion.

On the WCS - Flying "VW Ranch, and along most of the length of the "Red Bed Ridge',

the southwestern flank of the ridge is more steeply inclined than the northeastern flank. The

decline in elevation of the basal sand interval of the Antlers Formation southwest of the ridge

.(eg., Figure 4, well #15) suggests that some of the relief on the "Red Bed Ridge" is owing to

post-Cretaceous/pre-Late Tertiary structural deformation. However, the irregular southern

boundary of the ridge indicates that relief is likely not due to faulting, and may more likely reflect

a gentle fold.

3. Subsurface Geology

In this following section. each of the geologic units documented in the WCS - Flying "WV'

Ranch drilling program is described. The formations are given in ascending order (from oldest to

youngest). General information on the distribution and characteristics of each unit is provided,

followed by information specific to conditions observed in the WCS - Flying 'W" Ranch area.

31 Chinle Formation (= Cooper Canyon Formation, Dockum Group: Triassic)

3.1.2 General Information

The distribution and regional characteristics of the Triassic Dockunm Group were recently

reviewed by Lehman (1994a, 1994b). TMe Dockum Group consists of five formations in

ascending order these are the Sata Rosa, Tecovas, Trujillo, Cooper Canyon, and Redonda

Formations. These strata atain their maximur total thickness in excess of 1800 ft in the

subsurface of Yoakum County. and are over 1000 ft thick in western Andrews County. The

uppermost unit in the Dockum Group was traditionally (but incorrectly) referred to as part of the

Chinle Formation in the southern part of the High Plains tegion- Morc recently these strata have

been identified as the Cooper Canyon Formation (Lehman, 1994; Lehman et at, 1992). These

4
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1989) and Nativ and Gutierrez (1988). The entire local Cretaceous st atigraphic section Consists

of six formations; in ascending order these are the Antlers, Walnut, Comanchc Peak, Edwards,

Kiamichi, and Duck Creek Formations. In the Southern High Plains area, Cretaceous strata

attain their greatest preserved thickness in the vicinity of Yoakum County where they exceed 220

ft in total thickness. Southward from Yoakumn County, the Cretaceous section thins and is absent

in some areas of Gaines and Andrews Counties, primarily due to erosion prior to deposition of

the Ogallala Formation. In southern Andrews County, and areas further south, Cretaceous strata

are thicker and widely exposed.

Only the basal Cretaceous unit, the Antlers Formation, is present in the WCS-Flying "W"

Ranch area; although a small outcrop identified as Fort Tenett Formation (equivalent to the

Comanche Peak Limestone) is mapped immediately west of the ranch in Section 29 T.2 I S.

(Hobbs Sheet, 1976), and a thick bed of Cretaceous limestone is also exposed on the ranch in the

floor of a gravel pit in the west-central part of Section 8 (Block A-39; see Figure 9). This

material is also likely a part of the Fort Terrell (= Comanche Peak) limestone. The "basal sand"

of the Cretaceous section in the High Plains region is identified as the Antlers Formation, but in

older literature is also referred to as the Antlers Sandstone, Trinity Sandstone, or Paluxy

Sandstone (see Fisher and Rodda, 1967). It is also referred to infonnally variously as the

"Antlers Sand" or "Trinity Sand." This unit consists of weakly cemented fine to medium-

grained quartz sandstone and chert-pebble conglomerate. The Antlers Formation varies

regionally from 10 ft to 80 ft in thickness (Nativ and Gutierrez, 1988). The thick areas comprise

several linear belts trending approximately southeastwardly across the High Plains, where the

Antlers Formation fills erosional channels incised into the underlying "red beds" of the Docknu

Group (Fallin, 1989).

3.2.2 WCS - Flying "W" Ranch

No outcrops of the Antlers Formation are found in the WCS - Flying "W" Ranch area, but

these deposits are exposed in the walls of the excavation at the WCS facility, and are present

within a few feet of the land surface in that vicinity. The Antlers Formation is present only in the

northwest and central part of the ranch ar where it forms a buried erional remnant along the

crest of the "Red Bed Ridge" (Figure 9). The top of the Antlers Formation is encountered in

borings at depths between 5 and 80 ft below ground surftce. The subcrop of the buried Antlers

6
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Formation is expressed at the land surface, and corresponds roughly with the area bounded by a

subtle increase in slope at a topographic elevation of about 3450 to 3485 f.

In the WCS - Flying "W" Ranch area, the Antlers Formation attains a maximum thickness

of about 70 fit and consists of three stratigraphic units; in ascending order these are (1] a lower

coarse-grained gravelly sand, yellowish brown in color (10 YR 7/2 to 716), between 10 and 30 ft

thick with distinctive multicolored chent gravel, [12 a very fine to fine-grained white (10 YR 8/2)

quartzose sand, consisting of nearly pure quartzarenite, 10 to 30 ft thick, and (3) an upper interval

of multicolored shale and mudstone, 5 to 45 ft thick. Where ihe upper shale interval is thickest,

it exhibits a stratigtaphic sequence with white siltstone (10 YR 1) at the base, grading upward

to dark red or purple mudstone (10 R 4/4 or 5 YR /4 to 6/4), gray (5 Y 7/2) shale, and an upper

layer of yellow ( l0 YR 7/6) calcareous shale or argillaceous limestone. The limestone layer at

the top of this interval may actually be the base of the Fort Terrett (- Comanche Peak) limestone.

It is exposed at the land surface in the floor of a gravel pit in Section 8 (Block A-39).

The upper shale interval (unit 3, above) is present only where the Antlers Formation

exceeds 40 R in thickness, in the northwestemn comer of the WCS - Flying "W" Ranch area and

in the central area surrounding Windmill Hill (see Figures 5.7, and 9). Elsewhere in the area, the

Antlers Formation has been thinned or entirely removed by post-Cretaceous erosion, and younger

strata rest on the lower sandy strata of the Antlers or on the underlying Dockum Group 'red

beds". Only the lowermost part of the Antlers Formation (unit 1, above) is present withn the

WCS Facility boundaries and exposed in the walls of the excavation there.

Groundwater in the WCS - Flying 'W" Ranch area is found almost exclusively in the lower

sandy part of the Antlers Formation.

3.3 Ogallala Formation (Late Tertiary: Miocene)

3.3.1 General Information

The regional distribution and characteristics of the Ogallala Formation and the Ogallala

aquifer ar well known (Cronin, 1961; 1969). and have been documented innumerous reports

(recently reviewed by Gustavson, 1990; Gustavson et al., 1991). Regionally, the Ogallala

Formation thins southward across the High Plains, and so is relatively thin in Andrews County,

which lies near the southwestern border of the High Plains. In the southern part of its

7
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distribution, the Ogallala Formation does not exceed I00 to 200 ft in thickness (Seni, 1980). On

a local scale, the thickness of the Ogallala Formation also varies fiom relatively thick sections

(typically exceeding 1 00 ft) dominated by gravel and coarse sand, to relatively thin sections

(typically less than 100 ft) dominated by finer sand and silt. The thick sections represent fluvial

paleo-valley fill deposits that trend southeastwardly across the High Plains. These palco-valley

deposits are marked by higher net hickness of sand and gravel, and a high percentage of sand

and gravel (Seni, 1980). Such areas generally correspond To the greatest saturated thickness in

the Ogallala aquifer. The broad areas where the Ogallala Formation is relatively thin or absent

represent "inteffluve" or upland regions betscn the palco-valley axes, where fine-grained colian

sediments predominate. The Ogallala Fot-mation is thin or abscnt over the top of remnant

Cretaceous bedrock "highs` on interfluves (e.g, Reeves, 1972), and may never have been

deposited in these areas. Where present in interfluve regions, the Ogallala has a low net sand and

gravel thickness and low percentage of sand and gravel. The interfluve areas correspond to

regions with lower saturated thickness in the Ogallala aqifer (eg. Pecklham and Ashworth,

1993; Nativ and Smith, 1987).

In northern Andrews County, northeast of the "Red Bed Ridge," the Ogallala Formation is

relatively thick and consists of fluvial sand and gravel deposits filling the southernmost of the

paleo-valleys, which roughly coincides with the present course of Monument Draw in northern

Andrews and southern Gaines Counties. The Ogallala Formation is absent from central Andrews

County and areas southward where Cretaceous strata are present at ox near the land surface in

most areas. The "Red Bed Ridgc," including the WCS - Flying "W" Ranch area, is an interfluve

region.

3.3.2 WCS -Flyina "W' Ranch

The Ogallala Formation is not exposed in the WCS - Flying "W" Ranch area, but is present

in the subsurface along the iiorth and east sides of the ranch boundary at a depth of 45 to 105 ft

below ground surface. In this area, the Ogallala Formation varies from 5 to 40 ft in tidciess and

rests on Dockum Group "red beds" or locally on the Antlers Formation (see Figures 4, 5, and 6).

These deposits consist of yellowish brown (10 YR 8/4) fine to medium-grained sand with

granule-pebble gravel. Where the Ogallala deposits are greater than 20 ft thick, an upper interval

of very fine to fine-grained sand, slightly pink in color (5 YR 7/4) is present.

£
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Groundwatcr was found in only three borings that penetrated the Ogallala Formation along

the eastern border of the ranch area.

3A ?Gatufia Fonnstion ("Cenozoic Basin F-ill": Late Tertiary - ?Quaternary)

3.4.1 General Information

Southwest of the "Red Bed Ridge," deposits in part equivalent in age to the Ogallala

Formation arc present, but these have typically been identified informally as the "Cenozoic Basin

Fills' (Maley and Huffington, 1953) or 'Cenozoic Pecos Alluvium" (Ashworth and Flores, 1991).

They are at least in part equivalent .to the Gatufia Formation (Kelley, 1980). Somc of these

deposits have been mapped as Ogallala Formation (Nicholson and Clebsch, 1961; shown as "Toe

on the Geologic Atlas of Texas, Hobbs Sheet, 1976). but may more logically be included with the

(3atuna Formation, as suggested by Hawlcy (1993). In the WCS - Flying "WL Ranch area, these

deposits predate formation of the overlying "Caprock" Caliche, and therefore are equivalent in

age to the Ogallala Formation. Neverxtheless, they differ lithologically from sediments of the

Ogallala. These deposits will be referred to hcre as the ?Gatufia Formation, using the question

mark to indicate this uncertainty in formation assignment.

The alluvial fill of the Lower Pecos Valley (including the Gatuiia Formation) is at least 13

million years old (as old as the basal sediments of the Ogallala Formation; Powers and Holt,

1993; Hawley, 1993), and so downcutting and widening of at least the lower part of the Pecos

River Valley must have occurred before or during deposition of the Ogallala Formation. The

youngest part of the Gatuiia Formation is no older than 600,000 years.

The Pecos River Valley subsided in response to subsurface salt dissolution. A peripheral

zone of subsurface (Pennian) salt dissolution surrounds the High Plains, with its imser boundary

generally coincident with the present escarpment of the High Plains (Gustavson and Simpkins,

1989). This peripheral belt of subsurface salt dissolution underlies the Pecos River Valley. A

curvilinear belt of subsurface salt dissolution also coincides with the buried Permian Capitan

Reef trend surrounding the Delawarc Basin. Saltdissolution has occurred over the buried

summit of the artesian reef aquifer (Anderson, 1980; Baumrgardner et al., 1982: Reeves, in

Gustavson Ct al., 1991). Extensive salt dissolution over the Capitan Reef trend resulted in

subsidence of the Monument Draw Trough in Winkler and Ward counties, Texas and in the

9
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Delaware Basin beneath the Pecos River Valley (Maley and Huflington, 1953). Subsidence over
the reef trend resulted in a depression now filled with "Cenozoic Basin Fill," referred to locally
as the Monurnent Draw Trough. This belt lies 15 to 20 mi west-southwest of the WCS - Flying
"W" Ranch.

3A2 WCS - Flyin "W" Ranch

The ?Gatuiia Fornation is exposed on the ranch only in a small area at Baker Spring
(Figure 2; Section 28, T.2 1S.). Approximately 15 to 20 ft of coarse, red, cross-bedded gravelly
sand, with scattered large boulders of sandstone and limestone, is exposed along the stecp bluff
on the north and east side of Baker Spring, overlain by the "Caprock" Caliche. The base of the
?Gatuha Formation is not exposed at this location, but must lie at shallow depth because the
Dockum Group "red beds" crop out several hundred feet to the soutlL T1 ?Gatuiia Formation is
present extensively in the subsurface along the southern and southwestern bounday of the ranch
area at depths from 45 to I I5 ft below ground surface (see Figures 3, 4. 5, and 6). The ?Gatua
deposits arc vexy thin in this area, firom S to 15 ft. and consist of fine to medium-grained sand and
sandstone with granule-pebblc gravel. These sediments have a distinctive red coloration (10 R
614 to 5 YR 4/6-6/6). Deposits of the ?Gatufia Formation rest on Dockum Group "red beds"
everywhere on the WCS - Flying OWN Ranch.

No groundwater was found in the boreholes in the ?Gatufia Formation, although
groundwater appears to be discharging from these deposits at Baker Spring (see Figures 3 and 7).

3.5 "Caprock" Caliche (Late Tertiary - ?Quaternary)
3.5.1 Gcneral Information

Overlying all pre-Quaternary strata in the High Plains region is a thick bed of hard
caliche. This dense layer of pedogenic limestone is often refared to informally as the "Caprock`
Caliche in the Southern High Plains region where it overlies the Ogallala Formation. It is usually
mapped as part of the Ogallala Formation. However, the term "Caprock" Caliche has not been
accepted as a formally recognized stratigraphic unit, because in many areas it consists of several
superimposed caliche beds that formed at different times, and includes caliche that formed earlier
during deposition of the Ogallala Fornation, as well as in more recent times, long after the end of
Ogallala deposition (Gustavson et al., 1991). Caliche developed on the surface of older

lo
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Cretaceous rocks is mapped simply as "caliche" (shown as "Qcc" on the Geologic Alias of

Texas, Hobbs Sheet, 1976), and not as part of the Ogallala Formation although it is identical in

composition and morphology to the -Caprock" Caliche and likely formed at the same time. The

term "Caprock" Caliche is used here in quotation marks to reflect this infozrnal status and

uncertain correlation.

In areas such as western and southern Andrews County, where the Ogallala Formation is

absent or very thin, the "Caprock' is highly brecciated, pisolitic, and silicified; and it formed

directly on the eroded surface of older (Cretaceous) strata. Many of the cxposures mapped as

Ogallala Formation in Andrews County (shown as "To" on the Geologic Atlas of Texas, Hobbs

Sheet, 1976) consist in reality only ofCaprock" Caliche developed on top of older Cretaceous

strata. In many cases. no actual deposits of the Ogallala Formation are present. In southern

Andrews County, and areas farther south, caliche developed on the surface of older Cretaceous

rocks is mapped simply as "caliche" (shown as 'Qcc" on the Geologic Atlas of Texas, Hobbs

Sheet, 1976), and not as pan of the Ogallala Formation.

The "Caprock" Calichc formed on the High Plains surface after deposition of the Ogallala

Formation (Late Miocene) and at least in part prior to deposition of the Blanco Formation (Late

Pliocene). It is likely that formation of the "Caprock" began when the High Plains surface was

isolated by erosional incision of the Pecos, Canadian. Brazos, and Colorado rivers (Osterkamp

and Wood, 1984).

3.5.2 WCS -Fl igr"W" Ranch

The "Caprock" Caliche is present over the entire ranch area, and the upper surface of the

"Caprock" is exposed at the land surface in many places along crest of the -Red Bed Ridge"

where erosion has removed the overlying cover of Quatemayr windblown sediment (see Figure

2). Where the "Caprock' is present near the land surface, the thin Kimbrbugb soil, or Blakency

and Conger soil association, is developed (Conner et al., 1974). A complete section of the

"Caprock" is exposed along the north and east sides of Baker Spring, and in several gravel pits

(Figure 2; southeast Section 3 and west-central Section 8, Block A-39). The top of the

"Caprock" typically lies at a depth of 25 to 50 ft, but is found at nearly 100 ft in the southwest

corner of the ranch1 The "Caprock- formed on the upper surface of the Antlers, Ogal0ala, and

I1
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?Gatufia Formations and engulfs materials of these formations, particularly in its lower part. It

evidently formed on a land surface with substantial topographic relief (see Figures 3 through 7)

The "Caprock" Caliche consists of hard, laminated, and pisolitic caliche with included

chert pebbles. It is typically 5 to 10 h thick, but up to 20 ft thick in a few places Where the

-Caprock" is thick, it has been partially replaced with nodules and layers of opal. It has a dense

brown (5 YR 6/4) laminated, pisolitic, and partly silicified upper layer that grades downward into

softer lighter colored (5 YR 814) caliche. Where it is exposed at the land surface, the "Caprock"

has degraded to form a broken rubble with fissure fillings and clasts of dark brown sand. Clasts

of degraded caliche form a mantle of colluvium on slopes. In places, this degraded caliche

rubble is mapped as "other Quaternary deposits" (Qao) on the Geologic Atlas of Texas Hobbs

Sheet (1976).

The "Caprock- Calichc can be distinguished from younger caliche deposits in overlying

Quaternary strata (e.g, Blackwater Draw Formation) which are lighter in color, softer, lower in

density (owing to higher porosity), include abundant sand, and are not laminated or pisolitic.

The "Caprock" typically lies within the unsaturated zoneG Groundwater was found within

the "Caprock7 Caliche at one location (well #12).

3.6 Blackwater Draw Formation (Quaternary: Pleistocene)

3.6.1 General Information

The regional distribution and characteristics of the Blackwater Draw Formation were

reviewed by Reeves (1976) and Holliday (1989). These deposits werc formerly referred to as the

"windblown cover sand" and are so designated on the Geologic Atlas of Texas (shown as "QcsW

on the Hobbs Sheet, 1976).

The Blackwater Draw Fornation is colian in origin, and forms an extensive mantlc over the

surface of the High Plains, diminishing in grain size from predominantly sand on the

southwestern side of the High Plains to clay on the notest. Alluvial sediments of the Pecos

River Valley served as the source area for windblown sediment transported to the northeast onto

the High Plains surface (Holliday, 1989). Moden effective sand-transporting winds blow from

the west-southwest (Machenberg, 1984, 1986); grain-size trends and orientation of Plcistocene

vegetated dune ridges indicate that this has been the case for most of Quaternary time. Over the

12
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past 2 million years, most of the High Plains surface experienced periods of wind erosion and

deposition, alternating with periods of stabilization of the surface by vegetation, resulting in soil

formation and accumulation of the Blackwater Draw Formation (Holliday, 1989). Radiometric

age determinations on ash beds, and interbedded playa deposits demonstrate that deposition of

the Blackwater Draw Formation began prior to 1.4 million years ago and continued until at least

100,000 to 50,000 years ago (Gustavson et a., 1991). Interbedding of the Blackwater Draw

Formation with radiocarbon-dated playa basin deposits suggests that deposition continued at least

locally up to 3000 years ago (Gustavson et al., 1991; Holliday, et al., 1996).

3.6.2 WCS - Filing "W" Ranch

The Blackwater Draw Formation is present at or near the land surface over much of the

ranch area, but is absent along the crest of the "Red Bed Ridge'" and is buried under younger

windblown sand in the northern and southern parts of the ranch (Figure 2). Where these deposits

are present at the land surface, the Triomas and Wickett soil association has developed (Conner

et al., 1974). A typical section of the upper part of the Blackwater Draw Formation is exposed in

the gravel pit along the common southern borders of Sections 16 and 17 (Figure 2; Block A-29>

Sediments of the Blackwater Draw Formation are up to 60 ft thick on the north side of area, and

as much as 100 ft thick on the south, substantially thicker than previously reported (typically less

than 10 ft according to the Geologic Atlas of Texas, Hobbs Sheet, 1976). The upper 5 to 15 ft of

these sediments consists of reddish brown (10 R 5/6 to 5 YR 5/6 or 616) clayey fine to very fine

sand with nodules of soft sandy caliche. Locally. the upper 5 A is very clayey and contains a dark

brown (10 YR 5/2 to 5 YR 616) organic surface horizon. Sand grains have iron oxide and clay

coatings which give the sediment its distinctive dark red coloration. These grain coatings are a

result of soil formation (Holliday, 1989). The lower part of the Blackwater Draw Formation was

less affected by soil development (i.e., iron and clay illuviation), and is lighter in color (typically

5 YR 7/4 to 8/4) with many layers of soft sandy caliche. The lower 10 to 20 f contains some

coarse to very coarse sand as well as layers of granule-small pebble gravel, and may be partly

alluvial rather than eolian in origin.

The BlackwateT Draw Formation typically lies within the unsaturated zone. No

groundwater was found in these deposits.

13
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3.7 Playa Deposits (Quaternary: Holocene)

3.7.1 General Information

The origin and history of playa babinis on the High Plains has been a subject of study and

debate for nearly a century (reviewed by Reeves, in Gustavson, 1990 and Gustavson et al., 1991;

Holliday et al., 1996). Playa basins range in size from 30 ft to 1.5 miles in diameter, though most

are less than half a mile in diamucter, and exhibit up to 30 ft of topographic relief. The basins

originated 30,000 to 10,000 years ago, although some may be older, and have partially or

completely filled with up to 3 to 30 ft of sediment since that time (Holliday et al., 1996). The

basins formed within the colian "cover sand" of the High Plains (Blackwater Draw Formation)

primarily by wind erosion, and hence are larger and more numerous where the "cover sands" are

thicker (Holliday et al., 1996). The basins typically hold water temporarily only after extended

periods of rainfall, and focussed infiltration of water through the floors of the playas may cause

dissolution of shallow soil caiiche layers beneath the basin, resulting in subsidence and gradual

enlargement of the basins over time (Osterkamp and Wood. 1987; Wood and Osterkamp, 1987).

However, Hollidzay et al. (1996) argued hat dissolution-induced subsidence is not generally

responsible for the origin of playa basins. Formerly, buffalo (and more recently, cattle) may also

have played a role in enlarging the original depressions by transporting mud or dust out of the

basins on their hooves and hides. Playa basins are apparently a surficial phenomenon, and do not

reflect deep-seated subsidence or salt dissolution.

3.7.2. WCS - Mlina! "W" Ranch

Playa deposits are found only in one area, south of the WCS facility boundary (Figure 2;

vicinity of borehole # 19). The deposits consist of IO ft of dark brown clayey fine sand, underlain

by 5 ft of color mottled yellow and brown (gleyed") clayey fine sand. The deposits occupy a

subeircular depression in the land surface, approximately 20001t1 in diameter. This playa basin is

not active, since it is not known to accumulate surface runoff, and the deposits appear to be

undergoing erosion. An arcuate dune deposit (shown as "Qsd' on the Geologic Atlas, Hobbs

Sheet; 1976) bounds the northeastern margin of the depression (see Figures 2 and 4). There are

no mapped occurrences of Lipan clay soils (as are typically developed in the bottoms of modem

playas in this region) on the ranch area (Conner et al., 1974).

No groundwater was found in playa deposits on the WCS - Flying "WV Ranch.

14
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3.8 Windblown Sand (Qu3terwary: Holocene)

3.8.1 General Information

Recent deposits of colian dtues, now mostly stabilized by vegetation, are mapped as

-windblown sand sheets, dunes, and dune ridges undivided" (Qsu) on the Geologic Atlas of

Texas (Hobbs Sheet, 1976). These are probably equivalent in part to those referred to as the

Monahans Fornation to the southwest in the Pecos River valley (Green, 1961; Machcnberg,

1984). These surficial colian deposits are younger than the Blackwater Draw Formation that they

overlie in many areas, and are typically 5 to 10 ft in thickness. In places these deposits arc

undergoing active transport as modem dunes, but in most areas they are at least partially

stabilized by vegetation.

3.8.2 WCS - Flyinpt LW" Ranch

Windblown sand deposits arc present extensively in the north, northeast, and southwest part

of the area. Their distribution generally corresponds with the Jalmar and Penwell soil association

(Conner et al., 1974). Windblown sand deposits are up to 35 ft thick, and consist of light

yellowish brown (5 YR 5/4 to 7.5 YR 6/4) clean, vcry well sorted sand. In most areas, they form

a thin irregular veneer, 5 to 15 ft thick, over the land surface, with the thickest accumulations in

northwest-southeast trending vegetated linear dune ridges. These deposits are distinguished from

similar sands in the Blackwater Draw Formation by their pale coloration (locally very pale; e.g.

10 YR 8/4), absence of iron oxide grain coatings, and absence of caliche nodules.

Deposits of windblown sand typically lie within the unsaturated zone. No groundwater was

found in these deposits on the WCS - Flying AWN Ranch.

4. Geological Control on Groundwater Hydrology

4.1 Gentral Information

Three regional aquifers converge in central Andrews County. The "Ogallala aquifer"

. extends southward across the Southern High Plains into the northern part of Andrews County

(e.g., Cronin, 1969). The 'Edwards-Trinity (Plateau) aquifer` extends northward from the

Edwards Plateau into southeastern Andrews County (eg., Ashworth et al, 1991). The "Cenozoic

Pecos Alluvium aquifer extends northward from the Pecos River Valley into southwestern

Andrews County (e.g., Ashworth and Flores, 1991). The boundaries between these aquifers are

15
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as yet poorly defined in Andrews County. Cretaceous strata on the High Plains, such as

documented here on the WCS - Flying "WV' Ranch area, are thought to be in hydraulic continuity

with the Ogallala Formation; and they are included together as part of the "High Plains aquifer"

in many studies (e.g., Knowles ct al., 1984; Peckham and Ashworth, 1993) although the nature of

cross-formational flow between these units is not well established. In such regional studies, the

WCS - Flying "W" Ranch area has becn generally included within the distribution of the Ogallala

(High Plains) aquifer.

However, the WCS - Flying "W' Ranch area straddles the "Red Bed Ridge," which exerts

control on local and regional groundwater flow. The "Red Bed Ridge" probably acts as a

regional groundwater divide, separating the Ogallala (High Plains) aquifer to the northeast fiom

the "Cenozoic Basin Fill" aquifer (or the "Cenozoic Pecos Alluvium' aquifer of Ashworth and

Flores, 1991) to the southwest. Groundwater flow in the Cenozoic Basin Fill aquifer is to the

south-southwest, while flow in the High Plains aquifer is to the east-southeast (Nicholson and

Clebsch, 1961). The Triassic bedrock "high' beneath the overlying Ccnozoie deposits interrupts

the groundwater table in many areas along its length. In northern Lea County, the crest of the

"Red Bed Ridge" lies above the water table in the Ogallala Formation to the northeast (Ash,

1963; see his sheet 1, cross-section A-A'). Similarly, in central Lea County, Nicholson and

Clebsch (I961, their Plate 2) illustrated several areas where the water table in Cenozoic deposits

is interrupted by bedrock highs on the Triassic "Red Bed Ridge". In western Andrews County,

the crest of the "Red Bed Ridge" coincides with the belt of 0 to less than 20' saturated thickness

in the High Plains aquifer (Knowles et al., 1984).

4.2 WCS - Flying "W" Ranch

Groundwater is not Present continuously berteath the WCS - Flying W"' Ranch, but was

encountered in 17 of 35 boreholes completed (see Figure 10). Over 60 previous boreholes and

well logs, all of which located the "red bed" surface contact without finding water, were reported

by AM Environmental (1993) on the WCS site and Weaver Boos & Gordon, Inc. (1997) to the

west of the state line, and these data points were also considered in construction of Figue 10.

Groundwater occurs in two discrete areas, one in the northwestern corner of the ranch, and the

other in the central area surrounding Windmill Hill. In both cases the groundwater occurs almost

16
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exclusively (14 of 17 wells) within the basal sand unit of the Antlers Formation, and the limits of

observed groundwater (Figure 10) clearly correspond with the subcrop of the Antlers Formation

(Figure 9). The two groundwater-bearing areas are not connected, although the complete lateral

extent of both areas is yet to be established. The saturated thickness is typically less than 10 ft in

each area. The maximum saturated thickness observed is 25 ft in the northwestern area (Figure

10). Both areas are overlain by the upper shale interval of the Antlers Formation (unit 3, above)

which could conceivably act as a confining layer (see Figures 3 and 5). However, in most wells

the sand interval in the Antlers Formation is not entirely saturated. Water table elevations

sugget that groundwater here likely reflects local recharge and not regional lateral flow within

the "High Plains aquiftr." The many closed surface depressions along the crest of the 'Red Bed

Ridge" could act as local recharge points (Figure 5). These depressions are not playa basins, but

have fonned where the "Caprock" Caliche is at or near the land surface (e.g., see areas mapped

as Kirabrouglt soils; Conner el al., 1974) and are known to hold surface runoff after extended

periods of rainfalL One artificially deepened depression southeast of Windmill Hill (southeast

Section 4, Block A-39) retains a significant amount of surface runoff. High water table

elevations beneath the central area suggest that recharge may occur in the area southeast of

Windmill Hill (Figure 5. see Figure 10; sections 3 and 8. Block A-39).

These local "pockets" of groundwater do not appear to contribute groundwater southward

to the "Cenozoic Pecos Alluvium" (--Gatuiia) Aquifer. No groundwater was encountered along

the southern border of the WCS - Flying 'W" Ranch. The Gatuiia Formation was fully

penetrated in at least ten borings and no groundwater was found, although water appears to

discharge from the Gatuiia Fornation at Baker Spring. Similarly, in light of the declining water

table elevation and declining saturated thickness along the north and east boundaries of the ranch

area, the local groundwater "pockets" may also not contribute groundwater northward or

eastward to the Ogallala Aquifer.

The absence of groundwater at lower elevations to the south, steep decline in the water

table elevation, and low saturated thickness to the north and cast together suggest that some

barrier to lateral flow of groundwater may exist. The nature of such a barrier is unknown.

Alteniatively, it is possible that local groundwater flows laterally to the southeast beneath

Windmill 1lill and discharges at the land surface where the elevation falls below the level of the

17
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local water table at incised drainages immediately cast of Sections 2 and 9 (Block A-39; see

Figure 10, Figures 6 and 7). The incised drainage in the southeast corner of Section 2 flows

intermittently eastward to an unnamed saline lake basin about 1 mile east of the WCS - Flying

MW" Ranch. Saline lake basins are known to be sites of groundwater discharge on the High

Plains (e.g. Wood et al., 1992). However, the incised surface drainage here is not known to be

an area of spring discharge, but is dammed at points along its length, where it retains surface

nmoff. Further exploratory drilling to the north and cast of the WCS - Flying "W"' Ranch is

necessary to firmly establish the limits of groundwater in these areas.

Similarly, it is not clear why the two areas where local groundwater occurs arc not

connected. The basal sand interval of the Antlers Formation is present continuously between the

two areas (Figure 9), and elevations on the land surface, water table, and "red bed" surface

suggest that lateral southeastward flow of groundwater could occur between the two areas

(Figure 7). No barrier to lateral flow is apparent. Groundwater flowing southeastward from the

northwestern arma may be intercepted in the subsurface by a southwesterly-directed drainage

(Section 16, Block A-29) to discharge at the land surface at Baker Spring (Figure 3). The lack of

groundwater in boreholes both north and south of Baker Spring drilled by Weaver Boos &

Gordon, Inc. (I 997) in Lea County indicate it is also possible that groundwater may flow to

Baker Spring from the west or northwest This uncertainty might be resolved by installation of

an additional borehole between well location #16 and the WCS facility (i.e., in the northwest

corner of section 25, Block A-29) or west of Baker Spring in Lea County.

5. Discrimination of Ogallala and Antlers Deposits

5.1 General Informition

Because of uncertainties regarding the nature of cross-formational flow of groundwater

between Cretaceous strata and the Ogallala Formation, it is useful to discriminate these deposits

in the subsurface where possible. In recent reports, Cretaceous strata are often not separated

from the Ogallala Formation, and these are collcrtivcly included in the "High Plains aquifer'

(e.g., Knowles et al., 1984; Ashworth et al., 1991; Peckham and Ashworth, 1993). Nevertheless,

it may be important to distinguish these strata for regulatory considerations (e.g., Dutton, 1999).

18
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Determining exactly where the Ogallala Formation pinches out in Andrews County is

problematic. Existing compilations of water well driller's logs in the area are not very useful in

discriminating whether or not the Ogallala Formation is actually present, because in well cuttings

the hard caliche layers (such as the "Caprock" Caliche) are difficult for water well drillers to

distinguish from Cretaceous limestone beds (such as in the Comanche Peak and Edwards

Limestone), and the sand and gravel in the Ogallala Formation is difficult to distinguish from that

in the Antlers Formation. The top of the underlying Dockum Group "red beds" is often readily

identified in cuttings by water well drillers, and so this interface is often reliably picked on logs.

In well cuttings it is often difficult to distinguish the Antlers Formation from the Ogallala

Formation, because both units consist predominantly of poorly cemented sand and gravel. Sands

in the Antlers Formation are fine to medium-grained, white to yellow, and highly quartzose, with

brightly colored chert pebble gravel, dominantly comprised of pink, red, and black chert. and

white quartzite. Sand in the Ogallala Formation is fine to mediumn-grained and sublithic, with

pebble gravel containing clasts of igneous and metamorphic rocks (quartze, granite, rhyolite,

and gneiss), sedimentary rocks (limestone and sandstone), and abraded Cretaceous Gryphaea

shells (e.g., reviewed by Reeves, 1984).

5.2 WCS - Flying "wow Ranch

The excellent exposure in the walls of tie excavation at the WCS facility leaves little doubt

that this unit is the Antlers Formation, and not the Ogallala Formation. It is identical in

composition to the same unit exposed to the east at Shafler and Whalen Lakes. Similarly, in the

surrounding subsurface where the upper shale interval (unit 3, described above) is present at the

top of the Antlers Formation, these deposits are readily identified because similar strata are not

known to occur in the Ogallala Formation. Nevertheless, in many areas it remains difficult to

discriminate the Antlers and Ogallala solely on the basis of well cuttings.

In an effort to systematically discriminate deposits of the Ogallala and Antlers Fonnations,

samples of each unit were obtained from locations where their identification was certain. Two

samples of gravel from the base of the Antlers Fonnation were obtained from definitively

mapped exposures (SHA-5 from the western side of Shafter Lake in central Andrews County;

FLU-I from a roadcut on FM 1269 north of Fluvanna in Scurry County). Two samples of gravel
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were obtained from water wells drilled to the base of the Ogallala Formation (AND- I and AND-

2 from two wells in the Monument Draw paleo-valley adjacent to US Hwy 385 in northcentral

Andrews County). These were compared with a sample of gravel (WCS-I) collected from the

landfill excavation at the WCS facility. Approximately I kg samples were washed,

disaggregated, and sieved to separate all pebbles larger than 8 nmm (U.S. Standard #4 -mcsh sieve)

for identification. All pebbles were identifiecd as to lithology and counted (n =247 to 2691) to

determine their relative abundance in each sample. The results of this analysis are given in

Fig'ure 1

Samples of tie Antlers gravel are distinctive in consisting entirely of clasts of multicolored

chert, hydrothenal 'vein" quartz, and a few highly indurated dark brown sandstone (possibly

quartzite) clasts (pebble types I - S in Figure II). Samples of Ogallala gravel also contain these

clast types, though in lower relative abundance, because the Ogallala gravel is derived in part

from erosion and reworking of the Antlers deposits. Importantly however, samples of Ogallala

gravel also contain high percentages of limestone clasts, reworked Cretaccous mollusc shells

(e."., Gryphaea), friable yellow, pink, and black sandstone clasts, and porphyritic igneous rock

clasts (pebble types 9 - 12 on Figure 11). These are entirely absent in samples of gravel from the

Antlers Fonnation.

Careful inspection of washed cuttings from borings ill reveal at least a few of these

distinctive clast types if present, and so it is not necessary to sieve, count, and identify all pebbles

to obtain an accurate stratigraphic determination. Ogallala sand also typically has a high

percentage of lithic grains compared to Antlers sand, which is virtually pure quartzarenite. These

criteria were used to distinguish the two deposits over the WCS - Flying "W" Ranch area.
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-------- _---------------------------------~-r-v--------------------------------

Date: 1-7-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED F/C SAND, LITTLE SILT, TR CLAY
USCS Class: SM Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA

_ _ _ _ _ _ _- - - -_- - - - - - - - - - - - - -_ _ _ _ _ _ __-- - - - - - - - - - - -

Notes
_ _ _ _ _ _ _ _- - - - - - - - - - - - - - - -_ _ _ _ _ _ _ __-- - - - - - - - - - - - - -

Remarks: BORING: B-101 DEPTH: 20.01

Fig. No.:
_ _ _ _ _ _ _ _ _ _- _- - -_- -_ __-- - -_ _ _ __-- - - -_ _ _ _ _ _ _ _ _ _ _ _ __-- - - - - - - -

Mechanical Analysis Data
_ - --_- -_- -_- -_- -_- -_- -_- -_- -_- -_- -_ _- _ _-- - -_- _- -_- -_- - .

Initial
Dry sample and tare= 436.70
Tare = 0.00
Dry sample weight = 436.70
SamDle split on number 10 sieve-
Split sample data:

Sample and tare = 50 Tare = S~ample weight So5
Cumulative weight Detained tare= 0
e for cumulative weight retained= 0

.Sieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
X4 1.20 99.7
10 2.90 99.3

fi20 1.10 97.2
fi40 4.50 90.4
60 13.80 71.9
100 27.80 44.1

$200 36-.40 27.0
________________- _ _ _ _ _ _ _ _ _ ____________- - - --- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____________- - - - - -____

Hydrometer Analysis Data
______________________________________________________________________________

Separation sieve is number 40
Percent -$ 40 based on complete sample= 90.4
Weight of hydrometer sample: 50
Calculated biased weight= 55.31
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= I



Specific gravity' correction factor= 0.978
Hydrometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
> time, min

. 4- 1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp.
deg C
22.0
22.0
22.0
22.0
22. 0
22.0
22.0
22.0
22.0
23.0
23.5
22.5

Actual
reading
14.5
13.5
12.5
11.5
11.0
10.5
10.0
9.5
8.5
8.0
7.5
7.0

Corrected
reading
10.4
9.4
8.4
7.4
6.9
6.4
5.9
5.4
4.4
4.2
3.8
3.0

K

0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0128
0.0127
0.0128

Rm Eff.
depth

15.5 13.8
14.5 13.9
13.5 14.1
12.5 14.2
12.0 14.3
11.5 14.4
11.0 14.5
10.5 14.6
9.5 14.7
9.0 14.8
8.5 14.9
8.0 15.0

Diameter
nun
0.0479
0.0341
0.0280
0.0244
0.0173
0.0123
0.0090
0.0064
0.0044
0.0027
0.0013
0.0009

Percent
finer
18.4
16.6
14.9
13.1
12.2
11.3
10.5
9.6
.7.8
7.4
6.7
5.4

- Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
% + 3 in. = 0.0 P GRAVEL = 0.3 a SAND = 72.7
% SILT = 19.9 % CLAY = 7.1 (% CLAY COLLOIDS = 5.7)

D85=
D30=
Cc =

0.34 D60=
0.0878 D15=
5.3518 Cu =

0.202 D50= 0.169
0.02809 D10= 0.00714

28.2813

C



GRA I N SIZE DISTRIBUTION TEST REPORT
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JTestJ7. +3- X GRAVEL I % SAND I Z SILT I X CLAY I
_ 9 0.0 0.0 79.8 11.4 8.8

_ LL Pi D85 D60 050 D30 015 Dlo Cc Cu

NA NA 0.342 0.212 0O184 0.127 10.0519 0.0049 15.65 43.2

MATERIAL DESCRIPTION USCS AASHTO

* RED SAND. LITTLE SILT. TR CLAY SC A-2-4

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 102

* Location: HOBBS. NEW MEXICO
DEPTH: 20.0'

Date: 12-22-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



%7X w ~ uLL'.j AZ) LJ.'J.LXJ AwbtL L'dO.:
_ _ _ _ _ _ _ _ _ _ _ _ _- - - - - - - - - - - - - - - - - - - - - - - - ---- -- _ _ _ _ _,-

Date: 12-22-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

_ _ _ _ _ _ _ _ _ _ _- - - - - - - - - - - - - - - - - -- - - - ------- - _ _ _ _ _ _ __- -
Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SAND, LITTLE SILT, TR CLAY
USCS Class: SC Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_
Notes

Remarks: BORING: 102 DEPTH: 20.0'

Fig. No.:
-- - - -- __-___-_____________.

Mechanical Analysis Data

Initial
Dry sample and tare= 123.00
Tare = 0.00
Dry sample weight = 123.00
Sample split on number 10 sieve
Split sample data:
SamDle and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
'e for cumulative weight retained= 0
,ieve Cumul. Wt. Percent

retained finer
# 4 0.00 100.0
t 10 0.20 99.8

# 20 2.00 95.8
# 40 4.80 90.3
# 60 14.40 71.1
# 100 31.50 36.9
X 200 39.90 20.2

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.8
Weight of hydrometer sample: 50
Calculated biased weight= 50.08
Automatic temperature correction
Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.75



^ * - - *

Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp,
deg C
23.5
23.5
23.5
23.0
23.5
23.5
24.0
24.0
24.0
24.0
24.0
24.0

Actual
reading
10.0
9.5
9.0
9.0
8.5
8.5
8.0
8.0
7.5
7.5
6.5
6.0

Corrected
reading
7.3
6.8
6.3
6.2
5.8
5.8
5.5
5.5
5.0
5.0
4.0
3.5

K

0.0127
0.0127
0.0127
0.0128
0.0127
0. 0127
0 .0126
0.0126
0.0126
0.0126
0.0126
0.0126

Ri Eff.
depth

11.0 14.5
10.5 14.6
10.0 14.7
10.0 14.7
9.5 14.7
9.5 14.7
9.0 14.8
9.0 14.8
8.5 14.9
8.5 14.9
7.5 15.1
7.0 15-.1

Diameter
mm
0.0483
0.0343
0.0281
0.0244
0.0172
0.0122
0.0089
0.0063
0.0044
0.0027
0.0013
0.0009

Percent
finer
14.3
13.'
12.
12.0
11.3
11.3
10.6
10.6
9.7
9.7
7.7
6.7

Fractional Components
…__ _ _ _-__ _ _-_-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = O.0 a. GRAVEL = 0.0 % SAND = 79.8
. SILT = 11.4 * CLAY - 8.8 (a CLAY COLLOIDS = 7.0)

D85=
D30=
Cc =

0.34 D60=
0.1274 D15=

15.6495 Cu =

0.212 D50= 0.184
0.05188 D10= 0.00490

43.2016



GRAIN SIZE DISTRIBUTION TEST REPORT
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+3- | % GRAVEL T % SAND %SILT | Z CLAY
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LL pI D85 D60 D50 D3 0  D15 i D1 cc CU

* NA NA I0245 0.176 10.154 10.09291 1
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MATERIAL DESCRIPTION USCS AASKTO

* REDISH BRN SAND. LITTLE CLAY. TR SILT SC A-2-4

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 103

| Location: HOBBS. NEW MEXICO D
| | OEPTH: 5.0@

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, NC. Figure No.



Date: 12-18-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

_ _ _ _ _ _ _ _ _ _- - - -- - -- - -- -- - -- - ----- -- - -- -_ -- _- _--- - -- - --- --

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: REDISH BRN SAND, LITTLE CLAY, TR SILT
USCS Class: SC Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA

Notes

Remarks: BORING: 103 DEPTH: 5.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 100.50
Tare = 0.00
Dry sample weight = 100.50
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
i 4 0.00 100.0
i 10 0.10 99.9
i 20 0.10 99.7
i 40 0.50 98.9
X 60 7.00 85.9
i 100 25.90 48.2
# 200 36.80 26.4

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.9
Weight of hydrometer sample: 50
Calculated biased weight= 50.05
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.73



Hydrometer type: 152H Ettective depth L= 16.294964 - 0.164 x Rm

Elapsed
time, min

1.0
r;. -.. 2.0

3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp, Actual
deg C reading
23.0 13.5
23.0 13.0
23.0 13.0
23.0 12.5
23.0 12.5
23.0 12.0
23.0 12.0
23.5 12.0
24.0 11.5
24.0 11.5
24.0 11.0
24.0 11.0

Corrected
reading
10.7
10.2
10.2
9.7
9.7
9.2
9.2
9.3
9.0
9.0
8.5
8.5

K

0.0128
0.0128
0.0128
0.0128
0.0128
0.0128
0.0128
0.0128
0.0127
0.0127
0.0127
0.0127

Rm Eff.
depth

14.5 13.9
14.0 14.0
14.0 14.0
13.5 14.1
13.5 14.1
13.0 14.2
13.0 14.2
13.0 14.2
12.5 14.2
12.5 14.2
12.0 14.3
12.0 14.3

Diameter

0.0479
0.0340
0.0277
0.0241
0.0170
0.0121
0.0088
0.0062
0.,0043
0.0026
0.0013
0. 0009

Percent
finer
20.9
20.0
20.0
19.0
19.0
18.0
18.0
18.3
17.6
17.6
16.6
16.6

Fractional Components
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ …_- -_ _ _ __- -_ _ _ _ _ _.

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 t GRAVEL = 0.0 a SAND = 73.6
k SILT = 9.2 a CLAY = 17.2 (% CLAY COLLOIDS = 16.6)

D85= 0.25 D60=
D30= 0.0929

0.176 D50= 0.154

i�



GRAIN SIZE DISTRIBUTION TEST REPORT
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_ LL |Pi D85 | D60 D50 D30 | DIS DID cc | Cu

-NA NA 0.251 0.187 0.167 0.124 10.0580 0.0062 13.26 30.0

MATERIAL DESCRIPTION USCS AASHTO

* RED SAND. TR SILT & CLAY SC A-2-4

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 104

i Location: HOBBS. NEW MEXICO
DEPTH: 4.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 1
…__ _ _ _ _ _ _ _ _ _ _ _-__ _ _ _--_ _ _ _ _ _ _ _ __…-- .

Date: 12-18-97
Project NO.: 95042.10
Project: LEA COUNTY LANDFILL

_ _ _ _ _ _ - - - - - - - - - - - - -- - - - - - - - - - - - ---- -- _ _ _ _ _ _ _ _ _-

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SAND, TR SILT & CLAY
USCS Class: SC Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA

Notes

Remarks: BORING: 104 DEPTH: 4.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 160.90
Tare = 0.00
Dry sample weight = 160.90
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
e for cumulative weight retained= 0

sieve Cumul. Wt. Percent
retained finer

# 10 0.00 100.0
# 20 0.10 99.8
# 40 0.70 98.6
# 60 7.70 84.6
X 100 29.50 41.0
# 200 41.10 17.8

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.68
Specific gravity correction factor= 0.993



Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp, Actual
deg C reading
23.0 9.5
23.0 9.0
23.0 9.0
23.0 8.5
23.0 8.5
23.0 8.0
23.5 8.0
23.5 8.0
24.0 7.5
24.0 7.5
24.0 7.0
24.0 7.0

Corrected
reading
6.7
6.2
6.2
5.7
5.7
5.2
5.3
5.3
5.0
5.0
4.5
4.5

K

0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0129
0.0129
0.0129
0.0129

RM Eff.
depth

10.5 14.6
10.0 14.7
10.0 14.7
9.5 14.7
9.5 14.7
9.0 14.8
9.0 14.8;
9.0 14.8
8.5 14.9
8.5 14.9
8.0 15.0
8.0 15.0

Diameter
Um
0.0498
0.0353
0.0288
0.0250
0.0177
0.0125
0.0091
0.0064
0.0044
0.0027
0.0013
0.0009

Percent
finer
13.2
12.2
12.-
11
11.3
10.3
10.5
10.5
9.8
9.8
8.8
8.8

Fractional Components
…__ _ _ _ _ _ _ _ _ _-__ _ _-_ _-_-_ _-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 a GRAVEL = 0.0 a SAND = 82.2
% SILT =. 8.4 % CLAY = 9.4 (% CLAY COLLOIDS = 8.8)

D85= 0.25 D60= 0.187 D50= 0.167
D30= 0.1240 D15= 0.05801 D10= 0.00622
Cc = 13.2587 Cu = 30.0262
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_Testl7. +3"- % GRAVEL % SAND % SILT _ CLAY
* 1 0.0 0.0 1 6.0 46.3 J 47.7

_LL P D85  D6 0  D5 0 I D30 D15  D10 cc Cu
* NA NA 0.0022 0.0010 _ _

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 104

* Locotion: HOBBS. NEW MEXICO
DEPTH: 60.0O

Date: 12-10-97

GRAIN SIZE DISTRIBUT ION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

_ _ _ __- ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 104 DEPTH: 60.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 447.00
Tare = 0.00
Dry sample weight = 447.00
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0-

e for cumulative weight retained= 0
-..ieve Cumul. wt. Percent

retained finer
# 10 0.00 100.0
# 20 1.00 98.0
# 40 1.50 97.0
# 60 1.80 96.4
# 100 2.20 95.6
# 200 3.00 94.0

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989



0

Elapsed
time, min

1.0
2.0
3.0
4 .0
8.0

16.0
30.0
60.0

125.0
330.0
1410.0
2850.0

Temp,
deg C
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
22.0
22.0
23.0

Actual
reading
50.0
49.0
47.5
47.0
46.0
45.0
43.0
41.0
36.5
31.0
21.0
17.5

Corrected
reading
46.2
45.2
43.7
43.2
42.2
41.2
39.2
37.2
32.7
26.9
16.9
13.7

K

0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0131
0.0131
0. 0130

Rm Eff.
depth

51.0 7.9
50.0 8.1
48.5 8.3
48.0 8.4
47.0 8.6
46.0 8.8
44.0 9.1
42.0 9.4
37.5 10.1
32.0 11.0
22.0 12.7
18.5 13.3

Diameter
MMn
0.0365
0.0261
0.0216
0.0188
0.0134
0.0096
0.0071
0.0051
0.0037
0.0024
0.0012
0.0009

Percent
finer
91.3
89.3
86.4
85.4
83.4
81.4
77.5
73.5
64.6
53.2
33.4
27.0

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 a; GRAVEL =
%t SILT = 46.3 % CLAY 47.7

0.0 a SAND = 6.0
(% CLAY COLLOIDS = 29.1)

D85= 0.02 D60=
D30= 0.0010

0.003 D50= 0. 002

-



PERMEABI LI
TEST DATA:
Specimen Height (cm): 6.32
Specimen Diameter (cm): 6.39
Dry Unit Weight (pcf): 114.9
Moisture Before Test (%): 10.5
Moisture After Test (1): 17.5
Run Number: a
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Bock Pressure(psi): 17.2
Diff. Head (psi): 9.8
Flow Rote (cc/sec):22.7 x 10^-4

Perm. (cm/sec): 5.79x 1O--

TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 104

DEPTH: 60.0'
Visuol Dcscription: RED SILTY CLAY,

TR SAND
Remarks:

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (.):

Percent Compaction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000
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90
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS, NEW MEXICO File No.: 95042.10

Date: 12-8-97 Lob No.: 4

PERMEABILITY TEST REPORT Tested by: JWU
Checked by: WSG

EAVER BOOS CONSULTANTS INC. Test: CH - Constant head



PERMEABILITY TEST DATA

PROJECT DATA

'P-oj ect Name:
e No.:
oject Location:

Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 104
DEPTH: 60.0'
4
RED SILTY CLAY,
TR SAND
CORE

12-8-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

D.ameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.515 in
in

2.52 in

1
2.488 in
2.49 in

2
in
in
in

6.39 cm

2
in

6.32 cm

I
in

2.506 in
in

2.51 in

I
in 2.498 in

2.50 in

2
in
in
in

6.37 cm

2
in

6.34 cm

3 3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.70
411.90
372.70

0.00
10.5 t

114.9 pcf.
0.3185
60.8 a

438.00
372.70

0.00
17.5 t
115.2 pcf
0.3163
102.2 V

'E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 1



Cell No.: 4 Panel No. : Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 DC

0.0 psi
0.0 psi

1.00
1.00
0.0 °C

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/12/97
12/12/97
12/13/97
12/14/97
12/15/97
12/15/97
12/15/97
12/16/97

13:19:00
16:55:00
11:46:00
15:33:00
6:32:00

12:12:00
16:36:00
6:29:00

0
12,960
80, 820

180, 840
234, 780
255, 180
271, 020
321, 000

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

5.80
9.50

26.50
50.90
63.40
68.10
72.00
84.00

84r. 60
81.00
64.80
41.20
29.20
24.40
20.80
9.00

0.00
3.65

20.25
44.25
56.50
61.25
65.00
76.90

t Pressure = 27.0 psi Differential Read =
CYadient = 1.086E 02 Flow rate = 2.370E-04
Permeability, K27.00 = 6.810E-08 cm/sec, K20°

9.8 psi, 686.2 cm H20
cc/sec R squared = 0.999g
= 5.791E-08 cm/sec

S E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET '
.== = = = = = = = = = = == = = = = = = = = = = == = = = = = = = = = = =



GRAIN SIZE DISTRIBUTION- TEST REPORT
C C C
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200 100 10.0 ' 1.0 0. 1
GRAIN SIZE - mm

_ _ _ ,

.0 :0 I r_ .0 -c

ITest% +3"1 X GRAVEL I % SAND ISILT I CLAY
0 5 1 0.0 0.6 87.2 I 12.2

LL P D85 D60 D50 D3 D5 DIo j cc j Cu
||NA |NA |0.279 |0.197 0.176 0.13a 0 -0869|||

MATERIAL DESCRIPTION | USCS J AASHTO

* GRAYISH BRN F/C SAND.LITTLE SILT.TR FINE GRAVEL SM A-2-4

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: B-105

L* ocation: HOBBS. NEW MEXICO
s-9

Dote: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER .BOOS CONSULTANTS, JNC. Figure No.



_ _ _ _ _ _ _ _ _ _ _- - - - - - - - - - - - - - - - - - - - - - - - ----- ,- _ _ _ _ _ _ __-

Date: 1-30-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: GRAYISH BRN F/C SAND,LITTLE SILTTR FINE GRAVEL
USCS Class: SM Liquid limit.: NA
AASHTO Class: A-2-4 Plasticity index: NA

Notes

Remarks: BORING: B-105 S-9

Fig. No.:.-.

Mechanical Analysis Data

Initial
Dry sample and tare= 105.70
Tare = 0.00
Dry sample weight = 105.70
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent.
retained finer-

0.375 inches 0.00 100.0
4 0.60 99.4

i 10 2.60 -97.5
# 20 . 4.20 96.0
# 40 6.50 93 9
* 60 22.20 79.0
* 100 66.70 36.9
* 200 92.80 12.2

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines~based on #200 sieve
%+ 3 in.---= 0.0 GRAVEL= 0.6 aSAND= 87.2
% FINES = 12.2

D85= 0-23 D60= 0.197 D50= 0-176
D30= 0.1346 D15= 0.08690



GRAI1N SSIZE DIlSTRIIBUTION TEST REPORT
e
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200 100 10.0 1 .0 0.1 O.01
GRAIN SIZE - mnm

I . K,,,�.40 .-O(

Test %4 +3" GRAVEL Z SAND X SILT %CLAY
0.0 48.8 42.6 8.6

| L |Pi D85 |D6D D50 D3 | D1 | DO| Cc | c

NA| NA 10.6 5.90 4.58 L _95 0O186 0.102 6.31 T57_5
L 1D 5D o0 03 0 D _ _ _ _ _ _ _ _

MATERIAL DESCRIPTION - SCS AASHTO

* ROSE & WH I TE F/C GRAVEL & SAND. TR SILT GP-GM- A-I-a

Project No.: 95042.10 Remorks:

Project: LEA COUNTY LANDFILL BORING: B-105
* Location: HOBBS. NEW MEXICO

S-38

Date: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, . .NC. Figure No.
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Date: 1-30-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: ROSE & WHITE F/C GRAVEL & SAND, TR SILT
USCS Class: GP-GM Liquid limit: I-A
AASHTO Class: A-1-a Plasticity index: NA

Notes

Remarks: BORING: B-105 S-38

Fig. No.:

Mechanical Analysis Data
…_______ ______…__- -_- - - -______

Initial
Dry sample and tare= 229.10
Tare = 0.00
Dry sample weight 229.10
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

1 inches 0.00 100.4
.75 inches 9.50 95.9

-J .5 inches 21.20 -90.7
0.375 inches 43.70 80.9
* 4 111.70 51.2
* 10 159.70 30.3
* 20 172.40 24.7
* 40 1.79.30 21.7
* 60 187.30 18.2
* 100 200.20 12.6
* 200 209.30 8.6

Fractional Components

Gravel/Sand -based on 44 sieve
Sand/Fines based on #200 sieve
'a + 3 in. = 0-0 -GRAVEL = 43.8 I SAND = 42.6
a FINES = 8.6

D85= 10.56 D60= 5.895 D50= -4.576
D30= 1.9521 D15= 0.18642 D1O= 0.10245
Cc = 6.3096 Cu = 57.5440



GAIN.-S1ZE D I STRJBUT1OD TEST RPORT-
C .C
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200 100 10.0 1.0 0.1 -0.01 O.C
GRAIN SIZE - mm

JTest % +3". % GRAVEL | X SAND % SILT % CLAY
.1 4 0.0 32.9 60.6 i6.5

LL PI D85 D60 | _D50 | D___ | D15 DI | cc_ | Cu

*| NA NA 7.00 4.12 |3.23 | 1.16 0.178 . 0.1.26 2.60 32.v

MATERIAL DESCRIPTION USCS AASHTO

* ROSE & WHITE F/C SAND. SOME F/U GRAVEL. TR SILT SW-Su A-l-a

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: B-105

| Location: HOBBS. NEW MEXICO
S-39

Date: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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Date: 1-30-98
Project No-: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: ROSE & WHITE F/C SAND, SOME F/M GRAVEL, TR SILT
USCS Class: SW-SM Liquid limit: NA
AASHTO Class: A-i-a Plasticity index: NA

___--------_-___________.
Notes

…__ _ _ _ _ _ _ _ _ _ _-_ _-_-_-_-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.
Remarks: BORING: B-105 S-39

Fig. No.:
___----______ -____ - __-_-___-_-_-__-___-_-_________________.

Mechanical Analysis Data
…____ -…_ -… _-- - -_--- - - - - - -- - - - - - -- - - -_________.

Initial
Dry sample and tare= 192.90
Tare = 0.00
Dry sample weight = 192.90
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent.
retained finer.

-0.5 inches 0.00 1.00 0
.375 inches 1.40 99.3

* 4 63.50 67.1
# 10 122.20 36.7
# 20 2138.40 28.3
# 40 144.00 25.3
# 60 153.00 20.7
# 100 169.60 12.1
# 200 180.40 6.5

Fractional Components.

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
% + 3 in. = 0.0 GRAVEL = 32_9 a SAND - 60.6
% FINES = 6.5.

D85= 7.00 D60= 4.116 D50= 3.232
D30= 1.1601 D15= 0.17762 D1O= 0.12575
Cc = 2.6002 Cu = 32.7341



GRAIN SIZE DISTRIBUTION TEST REPORT
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200 100 10.0 1 .0
GRAIN

0.1
SIZE - mm

0.01 0.0

Test|% +3" % GRAVEL % 7SAND C %S1LT jCLAY
0.0 0.0 1.6 45.8 52.6

LL PI D85 D60 D50 D30 D15 | 10 CC Cu

NA NA 0.0018 10.0009 1 I

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 108

i Location: HOBBS. NEW MEXICO
DEPTH: 60.0'

Date: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.

:.
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Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

_-_================5============_================-======================5 =

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 108 DEPTH: 60.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 293.70
Tare = 0.00
Dry sample weight = 293.70
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0

a for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
X 10 0.00 100.0
# 20 0.10 99.8
# 40 0.20 99.6
4 60 0.30 99.4
4 100 0.40 99.2
4 200 0.80 98.4

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.72
Specific gravity correction factor= 0.985



C >-' .
Elapsed
time, min

1.0
2.0

{-. 3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp,
deg C
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
22.0
22.0
23.0

Actual
reading
52.5
52.0
51.5
51.0
50.5
50.0
49.5
45.0
40.0
33.5
23.0
19.0

Corrected
reading
48.7
48.2
47.7
47.2
46.7
46.2
45.7
41.2
36.2
29.4
18.9
15.2

K

0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0130
0.0130
0.0129

Rm Eff.
depth

53.5 7.5
53.0 7.6
52.5 7.7
52.0 7.8
51.5 7.8
51.0 7.9
50.5 8.0
46.0 8.8
41.0 9.6
34.5 10.6
24.0 12.4
20.0 13.0

Diameter
mm
0.0353
0.0251
0.0206
0.0180
0.0128
0.0091
0.0067
0.0049
0.0036
0.0023
0.0012
0.0009

Percent
finer
95.8
94.8
93.9
92.9
91.9
90.9
89.9
81.1
71.2
57.9
37.2
29.9

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
* + 3 in. = 0.0 'i GRAVEL = 0.0 - SAND = 1.6
t SILT - 45.8 a CLAY = 52.6 (% CLAY COLLOIDS = 32.7)

D85= 0.01 D60=
D30= 0.0009

0.002 D50= 0.002

(2



PERMEABI
TEST DATA:
Specimen Height (cm): 6.97
Specimen Diameter (cm): 6.10
Dry Unit Weight (pcf): 137.7
Moisture Before Test (%): 4.7
Moisture After Test (%): 9.0
Run Number: 1 *
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Bock Pressure(psi): 16.1
Diff. Head (psi): 10.9
Flow Rate (cc/sec): 5.52 x 10--S
Perm. (cm/sec): 1.s X i0--S

LI TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 108

DEPTH: 60.0
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compact i.on:

Permeameter type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000

0

0

>

Id

2

>-J
0

0
-J

U
0

FE
U

-
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I I I
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i
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0 30 60 90
HYDRAULIC GRADIENT - dH/L (cm/cm)

120

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-8-97 Lob No.: 2

|Tested by: JWU
PERMEABILITY TEST REPORT Cecked by: JWG

Checked by: OCSG
VEAVER BOOS CONSULTANTS , I NC. ITC-t: CH - Constont heod



PER1M RABILnTTY TEST DATA

PROJECT DATA

P-oject Name:
e No.:

.oject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 108
DEPTH: 60.0'
2
RED SILTY CLAY,
TR SAND
CORE

12- 8-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

PERMEABILITY THST SPECIMEN DATA

f

i. ;;
Before test:

.-ameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.403 in
in

2.40 in

1
2.745 in
2.75 in

2
in
in
in

6.10 cm

I
ir

2.401 ir
in

2.40 in

After test:

2
1 in
I in
I in

6.10 cm

2
1 in

7.08 cm

2
in

6.97 cm

3 I
in 2.786 ii

2.79 in

3
i

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.72
471.10
450.10

0.00
4.7 %

137.7 pcf
0.1889
54.5 %

490.70
450.10

0.00
9.0 %

135.9 pcf
0.1995
98.5 %

'E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 2



Cell No.: 2 Panel No. : Positions:

Run Number: I 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

______________________PE_______ITTESTR___INSDT---_______________________
PERMEABILITY TEST READINGS DATA -

CASE
DX
S R

DATE TIME ELAPSED
(24 hi) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 121i2/97
12/12/97
12/13/97
12/14/97
12/15/97
12/15/97
12/15/97
12/16/97

13:18:00
16:54:00
11:45:00
13:32:00
6:31:00

12:11:00
16:35:00
6:28:00

0
12,960
80, 820

173,640
234,780
255, 180
271, 020
321, 000

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

6.00
7.00
11.60
17.70
20.70
21.80
22.60
25.40

86.20
85.20
80.80
75.30
72.20
71.10
70.30
67.40

0.00
1.00
5.50

11.30
14.35
15.45
16.25
19.10

- -t Pressure = 27.0 psi Differential Head =
.dient = 1.100E 02 Flow rate = 5.821E-05

Permeability, K27.00 = 1.808E-08 cm/sec, K20 0

10.9 psi, 767.3 cm R20
cc/sec R squared = 0.9977
= 1.537E-08 cm/sec

POSE 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 2



MOISTURE-DENSITY RELATIONSHIP TEST

113

112

U

C

L.

0

111

110
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108

II-1I - - I a

u: I~ 7i1 wr "iT' I I H 1 I I T -Ii . 72L I - -|1 - 1 1 1 1 1
X ~ .…- -f -LI _-I S . .

0 5 10 15

Water content.

698-91 Procedure A,

20

7.
Standard

25 30

Test specification: ASTM D

No.4 No.2

0.0 X 98.

TEST RESULTS MATERIAL DESCRIPTIor

Maximum dry density = 111.9 pcf RED SILTY CLAY.

Optimum moisture = 9.5 % TR SAND

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 108

Location: HOBBS. NEW MEXICO DEPTH: 60.0

Dote: 12-16-97

MOISTURE-DENSITY RELATIONSHIP TEST

WEAVER BOOS CONSULTANTS, INC Fig. No.
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PRO;BC DATA

P-te:
ject no.:

Project:
Location 1:
2:
Remarks 1:
2:
3:
Material 1:
description 2:
Elevation or depth:
Fig no:

12-16-97
95042.10
LEA COUNTY LANDFILL
HOBBS, NEW MEXICO

BORING: 108
DEPTH: 60.0'

RED SILTY CLAY,
TR SAND

SPECIMEN DATA

USCS classification: CL X
Natural moisture: S]
Percent retained on No.4 sieve: 0.0
Percent passing No. 200 sieve: 98.4
Liquid limit: Plastic limit:

kSHTO classification:*
pecific gravity: 2.72

Plasticity index:

_ _ _ _ _ _ _ _ _ _ - - - - --_ _- -_- -_ _- -_- -__ _- -_ __-- -_ _ _ _ _ _ _ _ _ _ _ _ _ __-- - - -

TEST DATA AND RESULTS

Tvne of test: Standard, ASTM D 698-91 Procedure A

Max dry den= 111.9 pcf-
Opt moisture= 9.5 ak

===================WEAVER BOOS CONSULTANTS, INC. ============



GRAIN SIZE DISTRIBUTION TEST REPORT
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10.0 1.0 0.1 0.01 0.0
GRAIN SIZE - mm

__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ f _ _ _ _ _
_Test 7 +3" % GRAVEL ! 7 SAND % SILT ! CLAY

* 3 0.0 0.0 2.8 53.8 43.4

_ Ii

LL Pi DB5  D6 0  _D50 D3 0  D15 D10  cc cu

_ NA NA L _0.00 3 1 0.0011 : I _ ___

_ __ 1 - - I _ _____ __ __ _

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:
Project: LEA COUNTY LANDFILL BORING: 109
* Locotion: HOBBS. NEW MEXICO

DEPTH: 80.0'

Date: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



-- - - - - - - - - - - - - - - - - - - - - - ------------- - - - - - - - - - - - - - - - - - - - -

Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 109 DEPTH: 80.0'

Fig. No.:
___--------_-___________

Mechanical Analysis Data

Initial
Dry sample and tare= 336.20
Tare = 0.00
Dry sample weight = 336.20
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
e for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

# 10 0.00 100.0
# 20 0.20 99.6
* 40 0.40 99.2
* 60 0.70 98.6
# 100 1.00 98.0
# 200 1.40 97.2

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.67
Specific gravity correction factor= 0.995



Elapsed
time, min

1.0
2.0

r -- .3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2B50.0

Temp, Actual
deg C reading
23.0 51.0
23.0 48.5
23.0 47.0
23.0 46.0
23.0 44.0
23.0 41.0
23.0 38.0
23.0 35.0
23.0 31.0
22.0 27.5
22.0 21.0
23.0 15.5

Corrected
reading
47.2
44.7
43.2
42.2
40.2
37.2
34.2
31.2
27.2
23.4
16.9
11.7

K Rm Eff.
depth

0.0131 52.0 7.8
0.0131 49.5 8.2
0.0131 48.0 8.4
0.0131 47.0 8.6
0.0131 45.0 8.9
0.0131 42.0 9.4
0.0131 39.0 9.9
0.0131 36.0 10.4
0.0131 32.0 11.0
0.0132 28.5 11.6
0.0132 22.0 12.7
0.0131 16.5 13-.6

Diameter
mm
0.0364
0.0264
0.0219
0 .0192
0.0138
0.0100
0.0075
0.0054
0.0039
0.0025
0.0013
0.0009

Percent
finer
93.9
88.9
85.9
83.9
80.0
74.0
68.0
62.0
54.1
46.6
33.7
23.2

Fractional Components

Gravel/Sand based on #4-sieve
Sand/Fines based on #200 sieve

.-+ 3 in. = 0.0 * GRAVEL = 0.0 % SAND = 2.8
t SILT = 53.8 * CLAY = 43.4 (t CLAY COLLOIDS = 26.7)

D85= 0.02 D60=
D30= 0.0011

0.005 D50= 0.003

A



TEST DATA:
Specimen Height
Specimen Diamett
Dry Unit Weight
Moisture Before
Moisture After 1

PERMEAB I L I TY TEST REPORT
SAMPLE DATA:

(cm): 5.72 Sample Identification: BORING: 109
-r (cm): 6.43 DEPTH: 80.0-
(pcf): 107.3 Visual Description: RED SILTY CLAY.
Test (%): 12.3 TR SAND
rest (%): 21.8 Remarks:

Run Number: 1 S

Cell Pressure (psi): 30.0
Test Pressure(psi): 25.0
Back Pressure(psi): 20.3
Diff. Heod (psi): 4.7
Flow Rote (cc/sec):1.59 x 1o-4
Perm. (cm/sec): 7.25 x0-3

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (7):

Percent Compaction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-3-97 Lob No.: 1

PERMEABILITY TEST REPORT Tested by: JWU
Checked by: WSG

iEAVER BOOS CONSULTANTS, I NC. Test: CH - Constant head



PERMEABILITY TEST DATA
…======== = =========

PROJECT DATA

(P-oject Name:
-i e No.:

3ject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 109
DEPTH: 80.0'
1
RED SILTY CLAY,
TR SAND
CORE

12-3-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

A1 1.. Before test: After test:

-Lameter:
Too:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.531 in
in

2.53 in

1
2.253 in
2.25 in

2
in
in
in

6. 43 cm

1
in

2.508 in
in

2.51 in

2
in
in
in

6.37 cm

2
in

5.84 cm

2
in

5.72 cm

3 1
in 2.301 in

2.30 in

3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.67
358.70
319.40

0.00
12.3 ak

107.3 pcf
0.3560
59.4 a

389.00
319.40

0.00
21.8 t
107.0 pcf
0.3578
104.4 %

E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 3
.== = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = =
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Cell No.: 1 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 0 C

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/ 6/97
12/ 7/97
12/ 8/97
12/ 8/97
12/ 8/97
12/ 9/97
12/ 9/97
12/ 9/97
12/10/97
12/10/97
12/10/97
12/11/97
12/11/97

14:51:00
11:10:00
6:50:00

10:34:00
17:08:00
7:15:00
12:39:00
17:48:00
7:25:00

13:25:00
17:01:00
7:32:00
12:37:00

0
73,140
143,940
157,380
181,020
231,840
251,280
269, 820
318, 840
340,440
353,400
405, 660
423,960

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

12.00
26.30
38.80
41.20
45.10
53.40
56.70
59.70
67.30
70.60
72.60
80.50

-83.20

81.40
68.70
56.60
54.40
50.50
42.20
39.20
36.40
28.80
25.60
23.60
16.00
13.40

0.00
13.50
25.80
28.10
32.00
40.30
43.45
46.35
53.9
57.'
59.
66.95
69.60

Test Pressure = 25.0 psi Differential Head = 4.7 psi, 328.8 cm H20
Gradient = 5.746E 01 Flow rate = 1.590E-04 cc/sec R squared = 0.99911
Permeability, K27.00 = 8.523E-08 cm/sec, K200 = 7.247E-08 cm/sec

I -E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET -
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MATERIAL DESCRIPTION USCS 4AASHTO

*RED SILTY CLAY. LITTLE SAND CL A-4

Project.No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 110

* Locotion: HOB8BS. NEW MEXICO
DEPTH: 90.0'

Dote: 12-23-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No._ _
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Date: 12-23-97
.Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
___-----____ -__________________________-_-___________.
Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, LITTLE SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: A-4 Plasticity index: NA

Notes

Remarks: BORING: 110 DEPTH: 90.0'

Fig. No.:
_____________________________________________________________________________-

Mechanical Analysis Data

Initial
Dry sample and tare= 427.40
Tare = 0.00
Dry sample weight = 427.40
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare = 0 Sample weight 50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
Sieve Cumul. wt. Percent

retained finer
0.375 inches 0.00 100.0
#-4 1.80 99.6
# 10 1.80 99.6
4 20 1.80 96.0
# 40 2.50 94.6
4 60 3.00 93.6
4 100 3.40 92.8
# 200 5.00 89.6

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.6
Weight of hydrometer sample: 50
Calculated biased weight= 50.21
Automatic temperature correction

Composite correction at 20 deg C =-4

Meniscus correction only= 1



Specific gravity correction factor= 0.980
Hydrometer type: 152H Effective depth L= 16.294964 -, 0.164 x Rm

Elapsed
time, min

, '' 1.0
2.0

5 3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp,
deg C
22.5
22.5
22.5
22.5
22.5
22.5
22.5
22.5
22.5
23.0
23.0
23.0

Actual
reading
45.5
44.0
43.0
42.5
40.0
37.0
34.0
30.5
26.5
21.5
16.5
10.0

Corrected
reading
42.0
40.5
39.5
39.0
36.5
33.5
30.5
27.0
23.0
18.2
13.2
6.7

K

0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0128
0.0128
0.0128

Rm Eff.
depth

46.5 8.7
45.0 8.9
44.0 9.1
43.5 9.2
41.0 9.6
38.0 10.1
35.0 10.6
31.5 11.1
27.5 11.8
22.5 12.6
17.5 13.4
1.1.0 14.5

Diameter
mm
0.0379
0.0272
0.0224
0.0195
0.0141
0.0102
0.0076
0 .0055
0.0040
0.0025
0.0012
0.0009

Percent
finer
82.1
79.1
77.2
76.2
71.3
65.5
59.6
52.8
45.0
35.5
25.7
13.0

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
t + 3 in. = 0.0 % GRAVEL = 0.4 t SAND = 10.0
t SILT = 56.5 % CLAY = 33.1 (% CLAY COLLOIDS = 17.1)

D85= 0.05 D60= 0.008 D50= 0.005
D30= 0.0015 D15= 0.00095



PERMEAB
TEST DATA:
Specimen Height (cm): 7.10
Specimen Diameter (cm): 6.36
Dry Unit Weight (pcf): 103.0
Moisture Before Test (%): 13.8
Moisture After Test (%): 24.4
Run Number: 1 a
Cell Pressure (psi): 35.0
Test Pressure(psi): 27.0
Back Pressure(psi): 16.6
Oiff. Head (psi): 10.4
Flow Rate (cc/sec):.3a . lo--4

Perm. (cm/sec): 3.58 x0--8

ILITY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 110

DEPTH: 90.0'
Visual Description: RED SILTY CLAY. LI.

SAND
Remorks:

Maximum Dry Density (pcf):
Optimum Moisture Content (X):

2 A

Percent Compacti.on:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Dote: 12-18-97 Lob No.: 1

Tested by: JWU
PERMEABILITY TEST REPORT Tested by: WS

Checked by: WSG

EAVEIR BOOS CONSULTANTS, I NC. Test: CHI - Constant head



PERMEABILTTY TEST DATA

PROJECT DATA

-iject Name:
-e No.:

-.oject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 110
DEPTH: 90.0'
1
RED SILTY CLAY, LITTLE
SAND
CORE

12-18-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

-±ameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.502 in
in

2.50 in

1
2.795 in
2.80 in

2
in
in
in

6.36 cm

1
in

2.505 in
in

2.51 in

1
in 2.802 in

2.80 in

2
in
in
in

6.36 cm

2
in

7.12 cm

2
in

7.10 cm

3 3
ir

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.74
422.80
371.50

0.00
13.8 %
103.0 pcf

. 0.3979
57.3 %

462.00
371.50

0.00
24.4 S.

102.5 pcf
0.4009
99.8 a

'E 1 WEAVER BOOS CONSULTANTS, INC- DATA SET 7
> = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = =
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Cell No.: 1 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

35.0 psi
35.0 psi
1.00
1.00
27.0 0 C

0.0 psi
0. 0 psi

1.00
1.00

0.0 OC

PERI4EMILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12122/97
12/22/97
12/22/97
12/23/97
12/23/97
12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97

7:32:00
13:04:00
17:15:00
6:47:00

11:57:00
14:02:00
17:03:00
7:48:00

12:10:00
13:30:00
8:38:00

13:36:00
13:08:00

0
19, 920
34,980
83,700

102,300
109, 800
120, 660
173,760
189,480
194,280
349,560
367,440
452,160

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27 0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17 0
17.0
17.0
17.0
17.0
17-0

4.40
7.20
9.20

15.90
18.40
19.40
21.00
28 50
30.60
31.40
52.60
55.00
69.60

80.60
78.00
76.00
69.60
67.20
66.20
64.70
57.60
55.40
54 80
35.00
31.60
19-20

0.00
2.70
4.70

11.25
13.70
14.70
16.25
23.55
25.7r
26.4
46.i
49.80
63.30

Test Pressure = 27.0 psi Differential Head = 10.4 psi, 733.0 cm H20
Gradient = 1.033E 02 Flow rate = 1.380E-04 cc/sec R squared = 0.99924
Permeability, K27.0 0  4-213E-08 cm/sec, K200 = 3.582E-08 cm/sec

E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 7



GRA I N .S I ZE D ISTR I BUT I ON TEST REPORT
0-. C C
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GRAIN S IZ7F - mm
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-.. ... - 7 G _ S - r
JTestl%- 3-13 7. GRAVEL I X SAND I % SILT I % C LAY

* 5 0.0 0.0 ° 9.4 72.7 j 17.9

|LL P I D85 D6 0  D5 0  D3 0  D1 5  D10 Cc Cu

NA NA 0.0141 0.0047 0.0015 0.0010 0.86 27.2

MATERIAL DESCRIPTION USCS AASHTO
* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:
Project: LEA COUNTY LANDFILL BORING: 110
* Location: HOBBS. NEW MEXICO

DEPTH: 230.0'

Date: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. F;gure No.
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Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
_____________________________________--________________________________________

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 110 DEPTH: 230.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 335.30
Tare = 0.00
Dry sample weight = 335.30
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare = 0 Sample weight = 50
-Cumulative weight retained tare= 0

e for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 0.00 100.0
# 40 0.10 99.8
# 60 0.30 99.4
# 100 0.80 98.4
# 200 4.70 90.6

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4

Meniscus correction only= 1
Specific gravity of solids= 2.68
Specific gravity correction factor= 0.993



Eiapsed Temp, Acl
time, min deg C re4

1.0 23.0 37
2.0 23.0 34
3.0 23.0 33
4.0 23.0 32
8.0 23.0 29

16.0 23.0 26
30.0 23.0 24
60.0 23.0 21

125.0 23.0 17
330.0 23'.0 14

1410.0 23.5 10
2850.0 23.5 8

%A=J '-&A *A - J.....- w ..v -- .-.

tual
ading
.5
.5
.0
.0
.5
.0
.0
.0
.5
.0
.0
.0

Corrected
reading
34.2
31.2
29.7
28.7
26.2
22.7
20.7
17.7
14.2
10.7
6.8
4.8

K

0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130
0.0130

Rm Eff.
depth

38.5 10.0
35.5 10.5
34.0 10.7
33.0 10.9
30.5 11.3
27.0 11.9
25.0 12.2
22.0 12.7
18.5 13.3
15.0 13.8
11.0 14.5
9.0 l4.8

Diameter
nm
0.0412
0.0298
0.0246
0.0215
0.0155
0.0112
0.0083
0.0060
0.0042
0.0027
0.0013
0.0009

Percent
finer
67.9
61.9
58.9
56.9
52.0
45.0
41.1
35.1
28.1
21.2
13.5
9.5

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
t. + 3 in. = 0.0 % GRAVEL =
* SILT = 72.7 * CLAY = 17.9

0.0 k SAND = 9.4
(M CLAY COLLOIDS = 10.4)

D85=
D30=
Cc =

0.06 D60=
0.0047 D15=
0.8610 Cu =

0.026 D50= 0.014
0.00150 D10= 0.00097
27.2270

rf ;.



PERMEABILI
TEST DATA:
Specimen Height (cm): 4582
Specimen Diameter (cm): 6.17
Dry Unit Weight (pcf): 118.6
Moisture Before Test (%): 9.6
Moisture After Test (7.): 15.3
Run Number: 1 0

Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Bock Pressure(psi): 16.1
Diff. Head (psi): 10.9
Flow Rote (cc/sec):6.97 . 10-5

Perm. (cm/sec): 1.25 xIo--

TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 110

DEPTH: 230.0'
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

2 1
Maximum Dry Density (pcf):
Optimum Moisture Content (Z):

Percent Compaction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIUE - t (sec)
2000000 100000 300000 400000

0

6

12

18

24

30

1 x 10--7

a X 10--8

6 x 10--8

4 x 10--8

2 x 10--8

I x 10--9

I I.

_ __ Ii ��.���1�
I I I
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I

I-
0 40 80

HYDRAULIC GRADIENT
120

- dH/L (cm/cm)
160

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-12-97 Lab No.: 5

Tested by: JWU

PERMEABLITYChecked by: WSG

VEAVER BOOS CONSULTANTS, I NC. Test: CH - Constant head



PERMEABILITY TEST DATA
…======5== == -…================= ===5======-…======

PROJECT DATA

CN- P---)ject Name:
e No.:

.coject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 110
DEPTH: 230.0'
5
RED SILTY CLAY,
TR SAND
CORE

12-12-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

,iameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.431 in
in

2.43 in

1
1.899 in
1.90 in

2
in
in
in

6.17 cm

2
in

4.82 cm

1
in

2.456 in
in

2.46 in

1
in 1.873 in

1.87 in

2
in
in
in

6.24 cm

2
in

4.76 cm

3 3
it

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.68
300.50
274.30

0.00
9.6 "

118.6 pcf
* 0.2914

62.2 %

316.30
274.30

0.00
15.3 %t

117.8 pcf
0.2961
97.5 ;

E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 6



CONSTANT HEAD PERMEABIlITY TEST CONDITIONS DATA

Cell No.: 5 Panel No.: Positions:
I

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 °C

0.0 psi
0.0 psi

1.00
1.00
0.0 'C

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12715/97
12/15/97
12/15/97
12/16/97
12/16/97
12/16/97
12/17/97
12/17/97
12/17/97
12/18/97
12/18/97
12/19/97
12/19/97

8:26:00
12:13:00
16:37:00
6:30:00

12:45:00
16:27:00
6:39:00

12:34:00
16:47:00
6:43:00

15:09:00
7:41:00

12:54:00

0
13,620
29, 460
79,440

101, 940
115,260
166,380
187, 680
202, 860
253,020
283,380
342, 900
361, 680

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

4.10
5.30
6.50

10.30
12.00
13.00
16.60
18.10
19.20
22.60
24.60
29.00
30.30

84.70
83.70
82.60
79.10
77.60
76.70
73.20
71.80
70.80
67.40
65.40
61.20
59.90

0.00
1.10
2.25
5.90
7.50..
8.45

12.00
13.45
14.5r
17.9'
19.5
24.20
25.50

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.588E 02 Flow rate = 6.970E-05
Permeability, K27.00 = 1.466E-08 cm/sec, K200

10.9 psi, 765.7 cm H20
cc/sec R squared = 0.99986
= 1.247E-08 cm/sec

V 'E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET '
…



GRAIN SIZE DISTRIBUTION TEST REPORT
C C 1 C

CC
0 d
-.:. - 4 .

o 0 a 0
_ _ _ 0

° 8

100

90

80

70

_ 60
Li

z 50
Li0

L 400-

30

20

10

---111II _:: _

_ TT1001 [1-XI III

,

I I1o 0 ... .1 I
200 100 10.0 1 .0

GRAIN SIZF - mm
0.01 O1~.c

|Testi% +3"1 % GRAVEL I 7. SAND_ % SILT [ CLAY

0.0 1.1 I 24.4 59.6 14.9

LL |P D85 D60 D50 D30 D15 DO | Cc cu

| NA | NA |0.170 |0.0357 0.0090 10.0020

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. SOME SAND. TR FINE GRAVEL CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 110

l Locotion: HOBBS. NEW MEXICO

DEPTH: 350.0'

Dote: 12-15-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: b

Date: 12-15-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, SOME SAND, TR FINE GRAVEL
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA
-_------------------------------------------------------rV------~-----------------

Notes

Remarks: BORING: 110 DEPTH: 350.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 444.50
Tare - 0.00
Dry sample weight = 444.50
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
e for cumulative weight retained= 0

-sieve Cumul. wt. Percent
retained finer

0.375 inches 0.00 100.0
4 4 5.00 98.9
4 10 5.20 98.8
4 20 1.10 96.7
4 40 2.10 94.7
4 60 4.20 90.5
X 100 .7.90 83.2
4 200 12.30 74.5

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 98.8
Weight of hydrometer sample: 50
Calculated biased weight= 50.59
Automatic temperature correction
Composite correction at 20 deg C =-4

Meniscus correction only= 1



Specific gravity correction factor. 0.970
Hydrometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
{ time, min

r1 5. 1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp,
deg C
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.5
23.0
23.0
23.5

Actual-
reading
32.0
27.5
26.0
24.0
22.0
20.0
18.5
16.0
14.0
12.0
10.0
9.0

Corrected
reading
28.7
24.2
22.7
20.7
18.7
16.7
15.2
12.7
10.8
8.7
6.7
5.8

0.0126
0.0126
0.0126
0.0126
0.0126
0.0126
0.0126
0.0126
0.0126
0.0126
0.0126
0.0126

Rm Eff.
depth

33.0 10.9
28.5 11.6
27.0 11.9
25.0 12.2
23.0 12.5
21.0 12.9
19.5 13.1
17.0 13.5
15.0 13.8
13.0 14.2
11.0 14.5
10.0 14.7

Diameter
mm
0.0417
0.0304
0.0251
0.0221
0.0158
0.0113
0.0083
0.0060
0.0042
0.0026
0.0013
0.0009

Percent
finer
55.0
46.4
43.5
39.6
35.8
32.0
29.1
24.3 -
20.7
16.6
12.8
11.1

Fractional Components

Gravel/Sand based on I4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 'a GRAVEL = 1.2 t SAND = 24.4
t SILT = 59.6 a CLAY = 14.9 (a CLAY COLLOIDS = 11.6)

D85= 0.17 D60= 0.048 D50=
D30= 0.0090 D15= 0.00203

0.036

I



PERMEAB I LI
TEST DATA:
Specimen Height (cm): 5.93
Specimen Diameter (cm): 6.15
Dry Unit Weight (pcf): 106.8
Moisture Before Test (%): 13.4
Moisture After Test (%): 21.9
Run Number: 1 *
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Back Pressure(psi): 16.3
Diff. Head (psi): 10.7
Flow Rate (cc/sec):i.o7w l0o-4

Perm. (cm/sec): 2.41 x 10.-

TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 110

DEPTH: 350.0'
Visual Description: RED SILTY CLAY. SOh_

SAND. TR FINE GRAVEL
Remarks:

Maximum Dry Density (pcf):
Optimum Uoisture Content (X):

2

Percent Compoction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

0 100000
TIME - t (sec)

200000 300000 400000
0

0
o
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_J
0
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o
e
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Y
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I-.-

_J
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c:1
W
0.
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24

30

I x 10--7

8 x 10--8

6 x 10-8

4 x 10^--a

I __I I I I I I _ I _ I_ I
*1 > I I I

f tiw iv\ - … - _ _- ___

I- " - -_- _ i - _ __ _

I I _ I I I- _ _ _ I _ _ I - - -

I2 0 I I I
2 x 10--B

I X 10--a

0 35 70
HYDRAULIC GRADIENT

105
- dH/L (cm/cm)

140

Project: LEA COUNTY LANDFILL Project No-: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Dote: 12-11-97 Lob No.: 1

ITested by: JW1J
PERMEABILITY TEST REPORT Tested by: wS

Checked by: WSG
VEIAVER BOOS CONSULTANTS, INC. Test: CH - Constant head



PERMEABILITY TEST DATA
_= = = == = = == = = = =- = ==____== = - == = = = == = = == = === == ==

PROJECT DATA

C: ' oject Name:
e No.:

kPoject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 110
DEPTH: 350.0'
1
RED SILTY CLAY, SOME
SAND, TR FINE GRAVEL
CORE

12-11-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

________________________________________________T__________SPECI______N__DATA.
PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

. ±ameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.423 in
in

2.42 in

1
2.334 in
2.33 in

2
in
in
in

6.15 cm

2
in

5.93 cm

I
in

2.408 in
in

2.41 in

1
in 2.350 in

2.35 in

2
in
in
in

6.12 cm

2
in

5.97 cm

3 3
ir

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.79
342.00
301.60

0.00
13.4 %
106.8 pcf

- 0.3870
59.2 'i

367.50
301.60

0.00
21.9 %

107.4 pcf
0.3836
98.0 t

, -E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 4



CONSTANT HEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 1 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 'C

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/15/97
12/15/97
12/15/97
12/16/97
12/167/97
12/16/97
12/17/97
12/17/97
12/17/97
12/18/97
12/18/97

8:25:00
12:11:00
16:35:00
6:28:00

12:43:00
16:25:00
6:37:00

12:32:00
16:45:00
6:41:00

10:32:00

0
13,560
29,400
79,380

101,880
115,200
166,320
187, 620
202, 800
252,960
266, 820

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

5.50
7.50
9.50

15.40
18.00
19.50
25.00
27.20
28.80
34.00
35.40

83.60
81.90
80.10
74.40
72.00
70.60
65.30
63.10
61.60
56.50
55.10

0.00
1.85
3.75
9.55

12.05
13.50
18.90
21.10
22.6'
27.8(
29.;

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.274E 02 Flow rate = 1.075E-04
Permeability, K27.00 = 2.836E-08 cm/sec, K20 0

10.7 psi, 755.4 cm H20
cc/sec R squared = 0.99922
= 2.411E-08 cm/sec

- SE 2 WEAVER BOOS CONSULTANTS, INC. DATA SET i



GRAIN SI ZE DISTRIBUT-ION TEST REPORT

iC

ce

r Ci _. _

C CC

v
". 5 !

o 0 a 0
- . .100

90

80

70
I:

z
- 60
CL

z 50
W

a:
U 40
0.

30

20

10

If1 Iffil_ d_ f II

:.:: 0IW 1 X-1 1 I' If L L t
,n% *nr i n In I n ell I 0 1l .DD)

0
2 WVV.UU wv ._v _ . . .

GRA IN S 17E - msn r----" ---
iTestl% +3" 1 % GRAVEL I L SAND I % SILT I % CLAY

3 °.0 32.9 60.6 I6_5

LL --PI 085 D60 D5 0 D| r DI 5| | c | u
NA NA 7.00 4.12 | 3.23 1-16 0.178 0.1126 2.60 32.7

MATERIAL DESCRIPTION USCS AASHTO
* LIGHT PiNK COARSE SAND.SOME FINE GRAVEL.-TR SILT SW-SM- A-l-o

Project No.: 95042.10 Remarks:
Project: LEA COUNTY LANDFILL BORING: B-111
i Location: HOBBS. NEW MEXICO

S-35

Date: 1-30-98 ____ _

I3RAIN SIZE DISTRIBUTION 7EST REPORT

WEAVER BOOS CONSULTANTS. INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 3

Date: 1-30-98
Project No.: .95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: LIGHT PINK COARSE SAND,SOME FINE GRAVELTR SILT
USCS Class: SW-SM Liquid limit: NA
AASHTO Class: A-1-a Plasticity index: NA

_______________________________________________________.______________________

Notes
____________________________________-_________________________________________

Remarks: BORING: B-111 S-35

Fig. No..-

Mechanical Analysis Data _

Initial
Dry sample and tare= 192.90
Tare = 0.00
Dry sample weight = 192.90
Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percenit

retained finer-
0.5 inches 0.00 1DD0D
'.375 inches 1.40 99.3

4 4 63.50 67.1
X 10 122.20 36.7
# 20 138.40 28.3
* 40 144.00 25.3
# 60 153.00 20.7

A 100 169.60 12.1
# 200 180.40 6.5

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
I + 3 in-'-= D.D a GRAVEL = 32-9 a SAND = 60.6
E-FINES = 6.5

D85= 7.00 D60= 4.116 D50= 3.232
D30= 1.1601 D15= 0.17762 D1O= 0.12575
Cc = 2.6002 Cu = 32.7341



GRAIN S4ZE DISTRIBUT ION TEST REPORT

C;' C

i

i (1'4
C C C

- . 9
0 0 a 0

N . -
10 8

.9
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LL.

z 50
Li

Li 40
0.

:tI l _ I Mil 1j1 11:11 _-

X~~~~ -"I I I I H01 X0H X
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20
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111111 1I* 1
___________________________..�--..- . I-.--IOL

20 0 100 10.0 1 .0 0.1 0.01 0.0
GRAIN SIZE - mm

I

|estX +3" | %GRAVEL % SAND % SILT % CLAY
* 2 1 0.01 51.0 40.6 8.4

LL PI D85 D60 D50 0D30 D15 I 0 CC CU
NA NA 18.51 5.68 4.83 2.98 0.601 0.153 1 0 .2 2 37

MATERIAL DESCRIPTION USCS AASHT0

* ROSE & WHITE F/M GRAVEL & SAND. TR SILr GP-GM A-t-a

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: B-11
* Location: HOBBS. NEW MEXICO

S-39

Dote: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS. NC Figure No.



rA1N ±-oriv-r=rt DXAA - Test Nkr -. 2

Date: 1-30-98
Projectf-o.T: SEqB=.IU
Project: LEA COUNTY LANDFILL

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .-- - - -

Sample Data

Location oaf Sample: 7XOBBS, Zuw YUAILU
Sample Description.: ROSE & WHITE F/M GRAVEL & SAND, TR SILT
USCS Class: GP-GM Liquid limit: NA
AASHTO Class: A-1-a Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ __ - - - - - - - - - - - - - - - - - - - - - - -
Notes

…__ _ _ _ _ _ _ _ _ _-_-_-_ _-_ _ _ _ _ _ _ _ _ _ _ _ _
Remarks: BORING: B-ill S-39

Fig. No.:_

Mechanical Analysis- Data

Initial
Dry sample and tare= 212.70
Tare = °-00
Dry sample weight = 212.70
Tare for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer-
0.75 inches 0.00 l.0. 0
*.5 inches 6.80 96.8
J.375 inches 21.30 90.0
# 4 108.50 49.0
* 10 165.90 22-0
$ 20 178.80 15.9
*# 40 183.20 13..3
* 60 187.10 12.0

-* 100 .191.60 9_9
# 200 194.90 8.4

…__ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Fractional Components

…_______ .-_-_____________-__________- _ _ -_____________________________________
Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
1 + 3 in. = DO GRAVEL = 51 -D SAND = 40 6
% FINES = 8.4

D85= 8.51 D60= 5.682 D50= 4.831
D30= 2.9785 1M5= 0.60117 1I0=- 0.13216
Cc = 10.2212 Cu = 37.1963



GRA I N
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DISTRIBUTION TEST REPORT
CE

o a
_ _ C
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I.
10.0 1.0 0.1 0.01 0.0

GRAIN SIZE - -

ITest7. +3-1 %. GRAVEL I % SAND I % SILT I % CLAY

*112 0.0 0.0 1.4 60.9 37.7

| _LL |Pi D__5 _D60 D 050 | D3 0 D15 D0 _ _ Cc Cu

L NA NA 50.0038 0.0014 0.0010 0.0009 0.34 6.2

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY, TR SAND CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 111

* Location: HOBBS. NEW MEXICO
DEPTH: 80.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS INC. Figure No.



GRAIN SIZE DISTRIBUrUIM TEsr JJArA *resc no.: i
_______----_------__-_--____-__----_- _ _ _ _ _ _ _ _ _ _ _ _ _ ___ - -- - -- -- -- -- - -- -- -- --

Date: 12-18-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

____________----------- --- --- - ------- - -- -------------- -- -- ________-

Sample Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- _- _ - _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: ill DEPTH: 80.0'

Fig. No.:
________-_____________-_-____________-____________________________-___________

Mechanical Analysis Data

Initial
Dry sample and tare= 396.10
Tare = 0.00
Dry sample weight = 396.10
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare 2 0 Sample weight 50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
* 10 0.00 100.0
i 20 0.00 100.0
i 40 0.00 100.0
i 60 0.10 99.8
i 100 0.30 99,4
i 200 0.70 98.6

______________________________________________________________________________.

Hydrometer Analysis Data
______--___________________________________-___________________________________

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989



-

Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0
125.0
330.0

1410.0
2850.0

Temps
deg C
23.5
23.5
23.5
23.5
23.5
23.5
23.5
24.0
24.0
24.0
24.0
24.0

Actual
reading
49.5
47.0
45.0
44.0
43.0
39.0
36.0
32.0
28.0
23.0
16.0
7.0

Corrected
reading
46.8
44.3
42.3
41.3
40.3
36.3
33.3
29.5
25.5
20.5
13.5
4.5

0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0129
0.0128
0.0128
0.0128
0.0128
0.0128

Rm Eff.
depth

50.5 8.0
48.0 8.4
46.0 8.8
45.0 8.9
44.0 9.1
40.0 9.7
37.0 10.2
33.0 10.9
29.0 11.5
24.0 12.4
17.0 13.5
8.0 15.0

Diameter
MMn
0.0365
0.0264
0.0220
0.0192
0.0137
0.0100
0.0075
0.0055
0.0039
0.0025
0.0013
0.0009

Percent
finer
92.6
87.6
83.7
81.7
79.7
71.8
65.9
58.2
50.3
40.4
26.6
8.8

Fractional Components
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
t + 3 in. = 0.0 t GRAVEL =
t SILT = 60.9 t CLAY .= 37.7

0.0 % SAND= 1.4
(v CLAY COLLOIDS = 13.7)

D85=
D30=
Cc =

0.02 D60=
0.0014 D15=
0.3361 Cu =

0.006 D50=
0.00102 1
6.1589

0.004
D10= 0.00095



GRA I N S I ZE D I STR I BUT I ON TEST REPORT
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GRAIN SIZE - mm

JTest% Z % GRAVEL I _ SAND | % SILT % CLAY

*I13 ] 0.0 1 0.0 i.2 68.9 29.9

|LL Pi D85 |_D_0 D 050 D30 D151 DO Cc c

* NA NA _ _ 0.0041 0.0020 _ 1
MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 111

* Location: HOBBS. NEW MEXICO

DEPTH: 140.0'

Date: 12-18-97
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Lot #: D33160213

Case Narrativc

Enclosed is thc report for two samples received al STL's Denver laboratory on October 16, 2003. The
results included in this report have been reviewed for compliance with STL Denver's Laboratory Quality
Manual. The test results shown in this report meet all requirements of NELAC and any exceptions are
noted below.

Dilution factors and footnotes have been provided to assist in the interpretation of the results. Each
sample was analyzed to achieve the lowest possible reporting limit within the constraints of the method.
In some cases, due to interferences or analytes present at concentrations above the linear calibration
curve, samples were diluted. For diluted samples, the reporting limits are adjusted relative to the dilution
required.

STL utilizes USEPA approved methods in all analytical work. The samples presented in this report were
analyzed for the parameters listed on the analytical methods summary page in accordance with the
methods indicated. A summary of quality control parameters is provided below.

This report shall not be reproduced except in full, without the written approval of the laboratory.

Quality Control Summary for Lot D3JI60213

Sample Receiving

> The cooler temperatures upon receipt at the Denver laboratory were 2.7, 3.4, and 2.80 C.

I The Trip Blank was received but not listed on the chain of custody. It was logged for volatile
organic analysis.

> Triplicate volume was received for sample LES MW2. After discussion with the client, matrix QC
was selected for the sample for all parameters that apply.

)- Total and Fecal Coliform were collected a day later than all other parameters in order to allow
sufficient time to meet the holding time for these tests.

> All sample bottles were received in acceptable condition.

Holding Times

SE All holding times were met.

Method Blanks

TIbe analytes Methylene chloride Method 82608 and Aluminum and Copper Method 601 OB were
detected in the Method Blanks below the established reporting limits. No corrective action is taken
for any values in Method Blanks that are below the requested reporting limits. In addition the
sample result for Aluminum is greater than ten times the method blank value.

> All other Metho lBlanks were within established control limits.

Laboratory Control Samples

> The Laboratory Control Sample recovery for Aroclor 1260 by Method 8082 was above the upper
control limit. The associated sample result is still considered valid because no target analytes were
detected by Method 8082.



Lot #: D3J160213

> The Laboratory Control Sample (LCS) recoveries were below the lower control limits for Diazinon,
Ethyl parathion, Malathion, Methyl parathion, and Phorate by Method 8141A. The relative percent
differences for these analytes were also outside control limits. The surrogate recovery for
Chlormefos in the LCS was also outside control limits. The LCSD recoveries were in control and
the MSIMSD recoveries for sample LES MW2 and another sample in the QC batch were all in
control. This suggests that the method was in control and that there may have been problems with
the preparation of the LCS only.

> All other Laboratory Control Samples were within established control limits.

Matrix Spike (MS) and Matrix Spikc Duplicate (MSD)

> The Matrix Spike and Matrix Spike Duplicate recoveries were outside control limits for Fluoride
Method 300.OA on sample LES MW2. Because the corresponding Laboratory Control Sample and
the Method Blank sample were within control limits, these anomalies may be due to matrix
interference.

> Due to the result concentration exceeding the calibration range the MS/MSD results for Sulfate on
sample LES MW2 are estimated.

> All other MS and MSD samples were within established control limits.

Organics

)> The Continuing Calibration Verification (CCV) standards for 4,4'-DDD, Endosulfan II, Hepatchlor,
Endrin aldehyde, and Endrin by Method 8081A exceeded the percent difference limits. However,
the overall mean percent difference is within control limits, therefore, the CCV is also in control and
no corrective action was necessary.

> The Continuing Calibration Verification (CCV) standards for TEPT, Demeton-S, Dimethoate,
Merphos, and Naled by Method 8141 A exceeded the percent difference limits. However, the overall
mean percent difference is within control limits, therefore, the CCV is also in control and no
corrective action was necessary. Additionally, the associated sample was non-detect.



EXECUTIVE SUMMARY - Detection Iligblights

D3J160213

PARAMETER RESULT
REPORTING

LIMIT

ANALYTICAL
METHODUNITS_

L.E-S. MW2 10/14/03 16:20 001

4,4' -DDD

Aluminum
Barium
Boron
Chromium
Copper
Iron
Manganese
Molybdenum
Nickel
Zinc
Acetone
Methylene chloride

Specific Conductance
Total Dissolved

Solids
Total Suspended
Solids

Chloride
Sulfate
Chemical Oxygen
Demand (COD)

0.22
480 J

21

1600

43
8.6 B,J
510

1000
40
34 B
16 B
2.8 J
0.39 J,13
6800
2500 Q

6.2

1600 0
2200 Q
12 B

0.050
100
10

100

10

10
100

10

20
40
20
10
5.0
2.0
20

4.0

300
500
20

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug L
ug/L
ug/L
umhos/cm
mg/L

mg/L

mg/L
mg/L
mg/L

SW846
SW846
SW846
SW846
SW846
SW846
SWJ846
SW846
SW846
SW846
SW846
SW846
SW846
MCAWW
MCAWW

8081A
6010B
6010B
6010B
6010B
6010B
6010B
6010B
6010B
6010B
6010B
826OB
8260B
120.1
160.1

MCAWW 160.2

MCAWW
MCAWW
MCAWW

300. OA
300. OA
410.4

TRIP BLANK 10/15/03 003

Acetone
Methylene chlcri.de

4.1 J 10
e 61 J,B 5.0

ugJL

ug/L

SW846 8260B
ShW846 8260B



METHODS SUMMARY

D3J160213

ANALYTICAL

PARAMETER METHOD

PREPARATION
METHOD

Chemical Oxygen Demand

Chloride
F. Coliform (Enumeration)

Filterable Residue (TDS)

Fluoride
Inductively Coupled Plasma (ICP) Metals

Mercury in Liquid Waste (Manual Cold-Vapor)

Nitrate as N

Nitrite as N

Non-Filterable Residue (TSS)

Organochlorine Pesticides

Organophosphorous Compounds by GC

PCBs by SW-846 8082

Semivolatile Organic Compounds by GC/MS

Specific Conductance
Sulfate
T. Coliform (Enemeration)

Total Cyanide
Volatile Organics by GC/MS

MCAWZW 410.4
MCAWW 300.OA

SM18 9222D Feca

MCAWW 160.1
MCAWW 300-OA
SW846 6010B
SW84G 7470A

MCAWW 300.OA
MCAWW 300.OA
MCAWW 160.2
SW846 8081A
SW846 8141A
SW846 8082
SW846 8270C
MCAWW 120.1
MCAWW 300.OA
SM18 9222B
HCAWWV1 335.3

SW846 8260B

MCAWW 410.4
MCAWW 300.OA

SM18 9222D

MCAWW 160.1
MCAWW 300.OA
SW846 3010A
SW846 7470A

MCAWW 300.OA
MCAWW 300.OA
MCAWW 160.2
SW846 3510C

SW846 3510
SW846 3510C
SW846 3520C
MCAWW 120.1
MCAWW 300.OA
SM18 9222B

MCAWW 335.3
SW846 5030B/826

References:

MCAWW 'Methods for Chemical Analysis of Water and Wastes",

EPA-600/4-79-020, March 1983 and subsequent revisions.

SM18

f: 411-1 C

"Standard Methods for the Examination of Water and

Wastewater", 18th Edition, 1992.

'Test Met..ds -for Evaluating Solid Waste, Phvsical/!Ciemical

Methods", Third Edition. November 1986 and its updates.



ME THOD / ANALYSr SUMMARY

D3J160213

ANALYTICAL
METHOD

ANALYST
IDANALYST

MCAWW 120.1
MCAWW 160.1
MCAWW 160.2
MCAWW 300.OA
MCAWW 335.3
MCAWW 410.4
SM18 9222B
SM18 9222D Fecal
SW846 6010B
SW846 6010B
SW846 7470A
SWS46 80R1A
SW846 8082
SW646 8141A
SW846 8260B
SW846 8270C

Nicole Dean
Mark Angerhofer
Claire Likar

Andrita Scofield
Ewa Kudla
Nicole Dean

Claire Likar
Claire Likar
Kristen Roda
Lynn-Anne Trudell
Xacey Ono
Sonya Dacar

Sonya Dacar
Steve Szocik
Greg Meier
David Kidd

008504
005823
004382
004409
001167
008504
004382
004382
005692
6645
003371
011595
011595
002410
006004
007536

References:

MCAWW "Methods for Chemical Analysis of Water and Wastes",
EPA-600/4-79-020, March 1983 and subsequent revisions.

SM18 OStandard Methods for the Examination of Water and

Wastewater", 18th Edition, 1992.

SW846 "Test Methods for Evaluating Solid Waste, Physical/Chemical

Methods", Third Edition, November 1986 and its updates.



SAMPLE SUMMARY

D3Ji60213

SAMPLED SAMP

DATE TIMEWO # SAMPLE# CLIENT SAMPLE ID

F2NR9

F2NT3

F2NT6

001 L.E-S. MW2

002 L.E.S. MW2

003 TRTP BLANK

10/14/03 16:20

10/15/03 17:40

10/15/03

NOTE S): _ _

- The aunlytial resuhs Of thc samples listed above are presenved on the following pages.

- Al calculatios are performed bcore ounding to avoid roun-off errors in calculated results

- Results rxted as 'ND were not detected at or above the stated limit.

- This report mut not be repredutee. except in full without tbie written approval of the lboratory.

- Resuks for tre follwing parameters are never reported on a dry weighit basis: color. corrosivity, densisty. flashpoin igmubilily layers. odor.

palm fitte test. pH. pOrosity pressure reactivity. redox potential, specific gravity. spat tests. solids. solubility. tremprarure. viscosity. and weigtv



LOCKWOOD GREENE

Client Sample ID: L.E-S. HW2

GC/MS Volatiles

Lot-Sample I...: D3JI60213-001
Date Sampled.. : 10/14/03 16:20

Prep Date.....: 10/27/03
Prep Batch #.-.: 3302592

Dilution Factor: 1

Work Order #... :
Date Received..:
Analysis Date..:
Analysis Time..:

F2NR9lA9
10/16/03
10/27/03
13:08

Matrix ..... : WATER

Method .... : SW846 8260B

PARJAMETER

Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone (MEK)
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromomethane
1,2-Dibromoethane (EDB)

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,l-Dichloroethane
1,2-Dichloroethane
1,l-Dichloroethene
1,2-Dichloroethene

(total)
ciS-l, 2-Diahlc^-oothenle

trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
2-Hexanone
Methylene chloride
4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
1.1,2,2-Tetrachloroethane
Tetrachloroethene

Toluene
1,2,4-Trichloro--

benzenc

RESULT
2.8 J
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

0.39 J,B
ND

ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
10

1.0

1.0
1.0

2.0
5.0
1.0

1.0

2.0
1.0

2.0
1.0
1.0

1.0

1.0
1.0

2.0
1.0

1.0
1.0
1.0

1.0

1.0
1.0

1.0

1.0

1.0

5.0
5.0
5.0
1.0
1.0
1.0

1.0

1.0
1.0

UNITS
ug/L
ug/L
ug/L
uq/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/I.
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

MDL
2.5
0.17
0.20
0.23
0.22
2.0
0.20
0.13
0.18
0.17
0.91

0.31
0.18
0.15
0.13
0.16
0.22
0.22
0.26
0.23
0.24

0.14
0.15
0.18
0.19
0.20
0.12
1.7
0.21
0.98
0.14
0.21
0.21
0.26
0.15
0.21

(Continued on next page)



LXOCKWOOD GREENR

Client Sample ID: L.E.S. MP2

GCCMS Volatiles

Lot-Sample N...: D3J160213-001 Work Order F...: P2NR91A9 Matrix ..... : WATER

PARAMETER
1,1,1-Trichloroethane

1,1,2-Trichloroethane

Trichloroethene

Trichlorofluoromethane

1,2,3-Trichloropropane

Vinyl chloride

Xylenes (total)

n-Butylbenzene

sec-Butylbenzene

Isopropylbenzene

1,2,4-Trimethylbenzene
1,3,S-Trimethylbenzene

n- Propylbenzene

tert-Butylbenzene

Dibromochloromethane

2-Chlorotoluene

4-Chlorotoluene

1,2-Dibromo-3-

chloropropane (DBCP)

1,3-Dichloropropane

2,2-Dichloropropane

1,l-Dichloropiopene

Hexachlorobutadiene
4-Isopropyltoluene

Methyl tert-butyl ether

1,2,3-Trichlorobenzene

m-Xylene & p-Xylene

--Xylene

Bromobenzene

Bromochloromethane

Naphthalene

RESULT

ND

ND
ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND
ND

ND

ND

ND

ND

REPORTING

LIMIT

1.0
1.0

1.0
2.0

1.0
1.0

2.0

1.0
1.0

1.0

1.0

1.0

1.0
1.0
1.0
1.0

1.0

2.0

UNITS

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L
ug/L
ug/L

ugJL

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

0.16

0.27

0.16

0.24

0.33

0.19

0.41

0.21

0.23

0.17

0.15

0.16

0.17
0.17

0.19
0.17

0.21

0.47

0.22

0.18

0.19

0.18
0.20

0.38

0.21

0.27
o 1i

0.17

0.27

0.50

ND

ND
ND

ND
ND
ND

ND

ND

ND

ND

ND

ND

1.0
5.0

1.0

1.0
1.0
5.0

1.0

2.0

1.0

1.0

1.0
1.0

SURROGATE

Dibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-de

PERCENT

RECOVERY

78

78

96

94

RECOVERY

LIMITS
(76 - 116)

159 - 129)

(74 - 114)
(76 - 1.16)

NOTE (S): _

I Estziwed msUi. Resull is less dma RL

B Mhod blank cazamigtatin. Tbe associatd methd blak contains ate turga analic a a mponbte lecd.



LOCKWOOD GRRSNE

Client Sample ID: TRIP BLANK

GC/MS Volatiles

Lot-Sample f ... : D3J160213-003
Date Sampled ... : 10/15/03
Prep Date ...... : 10/27/03
Prep Batch # ... : 3302592
Dilution Factor: 1

Work Order I...:
Date Received..:
Analysis Date..:
Analysis Time..:

F2NT61AA
10/16/03
10/27/03
14 :23

Matrix ..... : WATER

Method ..... : SW846 8260B

PARAMETER
Acetone
Benzene
Bromodichloromethane

Bromofornm
Bromomethane
2-Butanone IMEK)
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromomethane
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,l-Dichloroethane
1.2-Dichloroethane
1,l-Dichloroethene
1,2-Dichloroethene

(total)
i-s-1.2-Dichloroethene
trans-l,2-Dichloroethene
1,2-Dichloropropane
cis-l, 3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
2-Hexanone
Hethylenc chloride
4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,4-Trichloro-

benzene

RESULT
4.1 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
10

1.0
1.0

1.0
2.0
5.0

1.0

1.0

2.0
1.0
2.0
1.0
1.0
1.0

1.0

1.0

2.0
1.0

1.0

1.0
1.0

UNITS
ug/L
Ug/L
.ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

1P2!L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/l.
ug/L
ug/L
ug/L

MDL
2.5
0.17
0.20
0.23
0.22
2.0
0.20
0.13
0. 18
0.17
0.91
0.31
0.18
0.15
0.13
0.16
0.22
0.22
0.26
0.23
0.24

0 . 4 .

0.15

0.18
0.19

0.20
0.12
1.7
0.21
0.98
0.14
0.21
0.21
0.26
0.15
0.21

ND

ND
ND
ND
ND
ND

ND
0.61 J,,B
ND
ND
ND
ND

ND
ND
ND

1. 0
1.0

1.0

1.0

1.0

1.0
5.0

5.0

5.0

1.0

1.0

1.0

1.0

1.0
1.0

(Continued on next page)



LOCKWOOD GREENS

Client Sample ID: TRIP BLANK

GC/MS Volatiles

Lot-Sample I... : D3J160213-003 Work Order 1...: F2NT61AA Matrix ...... :.WATER

PARAMETER
1,l, 1-Trichloroethane
1,1,2-Trichloroethane
Trichloroetherie
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl chloride
Xylenes (total)
n-Butylbenzene
sec-Butylbenzene
Isopropylbenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
n-Propylbenzene
tert-Butylbenzene
Dibromochloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-

chloropropane (DBCP)
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
Hexachlorobutadiene
4-Isopropyltoluene
Methyl tert-butyl ether
1,2,3-Trichlorobenzene
m-Xylene & p-Xylene
o-Xylene
Bromobenzene
Bromochloromethane
Naphthalene

RESULT
ND
ND

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

REPORTING
LIMIT
1.0

1.0
1.0
2.0
1.0

1.0

2.0
1.0

1.0
1.0
1.0

1.0
1.0

1.0

1.0

1.0

1.0

2.0

UNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
Ug/L
ug/L
ug/L
ug/L

MDL
0.16
0.27
0.16
0.24
0.33

0.19

0.41

0.21

0.23
0.17
0.15
0.16
0.17
0.17

0.19

0.17
0.21
0.47

ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND
ND

1.0

5.0
1.0
1.0

1.0

5.0
1.0

2.0
1 .0
1.0
1.0
1.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
A Ii.

ug/L
ug/L
ug/L

0.22
0.18
0.19
0.18
0.20
0.38
0.21
0.27
0.15

0.17
0.27
0.50

SURROGATE _ -

Dibromofluoromethane
1.2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-dB

PERCENT
RECOVERY
93
103
97
90

RECOVERY
LIMITS
(76 - 116)

(59 - 129)

(74 - 114)
(76 - 116)

NOTE (S):

J Estimated icsuk. Resuh is less than RL

B Mediud blank conrainistgion. The asxiated method blank contains the arget analyte at a rep abke Ievd.



ICKWOOD GREENE

Client Sample ID: L.ELS. MW2

GC/MS Semivolatiles

Lot-Sample I...: D3JI60213-001

Date Sampled ... : 10/14/03 16:20

Prep Date ...... : 10/20/03
Prep Ratch A ... : 3293438
Dilution Factor: 1

Work Order I...:
Date Received..:
Analysis Date..:
Analysis Time..:

F2NR91CA
10/16/03
11/15/03

19:41

Matrix.......: WATER

Method .... : SW846 8270C

PARAMETER

Acenaphthene
Acenaphthylene
Acetophenone
2-Acetylaminofluorene
4-Aminobiphenyl
Aniline
Anthracene
Aramite
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzyl alcohol
bis(2-Chloroetboxy)

methane
bis(2-Chloroethyl)-

ether
bis (2-Ethylhexyl)

phthalate
4-Bromophenyl phenyl

ether
f!uty! benzyl phthalatc

4-Chloroaniline
Chlorobenzilate
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl

ether
Chrysene
Diallate
Dibenz(a,h)anthracene
Dibenzofuran
Di-n-butyl phtbalate

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

RESULT

ND
ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

REPORTING
LIMIT
10

10

10

100

50

10

10
20
10
10
10

10

10
10

10

ND 10

ND 10

UNITS
ug/L

ug/L

ug/L.

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug /L

ug/L

ug/L

ugIL
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

0.60

0.60

2.0
1.0

1.0

4.0
3.0
2.0
0.80
0.90
2.0
1.0
0.80
1.0
0.90

3.0

0.90

0.70

1.0

3.0
1.0

0.80
0.70
0.80
0.60

0.80
2.0
0.90
0.60
0.80
0.80
0.80
1.0

-

ND 10

ND

ND

ND

ND

ND

ND

ND

10

10

10
10

10

10
10

ND

ND

ND

ND
ND

ND

ND

ND

10
20
10

10
10

10

10
10

(Continued on next page)



LOCKWOOD GREENE

Client Sample ID: L.E.S. MW2

CC/MS Semivolatiles

Lot-Sample S...: D3J160213-001 Work Order I.: F2NR91CA Matrix .....-.. : WATER

REPORTING

PARAMETER RESULT LIMIT UNITS MDL
3,3'-Dichlorobenzidine ND 50 ug/L 8.0
2,4-Dichlorophenol ND 10 ug/L 0.70

2,6-Dichlorophenol ND 10 ug/L 1.0

Diethyl phthalate ND 10 ug/L 0.70

Dimethoate ND 20 ug/L 2.0

7,12-Dimethylbenz(a)- ND 20 ug/L 2.0
anthracene

3,3'-Dimethylbenzidine ND 20 ug/L 10
2,4-Dimethylphenol ND 10 ug/L 4.0

Dimethyl phthalate ND 10 ug/L 0.80
1,3-Dinitrobenzene ND 10 ug/L 2.0

4,6-Dinitro- ND 50 ug/L 6.0

2-methylphenol

2,4-Dinitrophenol ND so ug/L 6.0

2,4-Dinitrotoluene ND 10 ug/L 1.0
2,6-Dinitrotol.uene ND 10 ug/L 0.80
Di-n-octyl phthalate ND 10 ug/L 1.0
Diphenylamine ND 10 ug/L 1.0
Disulfoton ND 50 ug/L 6.0
Ethyl methanesulfonate ND 10 ug/L 2.0
Fluoranthene ND 10 ug/L 0.70
Fluorene ND 10 ug/L 0.60

Hexachlorobenzene ND 10 ug/L 0.80
Hexachlorobutadiene ND 10 ug/L 1.0
Hexachlorocyclopenta- ND 50 ug/L 5.0

diene

Hexachloroethane ND 10 ug/L 0.80
Hexachloropropene ND 100 ugIL 1.0
Indeno(1,2,3-cd)pyrene ND 10 ug/L 0.80
Isodrin ND 10 ug/L 3.0
Isophorone ND 10 ug/L 0.90

Isosafrole ND 20 ug/L 2.0

Methapyrilene ND 50 ug/L 30

3-Methylcholanthrene ND 20 ug/L 3.0
Methyl methanesulfonate ND 10 ug/L 2.0
2-Methylnaphthalene ND 10 ug/L 0.80
Methyl parathion ND 50 ug/L 2.0

2-Methylphenol ND 10 ug/L 0.90

3-Methylphenol & ND 10 ug/L 0.80
4-Methylphenol

Naphthalene ND 10 ug/L 0.80
1,4-Naphthoquinone ND 50 ug/L 2.0

l-Naphthylamine ND 10 ug/L 2.0

(Continued on next page)



LOCKWOOD GRBENE

Client Sample ID: L.E.S. HW2

GC/MS Semivolatiles

Lot-Sample I...: D3JI60213-OCl Work Order #...-: F2NR9lCA Matrix ........ : WATER

PARAMETER
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
2-Nitrophenol
4-Nitrophenol
4-Nitroquinoline-

l-oxide
N-Nitrosodi-n-butylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propyl-

amine
N-Nitrosomethylethylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
5-Nitro-o-toluidine
Parathion
Pentachlorobenzene
Pentachloroethane
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin
Phenanthrene
Phenol
Phorate
2-Picoline
Pronamide
Pyrene
Pyridine
1,2,4,5-Tetrachloro-

benzene
2,3,4,6-Tetrachlorophenol
Thionazin
o-Toluidine
1,2,4-Trichloro-

benzene
2,4,5-Trichloro-

phenol
2,4,6-Trichloro-

phenol

RESULT
ND
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
10
50
50
50
10

10

SO

100

ND
ND
ND
ND
ND

10

10
10
1o

10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

10

10

10
10
20
50

10
50
50
50
20
10
in

50
20
20
10
20
10

UNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
Ug/L
ugJL
ug/L
Ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/LI
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L

ug/L

ugtL

MDL
1.0

0.90
0.90
6.0
2.0
0.80
7.0
50

2.0
2.0
0.80
1.0
0.70

2.0
2.0
2.0
2.0
1.0
2.0
2.0
2.0
2.0
5.0
1.0

0.70
0.90
1.0

1.0
1.0
0.80
10

2.0

5.0

2.0
2.0
0.90

1.0

0.80

ND
ND
ND
ND

50
10

10

10

ND 10

ND 10

(Continued on next page)



LOCKWOOD GREENE

Client Sample ID: L.R.S. MW2

GC/MS Semavolatiles

Lot-Sample I...: D3J160213-001 Work Order # ... : F2NR9lCA Matrix......... : WATER

PARAMETER
0.0,0-Triethylphosphoro-

thioate
1,3,S-Trinitrobenzene

RESULT

ND

REPORTING

LIMIT

so

UNITS
ug/L

MDL
2.0

2 0ND 50 ug/L

SURROGATE
2-Fluorophenol
Phenol-d5
Nitrobenzene-dS

2-Fluorobiphenyl
2,4,6-Tribromophenol
Terphenyl-d14

PERCENT
RECOVERY
66
75

84

64
97

86

RECOVERY

LIMITS
(32 - 116)

(40 - 111)
(53 - 107)

(31 - 105)

(42 - 122)

(21 - 125)



LOCKWOOD GREENE

Client Sample ID: L.E.S. MW2

GC Semivolatiles

Lot-Sample I.... : D3J160213-00l
Date Sampled ... : 10/14/03 16:20
Prep Date ...... : 10/20/03
Prep Batch 5... : 3293260
Dilution Factor: I

work Order -.- :
Date Received..:
Analysis Date..:
Analysis Time..:

F2NR91CD
10/16/03
10/28/03
16:54

Matrix ..... : WATER

Method ....... : SW846 8081A

PARAMETER
Aldrin
alpha-BHC
beta-BHC
delta-BHC
gamma-BHC (Lindane
Chlordane (technic
4,4 '-DDD
4.4'-DDE
4,4'-DDT
Dieldrin
Endrin
Endrin aldebyde
Endosulfan I
Endosulfan II
Endosulfan su]fate
Heptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene

al)

RESULT
ND

ND
ND
ND

ND
ND
0-22
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND

REPORTING
LIMIT
0.050
0.050
0.050
0.050

0.050
0.50

0.050
0.050
0.050

0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.10

5.0

UNITS
ug/L
ug/L
iig/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ugfL

MDL
0.0070
0 .010

0.010

0.010
0.0080
0.060
0.010
0.010

0.010

0.0090

0.020
0.010
0.020
0.010

0.010
0.010
0.010

0.020
0.50

SURROGATE

Decachlorobiphe-y!

Tetrachloro-m-xylene

PERCENT
RECOVERY

97

RECOVERY
LIMITS
(29 - 125)

(40 - 115)



LOCKWOOD GREENE

Client Sample ID: L.E.S. MW2

GC Semivolatiles

Lot-Sample I.- .:
Date Sampled...:

Prep Date .... :

Prep Batch #...:

Dilution Factor:

D3J160213-001

10/14/03 16:20

10/20/03

3293236

work Order # .-. :

Date Received..:

Analysis Date..:

Analysis Time..:

F2NR91CC

10/16/03

10/28/03

22:13

Matrix.... . : WATER

Method ......... : SW846 8082

PARAMETER

Aroclor 12016

Aroclor 1221

Aroclor 1232

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

RESULT

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

1.0
1.0

1.0

1.0

1.0

1.0

1.0

UNITS

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

MDL

0. 15

0.25

0.34

0.14

0.15

0.22

0.16

. .

SURROGATE

Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY

98

114

RECOVERY

LIMITS

(52 - 160)

(37 - 144)



LOCKWOOD GREE1NE

Client Sample ID: L.E-S. MW2

GC Semivolatiles

Lot-Sample I ... :

Date Sampled...:
Prep Date ...... :
Prep Batch I....:
Dilution Factor:

D3J160213-001
10/14/03 16:20
10/21/03
3294207

Work Order #...:-F2NR91CE
Date Received..: 10/16/03

Analysis Date..: 11/05/03
Analysis Time..: 13:36

Matrix ...... :.WATER

Method .... : SW846 8141A

PARAMETER
Azinphos-methyl
Bolstar
Chlorpyrifos
Coumaphos
Demeton (total)
Diazinon

Dichlorvos
Dimethoate
Disulfoton
Ethoprop
Ethyl parathion
Pamphur
Fensulfothion
Fenthion
Malathion
Merphos
Methyl parathion
Mevinphos
Naled
0,0,0-Triethylphosphoro-

thioate
Phorate

Sulfotepp
Thionazin
Tokuthion
Trichloronate

EPN
Demeton-O
Demeton-S

Tetrachlorvinphos (Stirophos)

RESULT
ND
ND
ND

ND
ND
ND
ND
ND
ND

ND

ND
ND
ND
ND
ND
ND-
ND

ND

ND
ND

REPORTING
LIMIT
2.5
0.50
0.50
0.50

1.0
0.50

0.50

0.50
0.50

0.50

0.50
1.0
2.5
0.50
1.2
5.0
O.50

6.2

10

0.50

UNITS

Ug/L
ug/L

Ug/L
ug/L
ug/L
Ug/L

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
Ug/L
ug/L
Ug/L
ug/L

ug/L
ug/L

ug/L

Ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

MDL

0.14

0.14
0.054
0.079

0.19
0.039

0.13

0.18

0.057

0.056

0.040
0.054
0.22

0.061
0.050

0.063

0.061
0.16

0.22

0.15

0.075
0.11
0.030
0.059

0.071

0.057

0.050

0.19

0.19

0.056

ND
VD
ND

ND

ND

ND

ND

ND

ND

ND

0.50
10
0.50
0.50

0.50
0.50

0.50

1.0

1.0

2.5

SURROGATE

Chlormefos
Ethyl Pirimifos

PERCENT

RECOVERY
77
68

RECOVERY
LIMITS
(49 - 105)

(20 - 121)



LOCKWOOD GRE]WE

Client Sample ID: L.E.S. MW2

TOTAL Metals

Lot-Sample I---: D3J160213-001

Date Sampled -: 10/14/03 16:20 Date Received..: 10/16/03

PARAMETER

Prep Batch

Mercury

Prep Batch

Silver

Aluminum

Arsenic

Barium

B8eryllium

Boron

Cadmium

Cobalt

Chromium

Copper

Iron

Manganese

RESULT

I.--: 3290479

ND

# . -: 3291152

ND

480 J

ND

21

ND

1600

ND

ND

43

8.6 B.J

510

1000

REPORTING

_ LIMIT UNITS

0.20 ug/L

Dilution Factor: 1

10 ug/L
Dilution Factor: 1

100 ug/L

Dilution Factor: 1

15 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

5.0 ug/L
Dilution Factor: 1.

100 ug/L

Dilution Factor: 1

5.0 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: I

10 ug/L

Dilution Factor: I

10 ug/L

Dilution Factor: 1

100 ug/L

Dilution Factor: I

10 ug/L

Dilution Factor: I

METHOD

SW846 7470A

Analysis Time..: 13:27

,

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:20

SW846 6010B
Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 COlOB

Analysis Time..: 18:20

SW846 60108

Analysis Time..: 18:21

SW846 6010B
Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SWB46 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:20

Matrix ..... : WATER

PREPARATION- WORK

ANALYSIS DATE ORDER #

10/22-10/23/03 F2NR91A8

MDL ...... .: 0.054

10/23-10/25/03 F2NR91AL

MDL . 0.70

10/23-10/24/03 F2NR91AM

MDL ............ 20

10/23-10/25/03 F2NR91AN
MDL ...... . 4.9

10/23-10/25/03 F2NR91AP

MDL . .... 0.37

10/23-10/25/03 F2NR91AQ

MDL .... . . 0.41

10/23-10/24/03 F2NR91AR

MDL .......... : 8.3

10/23-10/25/03 F2NR91AT

MDL........... 0.27

10/23-10/25/03 F2NR91AU

MDL .... . : 0.67

10/23-10/25/03 F2NR91AV

MDL ..... . 2.1

10/23-10/25/03 F2NR91AW

twDL ..... : 0.97

10/23-10/24/03 F2NR91AX

NDL ..... ..... : 19

10/23-10/25/03 F2NR9lAO

HDL ..... .: .54

SW846 6010B

Analysis Time..: 18:21

(Continued on next page)



LOCKWOOD GREENE

Client Sample ID: L.E.S. MW2

TOTAL Metals

Lot-Sample I...: D3J160213-001 Matrix .. ....... : WATER

PARAMETER

Molybdenum
RESULT

40

REPORTING

LIMIT UNITS

20 ug/L

METHOD

Nickel

Lead

Antimony

Selenium

Thallium

Zinc

34 B

ND

ND

ND

ND

16 B

Di2ution Factor: 1

40 ug/L

Dilution Factor: 1

3.0 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

15 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

20 ug/L

Dilution Factor: I

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

SW846 6010B

Analysis Time..: 18:21

PREPARATION- WORK

ANALYSIS DATE ORDER #

10/23-10/25/03 F2NR9]l

MDL ....... .: 2.3

10/23-10/25/03 F2NR91A2

MDI... ... 4.2

10/23-10/25/03 F2NR91A3

MDL ....... . 2.1

10/23-10/25/03 F2NR9LA4

MDL ... .. : 3.6

10/23-10/25/03 F2NR91A5

MDL .. : 4.6

10/23-10/25/03 F2NR91A6

MDL .: 8.1

10/23-10/25/03 F2NR9LA7

MDL . 7.1

NOTE (S) :

J Method blank- rcmmiintion he asscciated method blist csonuins d ae arge analyte at a reportabe levd.

B Fsimated result. Result is less than RL



LOCKWOOD GREENE

Client Sanple ID: L.B-S. MW2

General Chemistry

D3J160213-001 Work Order t...: F2NR9Lot-Sanple I...: Matrix ..... : WATER

Date Sampled...: 10/14/03 16:20 Date Received -: 10/16/03

PARAMETER RESULT RL UNIT'

Chemical Oxygen 12 B 20 mg/L

Demand (COD)
Dilution Factor: 1

Chloride 1600 Q 300 mg/L

Dilution Factor: 100

Fluoride ND G 5.0 mg/L

Dilution Factor: 5

Nitrate ND G 2.5 mg/L

Dilution Factor: 5

Nitrite ND G 10 mg/L

Dilution Factor: 20

Specific Conductance 6800 2.0 umbos
Dilution Factor: I

Sulfate 2200 Q 500 mg/L

Dilution Factor: 100

Total Cyanide ND 0.010 mg/L

Dilution Factor: I

Total Dissolved 2500 Q 20 mg/L
Solids

Dilution Factor: 2

Total Suspended 6.2 4.0 mg/L
Solids

Dilution Factor: 1

METHOD

MLAWW 410.4

Analysis Time..: 16:45

MCAWW 300.OA

Analysis Time. .: 17:55

MCAWW 300.OA

Analysis Time..: 16:29

MCAWW 300.0A

Analysis Time. .: 16:29

MCAWW 300.OA

Analysis Time..: 17:01

;/cm MCA3W 120.1
Aralysis Time..; 16:00

MCAwW 300.OA
Analysis Time..: 17:55

MCAWW 335.3

Analvsis Time. .: 13:00

MCAWW 160.1

Analysis Time..: 17:00

MCAWW 160.2

Analysis Time..: 20:45

PREPARATION- PREP

ANALYSIS DATE BATCH #

10/21/03 3296361

MDL . : 2.9

10/16/03 3290566

MDL ............. 20

10/16/03 3290569

MDL ....... : 0.50

10/16/03 3290567

MDL ........ : 0.25

10/16/03 3290570

MDL ........ :.1.0

10/17/03 3293257

MDL ........ :

10/16/03 3290568

MDL ........ : 20

10/22-10/23/03 3296416

MDL ...... . 0.0039

10/20/03 3303251

MDL ........ : 6.0

10/20/03 3294676

MDL ........ : 0o.87

NOTE S): ._ _

RL Reporting Limit

B Estimed rest. Rult is Iss than RL

Q levated reporting hmit. Thc tetinE iiti is elevated due to hb aiptlc leveis

G Elevated reporting limit. The reporting limk' is eklwed due to matrix intelcrence.



LOCKWOOD GREENE

Client Sample ID: L.E.S. MW2

General Chemistry

Lot-Sample I...: D3J160213-002 Work Order i....: F2NT3

Date Sampled...: 10/15/03 17:40 Date Received..: 10/16/03

Matrix......... . WATER

PARAMETER

Fecal Coliform

Total Coliform

RESULT RL UNITS

ND 1.0 CFU/lOOm

Dilution Factor: 1

ND 1.0 CFU/lOOm

Dilution Factor: I

METHOD

SMI8 9222D Fecal

Analysis Time..: 14:30

SM18 9222B

Analysis Tire.-: 15:00

PREPARATION- PREP

ANALYSIS DATE BATCH #

10/16/03 3301603

MDL . :

10/16/03 3301601

MDL . :



QC DATA ASSOCIATION SUMMARY

D3J160213

Sample Preparation and Analysis Control Numbers

SAMPLE# MATRIX

ANALYTICAL

METHOD

LEACH PREP

BATCH # BAfCH # MS RUN#

001 WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

SW846

SW846

SW846

SW846

SW846

SW846

SW846

MCAWW

MCAWW

120.1

160.1

160.2

300.OA

300.OA

300.OA

300.OA

300.OA

7470A

8141A

8082

8081A

8260B

8270C

6010B

335.3

410.4

3293257

3303251

3294676

3290566

3290568

3290569

3290567

3290570

3290479

3294207
3293236

3293260

3302592

3293438

3291152
3296416
3296361

3293166

3304079

3294343

3300278

3300288

3300275

3300283

3300282
3290257

3294054

3293106

3293130
3304292

3293249

3291050

3296234

3296259

002 WATER

WATER

SM18 9222D Fecal

SM18 9222B

3301603 3301311

33C1601 3301310

003 WATER SW846 8260B 3302592 3304292



METHOD BLINK REPORT

GC/MS Volatiles

Client Lot I...: D3J160213 Work Order I.: F3PE71AA Matrix ......... : WATER

MB Lot-Sample I: D3J290000-592

Prep Date ........ 10/27/03 Analysis Time..: 12:43

Analysis Date..: 10/27/03 Prep Batch #...: 3302592

Dilution Factor: I

REPORTING

PARAMETER RESULT LIMIT UNITS METHOD

Acetone ND 10 ug/L. SW846 8260B

Benzene ND 1.0 ug/L SW846 8260B

Bromodichloromethane ND 1.0 ug/L SW846 8260B

Bromnoform ND 1.0 ug/L SW846 8260B

Bromomethane ND 2.0 ug/L SW846 8260B

2-Butanone (MEK) ND 5.0 ug/L SW846 8260B

Carbon tetrachloride ND 1.0 ug/L SW846 8260B

Chlorobenzene ND 1.0 ug/L SW846 8260B

Chloroethane ND 2.0 ug/L SW846 B260B

Chloroform ND 1.0 ug/L SW846 8260B

Chloromethane ND 2.0 ug/L SW846 8260B

Dibromomethane ND 1.0 ug/L SW846 8260B

1,2-Dibromoethane (EDB) ND 1.C ug/L SW846 8260B

1,2-Dichlorobenzene ND 1.C ug/L SW846 8260B

1,3-Dichlorobenzene ND 1.0 ug/L SW846 8260B

1,4-Dichlorobenzene ND 1.0 ug/L SW846 8260B

Dichlorodifluoromethane ND 2.0 ug/L SW846 8260B

1,1-Dichloroethane ND 1.0 ug/L SW846 8260B

1,2-Dichloroethane ND 1.0 ug/L SW846 8260B

1,1-Dichloroethene ND 1.0 ug/L SW846 8260B

1.2-Dichloroethene ND 1.0 ug/L SW846 8260B

(total)

cis-1,2-Dichloroethene ND 1.0 ug/L SW846 8260B

trans-I.,2-Dich1orc-eth-n ND 1.0 ua/L SW846 £2s0B

1,2-Dichloropropane ND 1.0 ug/L SW846 8260B

cis-1,3-Dichloropropene ND 1.0 ug/L SW846 8260B

trans-1,3-Dichloropropene ND 1.0 ug/L SW846 8260B

Ethylbenzene ND 1.0 ug/L SW846 8260B

2-Hexanone ND 5.0 ug/L SW846 6260B

Methylene chloride 0.65 J 5.0 ug/L SW846 8260B

4-Methyl-2-pentanone ND 5.0 ug/L SW846 8260B

Styrene ND 1.0 ug/L SW846 8260B

1,1,1,2-Tetracbloroethane ND 1.0 ug/L SW846 8260B

1,1,2,2-Tetrachloroethane ND 1.0 ug/L SW846 8260B

Tetrachloroethene ND 1.0 ug/L SW846 82608

Toluene ND 1.0 ugJL SW846 8260B

1,2,4-Trichloro- ND 1.0 ug/L SW846 8260B

benzene

l,1,l-Trichloroethane ND 1.0 ug/L SW846 B260B

1,1,2-Trichloroethane ND 1.0 ug/L SW846 8260B

Trichloroethene ND 1.0 ug/L SW846 8260B

(Continued on next page)



METHOD BLANK REPORT

GC/MS Volatiles

Client Jot #...: D3J160213

PARAMETER
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl chloride
Xylenes (total)
n-Butylbenzene
sec-Butylbenzene
Isopropylbenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
n-Propylbenzene
tert-Butylbenzene
Dibromochloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-

chloropropane (DBCP)
1,3-Dichloropropane
2,2-Dichloropropane
t,l-Dichloropropene
Hexachlorobutadiene
4-Isopropyltoluene
Methyl tert-butyl ether

1,2,3-Trichlorobenzene
m-Xylene & p-Xylene
o-Xylene
Bromobenzene
Bromochloromethane

Work Order #...: F3PE71AA Matrix ..... : WATER

RESULT
ND

ND

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

REPORTING
LIMIT
2.0
1.0

1.0

2.0
1.0

1.0

1.0
1.0
1.0

1.0
1.0

1.0

1.0
1.0

2.0

UNITS METHOD
ug/L SW846 8260B

ugJL
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846
SW846
SWB46
SW846
SWB46
SW846
SW846
SW846

8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B
8260B

8260B
8260B
8260B
8260B
8260B
826nB

8260B
8260B
8260B
8260B
8260B
826nOR

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND

1.0
5.0
1.0
1.0

1.0
5.0
1.0

2.0
1.0

1.0
1. 0
1.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug XT.

SURROGATE

Dibromofluoromethane
1,2-Dichloroethane-d4

4-Bromofluorobenzene
Toluene-d8

PERCENT
RECOVERY
90

99

98

88

RECOVERY
LIMITS
(76 - 116)

(59 - 129)
174 - 114)

,(76 - 116)

NOTE S) -

Cakulatiens ate perhonmed Mfome rowding to avoid rowd-off uro ist caktiated resuks

I Estinated rtsul. Reqeik is less than Rt_



L1BORATORY CONTROL SAMPLE EVALUATION REPORT

GC/MS Volatiles

Client Lot Y...: D3JI60213

LCS Lot-Samplel: D3J290000-592

Prep Date.....: 10/27/03

Prep Batch 1...: 3302592
Dilution Factor: 1

PARAMETER

Benzene

Chlorobenzene

1,l-Dichloroethene
Toluene

Trichloroethene

Work Order I...: F3PE71AC Matrix ......... : WATER

Analysis Date..: 10/27/03
Analysis Time..: 12:18

PERCENT
RECOVERY
85

88
90

85
92

RECOVERY
LIMITS
(75 - 116)

(77 - 117)
(67 - 125)

(74 - 115)

(80 - 123)

METHOD

SW846 I
SW846 I

SW846 I
SW846 I

SW846 I

B260B
B260B
B260B
B260B
B260B

SURROGATE
Dibromofluoromethane
1,2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-de

PERCENT
RECOVERY
90

98
101
92

RECOVERY
LIMITS
(76 - 116)

(59 - 129)
(74 - 114)

(76 - 116)

NOTE (S): _

CakuIlions are performed before roundin to avoid rournid-off eneorn in calculated results.

Okdd print dents umstro paramnctt



LABORATORY CONTROL SAMPLE DATA REPORT

GC/MS Volatiles

CliVent Lot #...: D3J160213

LCS Lot-Sample#: D3J290000-592

Prep Date ...... 0 : 1/27/03

Prep Batch .... : 3302592

Dilution Factor: 1

Work Order t-- : F3PE71AC

Analysis Date-.: 10/27/03

Analysis Time-.: 12:18

Matrix ..... : WATER

PARAMETER

Benzene

Chlorobenzene
I*1-Dichloroethene

Toluene

Trichloroethene

SPIKE

AMOUNT
10.0

10.0
10.0

10.0

10.0

MEASURED
AMOUNT

8.53

8.77

8.96

8.46

9.20

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

PERCENT

RECOVERY
85

88

90

85

92

METHOD
SW846 826GB

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SURROGATE _ -

Dibromofluorowethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Tol]uene-d8

PERCENT

RECOVERY

90
98

101
92

RECOVERY

LIMITS

(76 - 116)

(59 - 129)

(74 - 114)
(76 - 1.16)

NOTH (S): _

Calculatiors are periormed before wundiag to avoid round-oft crrors ii, calculaeed resuhs

bWd prim deiotes ccrvrom parametcrs



MATRIX SPIRE SAMPLE EVAWAlATION REPORT

GC/MS Volatiles

Client Lot I...: D3J160213

MS Lot-Sample f: D3J160213-001

Date Sampled...: 10/14/03 16:20

Prep Date ...... :10/27/03

Prep Batch A ... : 3302592

Dilution Factor: 1

Work Order #.. :

Date Received..:
Analysis Datc-.:

F2NR91C4-MS

F2NR9lCS-MSD

10/16/03

10/27/03

Matrix ......... : WATER

Analysis Time..: 13:33

PARAMETER

Benzene

Chlorobenzene

1,1-Dichloroethene

Toluene

Trichloroethene

PERCENT
RECOVERY

85

87

87
89

93
94
83

86

93
97

RECOVERY

LIMITS
(75 - 116)

(75 - 116)

(77 - 117)

(77 - 11.7)

(67 - 125)
(67 - 125)

(74 - 115)

(74 - 115)
(80 - 123)

(80 - 123)

RPD

RPD LIMITS METHOD

SW846 i
2.5 (0-20) SW846 I

SW846 1

3.0 (0-20) SW846 I

SW846 I

1.0 (0-20) SW846 I
SWB46 f

4.2 (0-20) SW846 I

SW846 I

4.0 (0-20) SW846 I

8260B

8260B

8260B
8260B

8260B

8260B

8260B

8260B

8260B

8260B

SURROGATE
Aibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT

RECOVERY

90

91
94
103

99
102

92
89

RECOVERY

LIMITS
(76 -116)

(76 - 116)

(59 - 129)
(59 - 129)
(74 - 114)
(74 - 114)

(76 - 116)

(76 - 116)

NOTE(S):
CahkIation arc pndormed bdfore riundng to avd round-off errors i calculated resuts.

Bold prinm denucs acrol paraenacts



MAnRIX SPIKE SAMPLE DATA REPORT

GC/MS Volatiles

Client Lot 1%..:
MS Lot-Sample 11:
Date Sampled...:

Prep Date .... :
Prep Batch --- ,:

D3J160213 Work Order i ... : F2NR9lC4-MS

D3JI60213-001 F2NR9lC5-MSD

10/14/03 16:20 Date Received..: 10/16/03

10/27/03 Analysis Date..: 10/27/03

3302592 Analysis Time._: 13:33

Matrix... .. : WATER

Dilution Factor: 1

PARAMETER

Benzene

Chlorobenzene

1,1 -Dichloroethene

Toluene

Trichloroethene

SAMPLE
AMOUNT

ND

ND

ND

ND

ND

ND

SPIKE

AMT
10.0

10.0

10.0

10.0

10.0

10.0

MEASRD

AMOUNT
8.51
8.73

8.68

8.94

9.28

9.38

UNITS

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L
ug/L
ug/L

PERCNT
RECVRY

85
87

87

89

93

94
83

86
93
97

RPD METHOD
SW846 1

2.5 SW846 1

SW846 t

3.0 SW846 I

SW846 I

1.0 S1846 I

SW846 1

4.2 SW846 I

SW846 2
4.0 SW846 I

S260B
3260B

S260B

0260B

8260B

S260B

3260B

3260B

3260B
3260B

ND 10.0 8.26

ND 10.0 8.61
ND 10.0 9.29
ND 10.0 9.67

SURROGATE

Dibromof luoromethane

1,2-Dichloroethane-d4

4- Bromofluorobenzene

Toluene - d8

PERCENT

RECOVERY

90

91

94
103

99

102
92

89

RECOVERY

LIMITS
(76 - 116)

(76 - 116)

(59 - 129)
(59 - 129)

(74 - 114)

(74 - 114)
(76 - 116)
(76 - 116)

Cakubliom are pcrfosmcd before rouriding to avoid round-ol mers in skuhlCUied results.

Bold priam deotes comrol pararmters



METHOD BLANK REPORT

GC/MS Semivolatiles

Client Lot I... : D3J160213

MB J40t-Sample I: D3J200000-438

Analysis Date..: 11/15/03

Dilution Factor: 1

Work Order I_..: F201FlAA

Prep Date._..: 10/20/03
Prep Batch 8...: 3293438

Matrix ..... . : WATER

Analysis Time..: 11:24

REPORTING

LIMIT UNITSPARAMETER RESULT METHOD

Acenaphthene
Acenaphthylene
Acetophenone
2-Acetylaminofluorene
4-Aminobiphenyl
Aniline
Anthracene
Aramite
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzyl alcohol
is(2-Chloroethoxy)
nmethane

bis(2-Chloroethyl)-
ether

bis(2-Ethylhexyl)
phthalate

4-Bromophenyl phenyl
ether

Butyl benzyl phthalate
e Cbloroaniniwne
Chlorobenzilate
4-Chloro-3-methylphenol
2 -Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl

ether

Chrysene
Diallate
Dibenz(a h)anthracene
Dibenzofuran
Di-n-butyl phthalate
1 2-Dichlorobenzene
1, 3-Dichlorobenzene
1,4-Dichlorobenzene
3,3 -Dichlorobenzidine
2,4-Dichlorophenol
2.6-Dichlorophenol

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

10
10
10

100
50

10
10
20

10

10

10

10
10
10
10

ND 10

ND 10

ND 10

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

ug/L
t1c!,,

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SWJ846

SW846

SW846

SW846

SW846

SW846

SW846

SW846 8270C

SW846 8270C

SW846 8270C

8270C

8270C

8270C

8270C

8270C
8270C

8270C
8270C

8270C

8270C

8270C
8270C
8270C

8270C

8270C

ND

Nn)

ND
ND

ND

ND

ND

10
10
10

10
10

10

10

ND

ND
ND

ND
ND

ND

ND

ND
ND

ND

ND

10
20

10

10

10
10

10
10

50

10
10

SW846

SW846

SW846

SW846
SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SWI846

SW846

SW846

SW846

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

6270C
8270C

8270C

8270C

8270C

(Continued on next page)



METHOD BLANK REPORT

GC/MS Semivolatiles

Client Lot j. .: D3J160213 Work order I...: F20lFlAA Matrix. ..----- WATER

PARAMETER

Diethyl phthalate

Dimethoate

7,12-Dimethylbenz(a)-

anthracene

3,3'-Dimethylbenzidine

2,4-Dimethylphenol

Dimethyl phthalate

1,3-Dinitrobenzene

4,6-Dinitro-

2-methylphenol

2,4-Dinitrophenol

2,4-Dinitrotoluene

2,6-Dinitrotoluene

Di-n-octyl phthalate

Diphenylamine

Disulfoton

Ethyl mnethanesulfonate

Fluoranthene

'luorene

.Jexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopenta-
diene

Hexachloroethane

Hexachloropropene

Indeno(1,2,3-cd)pyrene

Isodrin

Isophoro=!

Isosafrole

Methapyrilene

3-Methylcholanthrene

Methyl methanesulfonate

2-Methylnaphthalene

Methyl parathion

2-Methylphenol

3-Methylphenol &

4-Methylphenol

Naphthalene

1,4-Naphthoquinone

l-Naphthylamine

2-Naphthylamine

2-Nitroaniline

3-Nitroaniline

4-Nitroaniline

Nitroben2ene

RESULT

ND

ND

ND

REPORTING

LIMIT

10

20

20

V

ND

ND

ND

ND

ND

20

10

10

10

50

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

50

10

10
10
10

50

10

10

10

10
10

50

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

."g!L

ug/L

ug/L

ug/L

ug/L

ugJL
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Ug/L

uq/L

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

METHOD

SWS46 8270C

SW846 8270C

SW846 8270C

10
100
10

10

10

20

50

20

10

10
50

10
10

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SWS46

SWB46

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

ND

ND

ND

ND

ND

ND

ND

ND

10

50

10

10

50
50

50

10

(Continued on next page)



METHOD BLANR REPORT

GC/MS Semivolatiles

Client Lot I....: D3J160213 Work Order IU...: F201F1AA MaLrix ....... : WATER

PARAMETER RESULT

2 -Nitrophenol
4-Nitrophenol
4-Nitroquinoline-

1-oxide
N-Nitrosodi-n-butylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propyl-

amine
N-Nitrosomethylethylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
5-Nitro-o-toluidine
Parathion
Pentachlorobenzene
Pentachloroethane
9 entachloronitrobenzene
Pentachlorophenol
Phenacetin
Phenanthrene
Phenol

Phorate
2-Picoline
Pronamide
Pyrene
PyriL_.A_
1,2,4,5-Tetrachloro-

benzene
2,3,4,6-Tetrachlorophenol
Thionazin
o-Toluidine
1,2,4-Trichloro-
benzene

2,4,5-Trichloro-
phenol

2,4,6-Trichloro-
phenol

0,0,0- Triethylphosphoro-
thioate

1,3,5-Trinitrobenzene

ND

ND

ND

ND

ND

ND
ND
ND

ND

ND

ND

ND

ND

ND

ND

ND
ND
ND

ND

ND

ND

ND
ND

ND

ND
ND
ND

ND

ND

ND

ND

REPORTING

_LIMIT

10

50
100

10

10
10
10

10

3.0

10

10

10

20
50
10
50
So
50

20

1.0

10

50
20
20
10
20

10

50

10

10

10

UNITS
ug/L

ug/L
ug/L

ug/L

Ug/L

ug/L

ug/L

ug/L
ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

ug/L
ug/L
ugh.,
ug/L

ug/L
ug/L

ug/L
ug/L

ug/L
ug/L

Ug/L

ug/L

ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

METHOD

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C
SW846 8270C

ND 10

ND 10 I

I

I

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

ND 50

ND 50

(Continued on next page)



METHOD BLANK REPORT

GC/MS Semivolatiles

Client Lot I... : D3J160213 Work order i...: F201F1AA Matrix.........: WATER

REPORTING

LIMITPARAMETER RESULT UNITS METHOD

SURROGATE

2-Fluoropheno].

Phenol-d5
Nitrobenzene-d5

2-Fluorobiphenyl

2,4,6-Tribromophenol

Terphenyl-d14

PERCENT
RECOVERY
73

75

76

69

87

85

RECOVERY
LIMITS

(32 - 116)

(40 - 111)

(53 - 107)

(31 - 105)

(42 - 122)

(21 - 125)

NOTR (S) :

Calculastion are performed before rounding to avoid round-off errors in Calul3ted rcsunik



LABORATORY CONTROL. SAMPLE EVALUATION REPORT

GC/MS Semivolatiles

Client Lot 3..-: D3J160213

LCS Lot-Sample#: D3J200000-43B

Prep Date ...... : 10/20/03

Prep Batch f... : 3293438

Dilution Factor: 1

PARAMETER

Acenapbthene

4-Chloro-3-methylphenol

2-Chlorophenol

1,4-Dichlorobenzene
2,4-Dinitrotoluene
4-Nitrophenol

N-Nitrosodi-n-propyl-
amine

Pentachlorophenol

Phenol

Pyrene
1,2,4-Trichloro-

benzene

Work Order 9...: F20F1LAC

Analysis Date..: 11/15/03

Analysis Time-.: 11:49

Matrix ......... : WATER

PERCENT

RECOVERY

74

84
71

54
83

92

81

RECOVERY

LIMITS

(55 - 97)
(59 - 106)

(59 - 105)

(31 - 98)

(57 - 113)

(43 - 118)

151 - 99)

METHOD

SW846 I

SW846 I

SW846 I
SW846 I

SW846 I

SW846 I

SW846 I

SW846 I

SW846 I

SW846 I

SW846 I

3270C

3270C

3270C

327CC

3270C

3270C

3270C

3270C

3270C

3270C

3270C

84

71
82

58

(48

(SS
(51

(36

- 114)

- 106)

- 103)

-. 99)

SURROGATE

2-Fluorophenol

Phenol-d5

Nitrobenzene-d5

2-Fluorobiphenyl
2,4,6-Tribromophenol

Terphenyl-dl4

PERCENT
RECOVERY

72

75

80
73
97

87

RECOVERY

LIMITS
(54 - 105)

(55 - 106)

(58 - 108)

(53 - 97)
(62 - 113)

(55 - 109)

NOTE(S)" .

Caluiadmcs 2 performed before rounding so anvid ierd-off eriors in cakulated results

Bdd print denntcs control paramcwcrs



LABORATORY CONTROL SAMPLE DATA REPORT

GC/MS SemivolaLiles

Client Lot #...: D3J160213

LCS Lot-SampleD: D3J200000-438

Prep Date .......: 10/20/03

Prep Batch 1...: 3293438

Dilution Factor: 1

Work Order #...: F2OlFIAC

Analysis Date..: 11/15/03

Analysis Time..: 11:49

Matrix .. .- : WATER

PARAMETER
Acenaphthene

4-Chloro-3-methylphenol

2-Chlorophenol

1,4-Dichlorobenzene

2,4-Dinitrotoluene

4-Nitrophenol

N-Nitrosodi-n-propyl-
amine

Pentachlorophenol
Phenol

Pyrene
1,2.4-Trichloro-

benzene

SPIKE

AMOUNT

100

150

150

100
100
150
100

150

150

100
100

MEASURED
AMOUNT

73.9

127

106

54.2

82.8

138

80.8

126

106

82.3

57.8

UNITS

ug/L
ug/L

ug/L

ug/L
ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

PERCENT

RECOVERY

74

84

71

54
83

92
81

METHOD

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C
SW846 8270C

SW846 8270C

84

71
82

58

SW846

SW846

SW846
SW846

8270C

8270C
8270C

8270C

SURROGATE

2-Fluorophenol

Phenol-d5
Nitrobenzene-d5
2-Fluorobiphenyl

2,4,6-Tribromophenol

Terphenyl-dl4

PERCENT

RECOVERY
72

75
80

73

97

87

RECOVERY
LIMITS

(54 - 105)

(55 - 106)

(58 - 108)

(53 - 97)

(62 - 113)

(55 - 109)

NOTE(S):
Cakultions are perforned eforMe Fwdifg to aVOd round-off error in clcukeid resulrs

Bdold prfin dces coaureo paraudes



MATRIX SPIKE SAMPLE EVALUATIOR REPORT

GC/MS Semivolatiles

Client Lot C...: D3J160213
1S Lot-Sample I: D3J160213-D0I

Work Order I. -. :

Date Sampled...: 10/14/03

Prep Date ...... : 10/20/03

Prep Batch C...: 3293438

Dilution Factor: 1

16:20 Date Received..:

Analysis Date..:
Analysis Time.:

F2NR9lD8-MS

F2NR9lD9-MSD

10/16/03

11/15/03

20:06

Matrix....... : WATER

PARAMETER

IAcenaphthene

4 -Chloro-3-metbylphenol

2-Chlorophenol

1,4-Dichlorobenzene

2,4-Dinitrotoluene

4-Nitrophenol

N-Bitrosodi-n-propyl-
amine

PERCENT

RECOVERY

72

70

82
83

70
71

57
56

87

86
100

103

51

RECOVERY

LIMITS

(50 - 96)

(50 - 96)
(49 - 102)

(49 - 102)

(49 - 98)

(49 - 98)
(41 - 92)

(41 - 92)

(5]. - 106)

(51 - 106)

(34 - 116)

(34 - 116)
(46 - 101)

RPD
RPD LIMITS METHOD

SW846 8270C

2.8 (0-40) SW846 8270C

SW846 8270C

6.3 (0-40) SW846 8270C

SW846 8270C

6.5 (0-40) SW846 8270C

SW846 8270C

2.9 (0-30) SW846 8270C

SW846 8270C

3.1 (0-40) "11846 8270C

SW846 8270C

7.9 (0-40) SW846 8270C

SW846 8270C

83 (46 - 101) 7.4 (0-40) SW846 8270C

Pentachlorophenol

Phenol

Pyrene

i, 2, rinechlo

benzene

85

85
69
69
78
78
6t

(34

(34

(46
(46

(39

(39
(46

- 116)

- 116)

- 98)
- 98)

- 103)

- 103)
- 92)

SW846

5.4 (0-40) SW846
Sw846

6.0 (0-40) SW846

SW846

5.3 (0-40) S1846

SW846

8270C
8270C

8270C

8270C
8270C
8270C
8270C

63 (46 - 92) 7.0 (0-40) SW846 8270C

SURROGATE

2-Fluorophenol

Phenol-d5

Nitrobenzene-dS

2-Fluorobiphenyl

2,4,6-Tribromophenol

PERCENT

RECOVERY

70

68

73

73

80
83

67

70

95

92

RECOVERY

LIMITS

(32 - 116)

(32 - 116)

(40 - 111)

(40 - 111)

(53 - 107)

(53 - 107)

(31 - 105)

131 - 105)

(42 - 122)

(42 - 122)

(Continued on next page)



MATRIX SPIKE SAMPLE EVALUATION REPORT

GC/MS Semivolatiles

Client Lot I... : D3J160213
MS Lot-Sample I: D3J160213-001

Work Order X -.: F2NR9lD8-MS

F2NR9lD9-MSD

Matrix .----- : WATER

PERCENT

SURROGATE _ RECOVERY

RECOVERY

LIMITS

Terphenyl-d14 81

81

(21 - 125)

(21 - 125)

NOTE(S): _

Cakulations are pcilonaie befcrt rounding mo avoid Tound-4ffer etui ill cakulaced results

acid primi denves cowrol pranciers



MATRIX SPIKE SAMPLE DATA REPORT

GC/MS Semivolatiles

Client Lot ._..: D3J160213

NS Lot-Sample 1: D3J160213-001

Date Sampled ...: 10/14/03 16:21

Prep Date ...... :10/20/03

Prep Batch 1...: 3293438

Dilution Factor: 1

Work Order #...:

0 Date Received..;
Analysis Date..:

Analysis Time..:

F2NR91D8-MS

F2NR91D9-MSD

10/16/03

11/15/03

20:06

Matrix ........ : WATER

SAMPLE SPIKE

AMOUNT ANTPARAMETER

Acenaphthene

4-Chloro-3-methylphenol

2-Chlorophenol

1.4-Dichlorobenzene

2,4-Dinitrotoluene

4-Nitrophenol

N-Nitrosodi-n-propyl-

amine

ND

N)

ND
ND

ND
ND
ND
ND

ND

ND

ND
ND
ND

101

106

152

159
152

1S9

101
106

101

106

152

159

101

11EASRD

AMOUNT

72.8

74.9

125
133

106

113

57.8

59.4
88.2

91.0

152

164

81.5

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L
ug/LT

PERCNT
RECVRY

72

70

82

83

70
71

57
56

87

86

100
103
81

RPD METHOD

SW846 8270C

2.8 SW846 8270C

SW846 8270C

6.3 SW846 8270C

5W846 8270C

6.5 SW846 8270C

SW846 8270C

2.9 SW846 8270C

SW846 8270C

3.1 SW846 8270C

SW846 8270C

7.9 SW846 8270C

SW846 8270C

ND 106 87.8 ug/L 83 7.4 Sff846 8270C

Pentachlorophenol

Phenol

Pyrene

1,2.4-TrichIoro-

benzene

ND 152

ND 159

ND 1S2

ND 159

ND 101

ND 106

ND 101

128

135

104

.11

78.5

82.8
d9 1

ug/L

ug/L

ug/L
ug/L
ug/L

ug/L

lig!L

85
85

69
69
78

78
i1

SW846

5.4 SW846

SW846

6.0 SW846

SW846

5.3 S5846
SW846

8270C

8270C

8270C

B270C

8270C

8270C

e270C

ND 106 66.6 ug/L 63 7.0 Sw846 8270C

SURROGATE

2-Fluorophenol

Phenol-d5

Nitrobenzene-dS

2-Fluorobiphenyl

2,4,6-Tribronophenol

PERCENT

RECOVERY

70

68
73

73
80

83
67
70

95

RECOVERY

LIMITS

(32 - 116)

(32 - 116)

(40 - 111)

(40 - 111)

(53 - 107)

(53 - 107)

(31 - 105)

(31 - 105)

(42 - 122)

(42 - 122)

(Continued on next page)



MATRIX SPIKE SAMPLE DATA REPORT

GC/MS Semivolatiles

Client Lot #*... : D3J160213

MS Lot-Sample t: D3J160213-001

Work Order Z... : F2NR91D8-MS
F2NR9lD9-MSD

Matrix ......... : WATER

PERCENT

SURROGATE RECOVERY

RECOVERY

LIMITS

Terphenyl-d14 81

81

(21 - 125)

(21 - 125)

NOTE (S): _ -

Calcubtioz are performed before ,oandihi to avoid rotud-aof errors in caklbaed sesubs.

Bod prnt denotes co l parameters



METHOD BLANK REPORT

GC Semivolatiles

Client Lot 9...: D3J160213

MB Lot-Sample U: D3J200000-260

Analysis Date..: 10/28/03
Dilution Factor: 1

Work Order #...: F2X701AA

Prep Date ...... : 10/20/03

Prep Batch #1... : 3293260

Matrix ..... : WATER

Analysis Time..: 17:38

REPORTING
LIMITPARAMETER RESULT UNITS METHOD

Aldrin
alpha -BHC
beta-BHC
delta-BSHC
gaimna-BHC (Lindane)
Chlordane (technical)
4,4'-DDD
4,4'-DDE
449'-DDT
Dieldrin
Endrin
Endrin aldehyde
Endosulfan I
Endosulfan II

dosulfan sulfate
-.ptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene

ND

ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND

ND

ND

ND
ND
ND
ND
ND

0.050
0.050
0.050
0.050

0.050
0.50
0.050

0.050
0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.050
0.050
0.10

5.0

Ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L

ug/L
ug/L

SW846
SW846

SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW84 6
SW846
SW846
SW846
SW846
SW846
Sw846
SW846
SW846

8081A
8081A

8081A
8081A
8081A
8081A
808LA
8081A
8081A
8081A
0BBIA
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A

SURROGATE
Decachlorobiphenyl
.leti aciiloic-,,i-xy.B1en

PERCENT
RECOVERY
101
211

RECOVERY
LIMITS
(29 - 125)
f40 - 115)

NOTE (S) :

Cahkubions are peudormet before remnding o avoid round-off erroms n calcugned wesuls



LlMBORATORY CONTROL SAMPLR EVAILAYTION REPORT

GC Semivolatiles

Client Lot I...: D3J160213

LCS Lot-Samplel: D3.3200000-260

Prep Date.....: 10/20/03

Prep Batch i...: 3293260

Dilution Factor: 1

Work Order I ...: F2X701AC Matrix . : WATER

Analysis Date..: 10/28/03

Analysis Time..: 16:40

PARAMETER _

Aldrin

gamma-BBC (Lindane)

4,4'-DDT

Dieldrin

Endrin

Heptachlor

PERCENT

RECOVERY

91

99

94

104
85

92

RECOVERY

LIMITS
(53 - 122)

(72 - 122)

(66 - 138)

(75 - 128)

(64 - 138)

(60 - 126)

METHOD

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A

SURROGATE

Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY

106

SO

RECOVERY

LIMITS

(65 - 137)

(40 - 115)

NOTE(S):
Cakualaiom are perfornned bform romding wo avoid round-off erfors in aiubicd resdu.

Bod pries denoqcs corol parameters



LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot I ... : D3J160213

LCS Lot-Sarmple#: D3J200000-260

Prep Date ... : 10/20/03

Prep Batch #..-: 3293260

Dilution Factor: 1

Work Order #-.--: F2X701AC

Analysis Date..: 10/28/03

Analysis Time..: 16:40

Matrix ..... : WATER

PARAMETER

Aldrin

ganma-BHC (Lindane)

4.4'-DDT
Dieldrin

Endrin
Reptachlor

SURROGATE

Decachlorobiphenyl

Tetrachloro-m-xylene

SPIKE
AMOUNT

0.500

0500

0.500

0.500

0.500

0.500

MEASURED

AMOUNT
0.456

0.493

0.470

0.520

0.426

0.460

UNITS

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

PERCENT

RECOVERY

91

99

94

104
85

92

METHOD

SW846 8081A

SW846 8081T

5W846 8081A

SW846 808]A

Sw846 80D1A

SW846 80B1A

PERCENT

RECOVERY

106

80

RECOVERY

LIMITS

(65 - 137)

(40 - 115)

NOTE (S) :
Caculazior are pterfomed before rounfding to avoid ro -oft enrors in caLculmcd resuts.

t print des conrlol paraneiers



MATRIX SPIKE SAMPLE EVALUATION REPORT

GC Se&ivolatiles

Client Lot At...: D.

MS Lot-Sample #: D:

Date Sampled-..: 1

Prep Date ...... : 1

Prep Batch # .-. : 3:

Di.lution Factor: 1

3J160213

3J160213-001

Work Order I....

0/14/03

0/20,03

293260

16:20 Date Received-.:

Analysis Date..:

Analysis Time..:

F2NR91ED-MS

F2NR9lEE-MSD

10/16/03
10/28/03

17:09

Matrix .. ... : WATER

PARAMETER _ -

Aldrin

gamma-BHC (Lindane)

4,4'-DDT

Dieldrin

Endrin

Heptachlor

PERCENT

RECOVERY

98

90
103

93

120

113

105

99

96

90

101

90

RECOVERY

LIMITS

(53 - 125)

(53 - 125)

(63 - 128)

(63 - 128)

(58 - 147)

(58 - 147)

(75 - 128)

(75 - 128)

(64 - 138)

(64 - 138)

(53 - 133)

(53 - 133)

RPD

RPD LIMITS METHOD

SW846 8081A

8.9 (0-30) SW846 8081A

SW846 8081A

10 (0-30) SW846 8081A

SW846 8081k

7.4 (0-30) SW846 8081A

SW846 80812

7.1 (0-30) SW846 8081A
SW846 8081A

7.6 (0-30) SW846 8081-

SW846 8081A

12 (0-30) SW846 8081A

. .ROGATE _

Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY

98

89

el

100

RECOVERY

LIMITS

(29 - 125)

(29 - 125)

(40 - 115)

(40 - 115)

NOTE(S):

Cakgdatcons are performed before rtunding to avoid round-off errors in calcubted resulrs

Becd print &e-r cevTd -1-2ao.es



MATRIX SPIKE SAMPLE DATA REPORT

GC Semivolatiles

Client Lot .-.. :
MS Lot-Sample #.:
Date Sampled...:
Prep Date ...... :
Prep Batch I...:
Dilution Factor:

D3J160213

D3J160213 -001
10/14/03 16:20

10/20/03

3293260

1

Work Order A...:

Date .Received..:
Analysis Date..:
Analysis Time..:

F2NR91ED-MS
F2NR91EE-MSD

10/16/03

10/28/03
17:09

Matrix........ : WATER

PARAMETER
AldrIn

gammna-BHC (Lindane)

4,4'-DDT

Dieldrin

Endrin

Heptachilor

SAMPLE
AMOUNT
ND

ND

ND

ND

ND
IJD
ND

ND
ND

ND

ND

ND

SPIKE MEASRD

AMT AMOUNT

0.476 0.464

0.473 0.425

0.476 0.490
0.473 0.442
0.476 0.573
0.473 0.532
0.476 0.502

0.473 0.467
0.476 0.457
0.473 0.424
0.476 0.480
0.473 0.428

PERCNT

RECVRY RPD METHODUNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug|L
ug/L
ugtL
ug/L

98
90

103
93
120
113
105
99

96
90

101
90

SW846
8.9 SW846

5S846
10 SW846

SW846
7.4 SW846

SW846
7.1 SW846

SN846
7.6 SW846

SW846
12 SW846

8081A
808RA
808lA
808lA
808lA
808Th
8081A
808lA
8081A

8081A
8081A

JRROGATE
Decachlorobiphenyl

PERCENT

RECOVERY
98
89
81
100

RECOVERY
LIMITS

(29 - 125)

(29 - 125)

(40 - 115)

(40 - 115)
Tetrachloro-m-xylene

NOTE (S) :
Czkuia1ions are performed before rowAing to avoid muid-oif erors in cakcuated restdts

fSva I,-.o ...sr.j1e e cogarce MUasr :L



METHOD BLANK REPORT

GC Semivolatiles

Client Lot Z...: D3J160213

MB Lot-Sample I: D3J200000-236

Analysis Date--: 10/28/03

Dilution Factor: 1

Work Order I...: F2X6D1AA

Prep Date ...... 0 : 1/20/03

Prep Batch #...: 3293236

Matrix .... .: WATER

Analysis Time..: 21:29

PARAMETER
Aroclor 1016

Aroclor 1221

Aroclor 1232

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

RESULT

ND

ND
ND
ND

ND
ND
ND

REPORTING

LIMIT

1.0
1.0

1.0

1.0
1.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

METHOD

SW846 8082

SW846 8082
SW846 8082

SW846 8082
SW846 8082

SW846 8082

SW846 8082

1.0

1.0

SURROGATE

Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT
RECOVERY

106
114

RECOVERY

LIMITS

(52 - 160)

(37 - 144)

NOTE(S):
Calculthionx are performed before roudmig e avoid iound-off etTors in caictined results



LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot N...: D3J160213

LCS Lot-Samplel: D3J200000-236

Prep Date ...... : 10/20/03

Prep Batch 1... : 3293236

Dilution Factor: 1

Work Order I. -: F2X6D1AC

Analysis Date..: 10/28/03

Analysis Time..: 21:51

matrix. : WATER

PARAMETER

Aroclor 1016

Aroclor 1260

PERCENT

RECOVERY

113

126 a

RECOVERY

LIMITS

(56 - 124)

(64 - 120)

METHOD

SW846 8082

SWB46 8082

SURROGATE

Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY

96
119

RECOVERY

LIMITS

(52 - 127)

(61 - 128)

NOIEC(S):
Calculatuons Ue pcifldrmcd before rouWing tc arvid rnunrdff errors in cakulatd iesultS.

SWd print deors cotxrol parametrs

a Spiked aut)e rewocry is muisidc sated cemnrol limits



LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot I..: D3J160213

LCS Lot-Samplel: D3J200000-236

Prep Date ...... : 10/20/03

Prep Batch I...: 3293236

Dilution Factor: 1

Work Order N...: F2X6D1AC

Analysis Date..: 10/28/03

Analysis Time..: 21:51

Matrix ....... : WATER

PARAMETER
Aroclor 1016

Aroclor 1260

SPIKE

AMOUNT

2.00

2.00

MEASURED

AMOUNT
2.26

2.52 a

UNITS

ugtL

ug/L

PERCENT

RECOVERY

113

126

METHOD

SW846 8082

SW846 8082

SURROGATE

Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY
96
119

RECOVERY

LIMITS
(52 - 127)

(61 - 128)

NOTE(S):
Calcubiaom arc pertonmed before rawahng to avmd rrmWd-off crrems in catkulated results.

Dldd prht dcnmes cmttrd per2metcrs

a Spiked aral)te trcovery is eitside swed mtorol limits.



MATRIX SPIKE SAMPLE EVALUTION RREPORT

GC Scmivolatiles

Client Lot I...:
I M Lot-Sample i:
Date Sampled...:

Prep Date ...... :

Prep Batch V...:

Dilution Factor:

D3JI60213
D3J160213-001

10/14/03 16:20

10/20/03

3293236

1

Work Order I...: F2NR91EA-MS

F2NR91EC-MSD

Date Received..: 10/16/03

Analysis Date..: 10/28/03

Analysis Time..: 22:35

Matrix........: WATER

PARAMETER

Aroclor 1016

Aroclor 1260

PERCENT
RECOVERY

109
108

108

105

RECOVERY
LIMITS

(57 - 135)
(57 - 135)

(55 - 130)

(55 - 130)

RPD

RPD LIMITS METHOD

SW846 8082

0.28 (0-30) SW846 8082

SW846 8082

3.3 (0-30) SW846 8082

SURROGATE
Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY
102

99
115
107

RECOVERY

LIMITS
(52 - 160)

(52 - 160)

(37 - 144)

(37 - 144)

NOTE(S): _

Calculafios are perfcrmed bforc rounding to avoid rnund-Off errors in calculated resuls.

)1 prind dame s CoatroT paramtcrs



MATRIX SPIKE SAMPLE DATA REPORT

CC Semivolatiles

Client Lot I--.:
MS Lot-Sample U:

Date Sampled...:

Prep Date....:
Prep Batch #.-.:

Dilution Factor:

D3J160213 I

D3J160213-001

10/14/03 16:20 1

10/20/03 J

3293236 j

Work Order #...:

Date Received..:

Analysis Date..:
Analysis Time..:

F2NR91EA-MS

F2NR91EC-MSD

10/16/03
10/28/03

22:35

Matrix ......... : WATER

PARAMETER

Aroclor 1016

Aroclor 1260

SAMPLE SPIKE

AMOUNT AMr

ND 1.89

ND 1.90

ND 1.89

ND 1.90

MEASRD

AMOUNT

2.06

2.05
2.05

1.99

UNITS

ug/L

ug/L
ug/L

ug/L

PERCNT

RECVRY

109

108

108
105

RPD METHOD

SW846 8082

0.28 SW846 8082

SW846 8082

3.3 SW846 8082

SURROGATE
Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY

102

99

115

107

RECOVERY
LIMITS
(52 - 160)

(52 - 160)

(37 - 144)

(37 - 144)

NOTE(S):

'*iaiotgs are perfeormed bceore wmunding to a*oid roundoff etmors in calculbad resulks.

j prim denotes control paramiets



METHOD BLANK REPORT

GC Semivolatiles

Client Lot #...: D33160213

ME Lot-Sample i: D3J210000-207

Analysis Date..: 11/05/03

Dilution Factor: 1

Work Order #...: F22GQ1AA

Prep Date ...... : 10/21/03

Prep Batch _...: 3294207

Matrix ..... : WATER

Analysis Tine..: 11:57

REPORTING

LIMITPARAMETER RESULT

Azinphos-methyl

Bolstar

Chlorpyrifos

Coumaphos

Demeton (total)

Diazinon

Dichlorvos

Dimethoate
Disulfoton

Ethoprop
Ethyl parathion

Famphur
Fensulfothion

Fenthion

Malathion

phos

Methyl parathion

Mevinphos

Naled

0,0,O-Triethylphosphoro-

thioate

Phorate

Ronnel
Sulfotepp

Thionazin

Tokuthion

Trichloronate

EPN

Demeton-O
Demeton-S

Tetrachlorvinphos (Stirop

ND
ND

ND
ND
ND

ND

ND

ND

ND

ND
ND

ND
ND

ND
ND

ND

ND

ND
ND
ND

2.5

0.50

0.50
0.50

1.0

0.50

0.50

0.50

0.50
0.50
0.50

1.0

2.5

0.50

1.2
5.0

0.50

6.2
10

0.50

UNITS

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L
ug/L

uig/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
1,JI/L

ug/L

ug/L

ug/L

ug/L

Iug/L

ug/L
ug/L

METHOD
SW846 8141A

SW846

SW846
SW846

SW846

SW846

SW846

SWS46

SWB46

SW846

SWB46

SW846

SW846

SW846
SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

8141A

8141A

8141A

814LA;

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A
8141A

814 1A

8141A

8141A

814 1A

8141A

8141A

8141A

8141A

8141A

8141A

ND
ND
ND
ND

ND

ND

ND

ND

ND

ND

0 50
10
0 50

0.50

0.50
0.50
0.50
1.0
1.0
2.5

SURROGATE

Chlormefos

Ethyl Pirimifos

PERCENT

RECOVERY

76

30

RECOVERY

LIMITS

(49 - 105)

(20 - 121)

NOTE(S): _

Calculations are pvfurtnied heforc rounding to avoid round-off errors in calculared "rstius



LABORATORY CONTROL SAMPLE EVALUtATION REPORT

GC Semivolatiles

Client Lot i... : D3J160213

LCS Lot-Sample#: D3J210000-207

Prep Date. .- : 10/21/03

Prep Batch I...: 3294207

Dilution Factor: I

Work Order # ... : F22GQIAC-LCS Matrix ........... WATER

F22GQ1AD-LCSD

Analysis Date. .: 11/05/03

Analysis Time-.: 12:30

PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

PERCENT
RECOVERY

32

88 p

42 a
82 p

36 a

73 p

30 a

63 p

40 a
80 p

42 a
85 p

RECOVERY
LIMITS

(20 - 107)

(20 - 107)

(58 - 108)

(58 - 108)

(62 - 118)

(62 - llB)
(33 - 109)

(33 - 109)
(50 - 127)

(50 - 127)

(54 - 101)

(54 - 101)

RPD

RPD

94

65

68

71

65

67

LIMITS METHOD
SW846 8141A

(0-40) SW846 8141A

SW846 8141A

(0-40) SW846 8141A

SW846 8141A

(0-40) SW846 8141A

SW846 8141A

(0-40) SW846 8141A

SW846 8141R

(0-40) SW846 8141A

SW846 8141A

(0-40) SW846 8141A

SURROGATE
Chlormefos

Ethyl Pirimifos

PERCENT
RECOVERY
44 *
82

30

90

RECOVERY
LIMITS

(49 - 105)

(49 - 105)

(20 - 123)

(20 - 121)

NOTE (S):

Calculations are perfonned befoie rounding to asvoid round-A errocs in calculAcd r*sulis

Bold print denots corarol paramcters

p Relative peTcCIK diflerencm (f.PD) is mrdie siac4 " -d limit!

* Surrepte rCCoMy is ouiside stated *ood limits.

a Spked awlyie tecoyery is wrside stated Control liuits.



LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot . .-: D3J160213

LCS Lot-Samplel: D3J210000-207

Prep Date.... : 10/21/03

Prep Batch A...: 3294207
Dilution Factor: 1

Work Order # ....: F22GQ1AC-LCS Matrix ......... : WATER

F22GQIAD-LCSD

Analysis Date -: 11/05/03

Analysis Time..: 12:30 0

SPIKE MEASURED PERCENT
PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Halathion

Methyl parathion

Phorate

AMOUNT

2.00

2.00

2.00
2.00
2.00

2.00

2.00

2.00

2.00

2.00

2.00
2.00

AMOUNT

0.636
1.76 p

0.844 a

1.65 p
0.718 a

1.46 p

0.600 a

1.26 p

0.806 a

1.59 p
0.848 a

1.70 p

UNITS RECOVERY

ug/L 32

ug/L

ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

Ug/L
ug/L
ug/L

88

42

82

36
73

30

63

40

80
42

85

RPD METHOD

SW846 81413.
94 SW846 8141A

SW846 8141A

65 SW846 8141k

SW846 8141A

68 SW846 8141A

SW846 8141k

71 SW846 8141A

SW846 8141k

65 SW846 8141A
SW846 8141A

67 * _W846 8141A

SURROGATE

Chlormefos

Ethyl Pirimifos

PERCENT

RECOVERY

44 *
81

30

90

RECOVERY

LIMITS

(49 - 105)

(49 - 105)

(20 - 121)

(20 - 121)

NOTE (S):
Cakulaions arc performed befoic rnding au avoid sound-off rrrors n calcula:ed results

Mdo prirt denotes cuntrd paramnctcrs

p Relative percent diffrenrce MRPD) is ouisids sated corwrol limiis

I Surrogate recovery is outside stated control limits.

a Spiled aalyzc recovery is oedsirk sated control limits.



MATRIX SPIKE SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot .. : D:

MS Lot-Sample 1: D.

Date Sampled.-.: 1±

Prep Date... :1i

Prep Batch t .. : 3:
Dilution Factor: 1

3J160213

3J150262-001

Work Order #. -- : F2LGFLA5-MS
F2LGF'AS-MSD

Matrix. .-- : WATER

D/14/03

0/21/03

294207

08:00 Date Received-.: 10/15/03

Analysis Date..: 11/05/03

Analysis Time..: 17:5]

PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

PERCENT
RECOVERY

69

7B

71
74

76

79
76

79

84
87

79

78

RECOVERY

LIMITS

(20 - 107)

(20 - 107)

(58 - 108)

(58 - 108)

(62 -- 118)

(62 - 118)

(33 - 109)

(33 - 109)

(50 - 127)

(50 - 127)

(54 - 101)

(54 - 101)

RPD

RPD LIMITS METHOD
SW846 8141A

14 (0-40) 51846 814LA

SW846 8141A

5.8 (0-40) SW846 8141A

SW846 8141A

4.2 (0-40) SW846 8141A

SW846 8141A

4.4 (0-40) SW846 8141A

SW846 8141A

2.8 (0-40) SW846 8141A

SW846 8141A

1.0 (0-40) SW846 8141A

RROGATE

:Axlormef os

Ethyl Pirimifos

PERCENT

RECOVERY

81

85

69
74

RECOVERY
LIMITS

(49 - 105)
(49 - 105)
(20 - 121)

(20 - 121)

NOTE (S):
Calculations arc performed before ronding to avoid round-aft errors in calculated tesults.

Bold prim denotes camrol parameters



MATRIX SPIKE SAMPLE DATA REPORT

GC Semivolatiles

Client Lot # .. :

MS Lot--Sample 4:

Date Sampled.. :

Prep Date ...... :

Prep Batch #...:

Dilution Factor:

D3J160213
D3J150262-001

10/14/03 08:00

10/21/03

3294207

Work Order #-..:

Date Received..:

Analysis Date..:

Analysis Ti..:

F2LGF1A5-MS

F2LGF1A6-MSD

10/15/03
11/05/03

17:51

Matrix ..... : WATER

PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Halathion

Methyl parathion

Phorate

SAMPLE
AMOUNT
ED

ND

ND
ND

ND

ND

ND

ND
ND

ND

ND

ND

SPIKE

AMT

1.88

1.89

1.88

1.89

1.88

1.89

1.88

1.89

1.88

1.89

1.88

1.89

MEASRD
AMOUNT

1.29

1.48

1.33

1.41

1.43

1.49

1.44

1.50
1.59

1.63

1.48
1.46

UNITS
ug/L

ug/L ,

ugJL
ug/L

ug/L

ug/L

ug/L
ug/L
ug/.
ug/L

ug/L

ug/L

PERCNT
RECVRY

69

78

71

74

76

79

76

79

84
87

79

76

RPD MET1IOD
SW846 8141A

14 SW846 814Th

SW846 8141A

5.8 SW846 8141h

SW846 8143h

4.2 SW846 8141T

SW846 814TL

4.4 SW846 8141A

SW846 8141A

2.8 SW846 8141A

SW846 8141A

1.0 SW846 8141A

ROGATE
Cftlormefos

PERCENT

RECOVERY

81

85

69
74

RECOVERY

LIMITS

(49 - 105)

(49 - 105)

(20 - 121)

(20 - 121)
Ethyl Pirimifos

NOTE(S):

Calcubuions ate pcrfownted before rawwding so avd round-oft errors in cakulatat teSults

Bold prim dewnes coerdl pr:otemrs



MATRIX SPIKE SAMPLE EVALUATION REPORT

GC Senivolatiles

Client Lot I.. :

MS Lot-Sample I:
Date Sampled. :

Prep Date ...... :
Prep Batch ... :
Dilution Factor:

D3J160213
D3J160213-001

Work Order #. :-

10/14/03
10/21/03
3294207
1

16:20 Date Received..:

Analysis Date-.:

Analysis Time..:

F2NR91EF-MS

F2NR91EG-MSD

10/16/03

11/05/03
14:09

Matrix. ......... : WATER

PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

PERCENT

RECOVERY

40

27

64
73
62
69

45

54

61

68

58

57

RECOVERY
LIMITS

(20 - 107)

(20 - 107)

(58 - 108)

(58 - 108)

(62 - 118)
(62 - 118)
(33 - 109)

(33 - 109)

(50 - 127)

(50 - 127)

(54 - 101)

(54 - 101)

RPD

RPD LIMITS METHOD

SW846
38 (0-40) SW846

SW846
13 (0-40) SW846

SW846
10 (0-40) SW846

SW846

16 (0-40) SW846

SW846

12 (0-40) SW846

8141A

8141A
8141A

8141A

8141A
8141A

8141A

8141A
8141A

8141A

SW846 8141A
S3846 8141A0.82 (0-40)

RROGATE
chlormefos

PERCENT
RECOVERY

60
69

64

73

RECOVERY

LIMITS
(49 - 105)
(49 - 105)

(20 - 121)

(20 - 121)
Ethyl Pirimifos

NOTE(S):

Cakidations arc perfornncd WEmoe rounkding to aoid rfmXd.ff errors in calculaled rrsuhs.

Bdld priu tnkocs conrod panneors



MATRIX SPIKE SAMPLE DATA REPORT

GC Semivolatiles

Client Lot Y..:

MS Lot-Sample #:
Date Sampled...:
Prep Date.....:
Prep Batch I...:
Dilution Factor:

D3J160213 Work Order I ... : F2NR91EF-MS

D3J160213-00] F2NR91EG-MSD

10/14/03 16:20 Date Received..: 10/16/03

10/21/03 Analysis Date..: 11/05/03

3294207 Analysis Time..: 14:09

1

Matrix ......... : WATER

PARAMETER
Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

SAMPLE

AMOUNT
HD
ND

ND

ND

ND

RD

ND

ND
IJD
ND
ND
ND

SPIKE

AMT
1.89
1.90

1.89

1.90

1.89

1.90

1.89

1.90
1.89
1.90
1.89

1.90

MEASRD

AMOUNT
0.764
0.518

1.22

1.39

1.18

1.31

0.862
1.02
1.15
1.29
1.09
1.08

PERCNT

UNITS RECVRY

ug/L 40

ug/L 27

ug/L 64
ug/L 73

ug/L 62

ug/L 69

ug/L 45

ug/L 54

UgJL 61
ug/L G8

ug/L 58
ug/L 57

RPD METHOD
SW846 8141A

38 SW846 8141A
SW846 8141-A

13 SW846 8141A
SW846 8141A

10 SW846 8141A

SW846 8141A

16 SW846 8141A
SW846 8141A

12 SW846 814-1A
SW846 8141A

0.82 SW846 8141A

.ROGATE

Chlormefos

PERCENT

RECOVERY

60

69
64

73

RECOVERY

LIMITS
(49 - 105)

(49 - 105)
(20 - 121)
(20 - 121)

Ethyl Pirimifos

N07E (S) :
Cakladions are performed before ewuring to avoid round-cU errors in cakvlted reiks

BOd -,i;. denses cewal parameters



METIOD BLANK REPORT

TOTAL Metals

'lient Lot #.-.: D3J160213 Matrix ........ : WATER

REPORTING

LIMIT UNITS

PREPARATION- WORK

ANALYSIS DATE ORDER iPARAMETER RESULT METHOD

MB Lot-Sample
Mercury

MB Lot-Sample

Aluminum

#: D3J170000-479 Prep Batch I-..: 3290479
ND 0.20 ug/L SW846 7470A

Dilution Factor: 1

Analysis Time..: 12:56

#: D3J180000-152 Prep Batch U...: 3291152

30 B 100 ug/L SW846 6010B

Dilution Factor: 1
Analysis Time..: 17:15

10/22-10/23/03 F2TWN1AA

10/23-10/24/03 F2XEF1AC

Antimony

Arsenic

irium

ND

ND

ND

10 ug/L

Dilution Factor: 1

Analysis Time..: 20:06

15 ug/L

Dilution Factor: I

Analysis Time..: 20:06

10 ug/L

Dilution Factor: 1

Analysis Time..: 20:06

SW846 6010B

SW846 6010B

SW846 6010B

10/23-10/24/03 F2XEF1AT

10/23-10/24/03 F2XEF1AD

10/23-10/24/03 F2XEFLAE

Beryllium ND 5.0

Dilution

Analysi s

ug/L

Factor: 1

Time..: 20:06

SW846 6010B 10/23-10/24/03 F2XEF1AF

Baron ND

Cadmium

Chromium

Cobalt

ND

ND

ND

100 ug/L
Dilution Factcr: 1
Analysis Time..: 17:15

5.0 ug/L

Diluzion Factor: 1

Analysis Time..: 20:06

10 ug/L

Dilution Factor: I

Analysis Time..: 20:06

10 ug/L

Dilution Factor: I

Ana2ysis Time..: 20:06

S!.184E5 Ef ICI

SW846 6010B

SW846 6010B

SW846 6010B

10!23-.!c!2./C3 F2XEF1A.G

10/23-10/24/03 F2XEF1AH

10/23-10/24/03 F2XEP1AK

10/23-10/24/03 F2XEF1AJ

(Cont.inued on next page)



MMWIOD BLANK REPORT

TOTAL Metals

'lient Lot #...: D3J160213 Matrix ...... : WATER

PARAMETER
Copper

RESULT

1.3 B

REPORTING
LIMIT UNITS

10 ug/L

Dilution Factor: I
Analysis Time..: 20:06.

METHOD
SWB46 6010B

PREPARATION-
ANALYSIS DATE
10/23-10/24/03

WORK

ORDER #
F2XEFIAL

Iron ND 100 ug/L
Dilution Factor: 1

Analysis Time..: 17:15

3.0 ug/L

Dilution Factor: 1

* Analysis Time..: 20:06

SW846 6010B

SW846 6010B

10/23-10/24/03 F2XEFLAM

10/23-10/24/03 F2XEF1ARLead ND

Manganese

Molybdenum

Nickel

ND

ND

ND

10

Dilution

Analys±5

20

Dilution

Analysis

40

Dilution

Analysis

ug/L
Factor: 1
Time..: 20:06

ug/L

Factor: 1
Time..: 20:06

ug/L

Factor: 1

Time..: 20:06

SW846 6010B

SW846 6010B

SW846 6010B

1C/23-10/24/03 F2XEF1AN

10/23-10/24/03 F2XEFlAP

10/23-10/24/03 F2XEF1AQ

Selenium

Silver

Thallium

Zinc

ND

ND

ND

ND

15 ug/L

Dilution Factor: 1

Analysis Time..: 20:06

10 ug/L

Dilution Factori I

Analysis Time..: 20:06

10 ug/L

Dilution Factor: I

Analysis Time..: 20:06

20 ug/L

Dilution Factor: 1

Analysis Time..: 20:06

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

10/23-10/24/03 F2XEF1AU

10/23-10/24/03 F2XEF1AA

10/23-10/24/03 F2XEFlAV

10/23-10/24/03 F2XEFlAW

NOTE (S):
Calkuatioi are perforted before runedin so aid wowd-off ernts m caklcAed resuks.
B Esuimited fesuj. Rnh is tlss dan RL.



LABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Lot-Sample I ... : D3J160213 Matrix ..... : WATER

PARAMETER
Aluminum

PERCENT

RECOVERY
97

100

RECOVERY RPD

LIMITS RPD LIMITS

(86 - 108)
(86 - 108) 3.0 (0-20)

Dilution Factor: I

Antimony 99

101

Arsenic

Barium

Beryllium

100

103

104

107

99
102

(88 - 108)

(B8 - 108) 2.5 (0-20)

Dilution Factor: 1

(89 - 109)
(89 - 109) 2.4 (0-20)

Dilution Factor; I

(93 - 113)

(93 - 113) 2.5 (0-20)

Dilution Factor: I

(88 - 112)
(88 - 112) 3.1 (0-20)

Dilution Factor: 1

METHOD

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

PREPARATION- PREP-

ANALYSIS DATE BATCH #

10/23-10/24/03 3291152

10123-10/24/03 3291152

17:20

10/23-10/24/03 3291152

10123-10124/03 3291152

20:11

10/23-10/24/03 3291152
10/23-10/24/03 3291152

20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

20:11

10/23-10/24/03 3291152
10/23-10/24/03 3291152

20-11

Boron 96

97

(89 - 110)

(89 - 110) 1.1 (0-20)

Dilution Factor: i

SW846 6010B

SW846 6010B

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Analysis Time..: 11:20

Cadmium 101

104

(89 - 110)

(89 - 110) 3.3 (0-20)

Dilution Factor: 1

(89 - 112)

(89 - 112) 3.1 (0-20)
Dilution Factor: 1

SW846 6010B 10l

SW846 6010B 10l

Analysis Time..: 20:11

SW846 6010B 10/

SW846 6010B 10/

Analysis Time..: 20:11

'23-10/24/03 3291152

'23-10/24/03 3291152

'23-10/24/03 3291152

'23-10/24/03 3291152

Chromium 103

106

Cobalt

Copper

100

103

101
104

(86 - 107)

(86 - 107) 2.8 (0-20)

Dilution Factor: 1

(86 - 110)

(86 - 110) 2.7 (0-20)
Dilutior Factor: I

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B
Analysis Time..:

10/23-10/24/03 3291152

10/23-10/24/03 3291152

20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152
20:11

(Continued on next page)



LZBORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Lot-Sample I ... : D3J160213 Matrix ......... : WATER

PARAMETER
Iron

PERCENT

RECOVERY
96

97

Lead 101

104

RECOVERY RPD
LIMITS RPD LIMITS

(88 - 110)

(88 - 110) 1.5 (0-20)

Dilution Factor: 2

(91 - .11)

(91 - 111) 3.1 (0-20)

Dilution Factor: 1

(90 - 110)

(90 - 110) 2.7 (0-20)

Dilution Factor: 1

PREPARATION- PREP-

METHOD ANALYSIS DATE BATCH #

SW846 6010B 10/23-10/24/03 3291152

SW846 6010B 10/23-10/24/03 3291152

Analysis Time..: 17:20

SW846 6010B 10/23-10/24/03 3291152

SW846 6010B 10/23-10/24/03 3291152

Analysis Time.. : 20:11

SW846 6010B 10/23-10/24/03 3291152

SW846 60108 10/23-10/24/03 3291152
Analysis Time..: 20:11

manganese 102
105

Molybdenum

Nickel

99
102

100
103

(83 - 109)

(83 - 109) 2.8 (0-20)

Dilution Factor: I

(90 - 110)

(90 - 110) 2.6 (0-20)
Dilution Factor: 1

(88 - 110)

(88 - 110) 2.8 (0-20)

Dilution Factor: I

(85 - 114)

(85 - 114) 2.8 (0-20)

Dilution Factor: I

SW846 6010B 10/23-10/24/03 3291152

SW846 6010B 10/23-10/24/03 3291152

Analysis Time..: 20:11

SW846 6010B 10/23-10/24/03 3291152

SW846 6010B 10/23-10/24/03 3291152

Analysis Time..: 20:11

SW846 6010B 10/23-10/24/03 3291152

SW846 6010B 10/23-10/24/03 3291152

Analysis Time..: 20:11

SW846 6010B 10/23-10/24/03 3291152
SW846 6010B 10/23-10/24/03 3291152

Analysis Time..: 20:11

selenium 98

101

Silver 100
103

Thallium 99

101

(88 - 108)

(88 - 108) 2.5 (0-20)
Dilution Factor: 1

(85 - 1101

(85 - 110) 3.0 (0-20)

Dilution Factor: 1

SW846 6010B
SW846 6010B

Analysis Time..:

SW846 6010B
SW846 6010B

Analysis Time..:

10/23-10/24/03 3291152

10/23-10/24/03 3291152

20:11

10/23-10/24/03 3291152
10/23-10/24/03 3291152

20:11

Zinc 96
99

NOTE(S): _

Cakulations are performed before romaing teo avoid wolud f rrios is alculatel tcsuls.



LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Lot-Sample A. ..: D3J160213 Matrix ..... : WATER

PARAMETER

Aluminum

SPIKE

AMOUNT

2000

2000

MEASURED PERCNT
AMOUNT UNITS RECVRY

1940 ug/L 97

1990 ug/L 100
Dilution Factor: 1

RPD METHOD

SW846 6010B

3.0 SW846 6010B

Analysis Time. : 17:20

PREPARATION- PREP

ANALYSIS DATE BATCH #

10/23-10/24/03 3291152
10/23-10/24/03 3291152

Antimony 500 495

500 507

ug/L 99

ug/L 101

Dilution Factor: I

SW846 6010B

2.5 SW846 6010B

Analysis Time..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Arsenic

Barium

2000 2000 ug/L 100

2000 2050 ug/L 103

Dilution Factor: 1

2000 2090 u9/L 104

2000 2140 ug/L 107

Dilution Factor: 1

SW846

2.4 SW846

Analysis

SW846

2.5 SW846

Analysis

SW846

3.1 SW846

Analysis

6010B

6010B

Time..: 20:11

6010B

6010B

Time..: 20:11

6010B

6010B

Time..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Beryllium 50-0 49.6 ug/L
50.0 51.2 ug/L

Di l uton

99
102

Factor: 1

Jhoron 1000 956
1000 966

ug/L

ug/L

Dilution

96

97
Factor: I

SW846 6010B

1.1 SW846 6010B

Analysis Time..: 17:20

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Cadmium 50.0 50.4 ug/L

50 0 52.1 ug/L

Dilution

101

1 04

Factor: I

SW846 6010B

3.3 SW846 6010B

Analysis Time.. 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Chromium 200

200

205

212

ug/L 103
ug/L 106

Dilution Factor: 1

SW846 6010B

3.1 SW846 6010B

Analysis Time..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Cobalt 500 500

500 514

ug/L 100

ug/L 103

Dilution Factor: 1

SW846 6010B

2-8 SW846 6010B

Analysis Time..: 20:11

10/23-10/24/03 3291152
10/23-10/24/03 3291152

Copper 250 254

250 261

ug/L

ug/L

Dilution

101

104

Factor: 1

SW846 6010B

2.7 SW846 6010B

Aralysis Time..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

(Continued on next page)



LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Lot-Sample Y...: D3J160213 Matrix .......... WATER

SPIKE MEASURED PERCNT

PARAMETER AMOUNT AMOUNT UNITS RECVRY

Iron 1000 955 ug/L 96

1000 .970 ug/L 97

Dilution Factor: I

PREPARATION- PREP

RPD METHOD

SW846 6010B

1.5 SW846 6010B

Analysis Time..: 17:20

ANALYSIS DATE

10/23-10/24/03

10/23-10/24/03

BATCH f

3291152

3291152

Lead 500 504

500 521

Manganese 500 510

500 525

ug/L

ug/L

Dilution

ug/L

ug/L

Dilution

101

104

Factor: I

102

105

Factor: 1

SW846 6010B

3.1 SW846 6010B

Analysic Time..: 20:11

SW846 6010B

2.7 SW846 6010B

Analysis Time..: 20:11

10/23-10/24/03 3291152

10123-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24103 3291152

Molybdenum 1000 993 ug/L

1000 1020 ug/L

Di lutior.

99
102

Factor: I

SW846 6010B

2.8 SW846 6010B

AnalyS
4

s Time..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Nickel 500 500

500 513

ug/L

ug/L

Dilution

100

103
Factor: I

SW846

2.6 SW846

Analysis

6010B

6010B

Tlme..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Selenium 2000 1970

2000 2020

ug/L 98

ug/L 101
Dilution Factor: 1

SW846

2.8 SW846

Analysis

60108

6010B

TIme..: 20:11

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Silver 50.0 49.9 ug/L
50.0 51.3 ug/L

Dilution

T.hallium 2000 1980 ug/L

2000 2030 ug/L

Dilution

100

103

Factor: I

99

101

Factor: I

96

99

Factox: I

SW846 6010B

2.8 SW846 6010B

Analysis Time..: 20:11

SW846 6010B

2.5 SW846 6010B

Analysis Time..: 20:11

SW846 6010B

3.0 SW846 6010B

Analysis Time..: 20:21

10/23-10/24/03 3291152

10/23-20/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

10/23-10/24/03 3291152

Z inc SOO 479

500 494

ug/L
ug/L

Dilution

NOTE(S3:

Cainukiow are pclforned lcfore rounding to avoid lound-off errors ir cakulatd results



LABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot S...: D3J160213 Matrix ..... : WATER

PERCENT RECOVERY

RECOVERY LIMITSPARAMETER METHOD

PREPARATION-

ANALYSIS DATE WORK ORDER #

LCS Lot-Sample#: D3J170000-479 Prep Batch #...: 3290479

Mercury 101 (84 - 114) SW846 7470A 10/22-10/23/03 F2TWNlAC

Dilution Factor: 1 Analysis Time..: 12:58

NOTE (S) :

Calidations are perfor ned before Founding lo avid rnund-otf errors in calculated resUlts



LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Client Lot I..: D3J160213 Matrix ..... : WATER

SPIKE MEASURED PERCNT

PARAMETER AMOUNT AMOUNT UNITS RECVRY

PREPARATION- WORK

METHOD _ ANALYSIS DATE ORDER #

LCS Lot-Sample#: D3J170000-479 Prep Batch i... 3290479

Mercury 5.00 5.04 ug/L 101 SW846 7470A 10/22-10/23/03 F2TWN1AC

Dilution Factor: 1 Analysis Time-.: 12:58

NOTE( S):

C2iCu1aticnS BIe pmfomed bcfore roujfixg to avowd rn-off errors in ak-ubed rewlas.



MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

.lient Lot I...: D3J160213

Date Sampled...: 10/07/03 12:00 Date Received..: 10/08/03

PERCENT RECOVERY RPD
PARAMETER RECOVERY LIMITS RPD LIMITS METHOD

Matrix ..... : WATER

PREPARATION- WORK

ANALYSIS DATE ORDER N

MS Lot-Sample I:
Barium 102

101

D3J080173-004 Prep Batch :..-: 3251152

(85 - 120) SW846 6010B

(85 - 120) 0.46 (0-25) SW846 6010B

Dilution Factor: I
Analysis Time..: 18:07

(79 - 121) SW846 6010B
(79 - 121) 2.3 (0-25) Si846 6010B

Dilution Factor: 1
Ana'ysis Time..: 18:07

10/23-10/25/03 F13CMlCN

10/23-10/25/03 F13CMlCP

10/23-10/25/03 F13CM1CQ

10/23-10/25/03 F13CM1CR

Beryllium 94

92

NOTEIS):

Cakulaiioou are performcd before iouing to avoid rournd-off errors in calculbted rsulks



MATRIX SPIRE SAMPLE DATA REPORT

TOTAL Metals

.-ient Lot A..-: D3J160213

Date Sampled...: 10/07/03 12:00 Date Received..: 10/08/03

Matrix. .-: WATER

SAMPLE SPIKE MEASRD PERCNT PREPARATION- WORK
PARAM-ETER AMOUNT AMT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE ORDER #

MS Lot-Sample #: D3J080173-004 Prep Batch B...: 3291152

Barium

12 2000 2050 ug/L

12 2000 2040 ug/L

Dilution Factor: I

102

101
SW846 6010B

0.46 SW846 6010B

10/23-10/25/03 F13CM1CN

10/23-10/25/03 F3CM41CP

Analysis Time..: 18:07

Beryllium
ND 50.0 46.9 ug/L 94
ND 50.D 45.8 ug/L 92

Dilution Factor: 1
Analysis Time.-: 18:07

SW846 6010B
2.3 SW846 6010B

10/23-10/25/03 P13CMICQ

10/23--10/25/03 P13CMICR

NOTE(S):

Caku'ations are performed before round ing so avoid roau -off errors in 0alulmed rcsulLs.



MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL. Metals

Client Lot #.-.: D3J160213

Date Sampled...: 10/14/03 1.6:20 Date Received..: 10/16/03

PERCENT RECOVERY RPD

PARAMETER RECOVERY LIMITS RPD LIM4ITS METHOD

Matrix.......: WATER

PREPARATION- WORK

ANALYSIS DATE ORDER II

MS Lot-Sample I:

Mercury 99

101

MS Lot-Sample C:

D3J160213-001 Prep Batch #...: 3290479

(84 - 114) SW846 7470A

(84 - 114) 2.0 (0-10) SW846 7470A

Dilution Factor: I

Analysis Time..: 13:29

D3J160213-001 Prep Batch N...: 3291152

(83 - 119) sW846 6010B

(83 - 119) 2.0 (0-25) SW846 6010B

Dilution Paccor: I

Analysis Time-.: 18:24

10/22-10/23/03 F2NR9IC2

10/22-10/23/03 F2NR91C3

10/23-10/24/03 F2NR91DK

10/23-10/24/03 F2NR91DL
Aluminum 117

114

Antimony 106

102

Arsenic

Barium

Ber'~ in~e

Boron

Cadmium

111

107

104

101

S5_

94

101

98

99

96

(81 - 124) SW846 6010B

(81 - 124) 3.4 (0-25) SW846 6010B

Dilution Factor: I

Analysis Time..: 18:25

(84 - 124) SW846 6010B

(84 - 124) 4.0 (0-25) SW846 6010B

Dilution Factor: I

Analysis Time..: 18:25

(85 - 120) SW846 6010B

(85 - 120) 3.5 (0-25) SW846 6010B

Dlilution Factor: I

Analysis Time..: 18:25

09 - 121) SW846 6010B

(79 - 121) 1.4 (0-25) SW846 6010B

Dilution Factor: 1

Analysis Time.: 18:25

(87 - 113) SW846 6010B

(87 - 1131 1.3 (0-25) SW846 6010B

Dilution Factor: 1

Analysis Time..: 18:24

(82 - 119) SW846 6010B

(82 - 119) 3.1 (0-25) SW846 6010B

Dilution Factor: 1

Analysis Time..: 18:25

10/23-10/25/03 F2NR91CR

10/23-10/25/03 F2NR91CT

10/23-10/25/03 F2NR91DM

10/23-10/25/03 F2NR9IDN

10/23-10/25/03 F2NR91DP

10/23-10/25/03 F2NR9lDQ

10/23-10/25/03 F2NR91DR

10/23-10/25/03 F2NR91DT

10/23-10/24/03 F2NR9lItJ

10/23-10/24/03 F2NR91DV

10/23-10/25/03 F2NR91DW

10/23-10/25/03 F2NR91DX

(Continued on next page)



MATRIX SPIKE SAMPL EVAL.UAON REPORT

ToAL Metals

Ajient Lot II...: D3J160213

Date Sampled...: 10/14/03 16:20 Date Received..: 10/16/03

Matrix ......... : WATER

PERCENT RECOVERY RPD
PARAMETER RECOVERY LIMITS RPD LIMITS
Chromium 101 (73 - 135)

METHOD

SW846 6010B

SW846 6010B

PREPARATION -

ANALYSIS DATE

10/23-10/25/03

10/23-10/25/03

WORK

ORDER #

F2NR9lD2

F2NR91D391 (73 - 135) 8.4 (0-25)

Dilution Factor: 1

Analysis Time..: 18:25

Cobalt

Copper

Iron

102

98

116

111

97

90

ad 106

101

(82 - 119) SW846 6010B

(82 - 119) 3.8 (0-25) SW846 6010B

Dilution Factor: 1
Analysis Time..: 18:25

(82 - 129) SW846 6010B

(82 - 129) 3.9 (0-25) SW846 6010B
Dilution Factor: 1

Analysis Time..: 18:25

(52 - 155) SW846 6010B

(52 - 155) 4.8 (0-25) SW846 6010B

Dilution Factor: I

Analysis Time..: 18:24

(89 - 121) SW846 6010B
(89 - 121) 4.4 (0-25) SW846 6010B

Dilution Factor: 1

Analysis Time..: 18:25

(79 - 121) SW846 6010B

(79 - 121) 3.2 (0-25) SW846 6010B
Dilution Factor: 1

Aralyris Time. - 18:25

(83 - 109) SW846 6010B
(83 - 109) 2.7 (0-25) SW846 6010B

Dilution Factor: I

Analysis Time..: 18:2S

(84 - 120) SW846 6010B

(84 - 120) 4.3 (0-25) SW846 6010B
Dilution Factor: 1

Analysis Time..: 18:25

(71 - 140) SW846 6010B

(71 - 140) 4.6 (0-25) SW846 6010B

Dilution Factor: 1

Analysis Time..: 18:25

10/23-10/25/03 F2NR9ID0

10/23-10/25/03 F2NR91Dl

10/23-10/25/03 F2NR9lD4

10/23-10/25/03 F2NR91D5

10/23-10/24/03 F2NR9ID6

10/23-10/24/03 F2NR91D7

10/23-10/25/03 F2NR91CP

10/23-1.0/25/03 F2NR9iCQ

10/23-10/25/03 F2NR91CH

10/23-10/25/03 F2NR91CJ

10/23-10/25/03 F2NR91CK
10/23-10/25/03 F2NR91CL

10/23-10/25/03 F2NR91CM

10/23-10/25/03 F2NR91CN

10/23-10/25/03 F2NR91CU

10/23-10/25/03 F2NR9ICV

Manganese

Molybdenum

Nickel

105

95

102

99

97

93

Selenium 118

113

(Continued on next page)



MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot I..-: D3J160213

Date Sampled. _: 10/14/03 16:20 Date Received..: 10/16/03

Matrix ...... : WATER

PARAMETER

Silver

PERCENT

RECOVERY

119

114

Thallium 105

102

RECOVERY RPD

LIMITS RPD LIMITS

175 - 141)
(75 - 141) 4.7 (0-25)

Dilution Factor: 1

Analysis Time. .: 18:25

(90 - 116)

(90 - 116) 3.8 (0-25)

Dilution Factor: 1

Analysis Time..: 18:25

(60 - 137)

(60 - 137) 4.1 (0-25)

Dilution Factor: 1

Analysis Time..: 18:25

INETFIOD

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

PREPARATION-

ANALYSIS DATE

10/23-10/25/03

10/23-10/25/03

WORK

ORDER V

F2NR91DH

F2NR91 DJ

10/23-10/25/03 F2NR91CW

10/23-10/25/03 F2NR91CX

10/23-10/25/03 F2NR91CO

10/23-10/25/03 F2NR91Cl

Zinc 106

102

NOTE(S) :

Calubaio are perlornwt bdore rouridimg ea avoid rowud err~Os iu calculated zesuhl



MATRIX SPIKE SAMPLE DATA REPORT

T(YAL Metals

wiient Lot 9.-.: D3J160213
Date Sampled...: 10/14/03 16:20 Date Received..: 10/16/03

Matrix : WATER

SAMPLE SPIKE MEASRD PERCNT PREPARATION- WORK

PARAMETER AMOUNT AMT AMOUNT UNITS RECVRY RPD METHOD AkNALYSIS DATE ORDER #

MS Lot-Sample
Mercury

#: D3J160213-001 Prep Batch t ... : 3290479

ND 5.00 4.93 ug/L 99

ND 5.00 5.03 ug/L 101
Dilution Factor: 1

Analysis Time..- 13:29

SW846 7470A

2.0 SW846 7470A
10/22-10/23/03 F2NR9lC2

10/22-10/23/03 F2NR91C3

MS Lot -Sample
Aluminum

#: D3J160213-001 Prep Batch I...: 3291152

480 2000 2810 ug/L 117 SW846 6010B

480 2000 2760 ug/L 114 2.0 SW846 6010B
Dilution Factor: I

Analysis Time..: 18:24

10/23-10/24/03 F2NR91DK
10/23-10/24/03 F2NR9IDL

Antimony
ND 500
ND 500

528 ug/L 106
510 ug/L 102

Dilution Factor: 1

Analysis Time..: 10:25

SW846 6010B

3.4 SW846 6010B
10/23-10/25/03 F2NR91CR

10/23-10/25/03 F2NR91CT

Arsenic
ND 2000 2230 ug/L 111

ND 2000 2150 ug/L 107

Dilution Factor: 1

Analysis Time..: 18:25

SW846 6010f

4.0 SW846 6010B

SW846 6010B

3.5 SW846 6010B

10/23-10/25/03 F2NR91DM

10/23-10/25/03 F2NR91DN

10/23-10/25/03 F2NR91DP

10/23-10/25/03 F2NR91DQ

Barium
21 2000 2110 ug/L 104
21 2000 2040 ug/L 101

Dilution Factor: 1

Analysis Time..: 18:25

Beryllium
ND 50.0 47.8 ug/L 96
ND 50.0 47.2 ug/L 94

Dilution Factor: 1

Analysis Time..: 18:25

Boron
1600 1000 2650 ug/L 101
1600 1000 2620 ug/L 98

Dilution Factor: 1

Analysis Time..: 18:24

SW846 6010B

1.4 SW846 6010B

SW846 6010B

1.3 SW846 6010B

10/23-10/25/03 F2NR91DR

10/23-10/25/03 F2NR91DT

10/23-10/24/03 F2NR91DU

10/23-10/24/03 F2NR91DV

(Continued on next page)



MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot #...: D3J160213

Date Sampled...: 10/14/03 16:20 Date Received -: 10/16/03

Matrix - .--:WATER

SAMPLE

PARAMETER AMOUNT

Cadmium

SPIKE MEASRD PERCNT

AMT AMOUNT UNITS RECVRY RPD

PREPARATION- WORK

METHOD ANALYSIS DATE ORDER N

ND 50.0 49.6 ug/L 99

ND 50.0 48.1 ug/L 96

Dilution Factor: 1

Analysis Time..: 18:25

SW846 601DB 10/23-10/2S/03 F2NR9IDW

3.1 SW846 6010B 10/23-10/25/03 F2NR91DX

Chromium
43 200

43 200

245 ug/L 101

225 ug/L 91

Dilution Factor: 1

Analysis Time..: 18:25

SW846 6010B

8.4 SW846 6010B

10/23-10/25/03 F2NR91D2

10/23-10/25/03 F2NR91D3

Cobalt

ND 500 509 ug/L 102

ND 500 490 ug/L 98

Dilution Factor: 1

Analysis Time..: 18:25

Copper

8.6 250 298 ug/L 116

8.6 250 286 ug/L 111

Dilution Factor: 1

Analysis Time..: 18:25 .

SW846 6010B

3.8 SW846 6010B

SW846 6010B

3.9 SW846 6010B

SW846 6010B

4.8 SW846 6010B

10/23-10/25/03 F2NR91DO

10/23-10/25/03 F2NR91D1

10/23-10/2S/03 F2N1R91D4

10/23-10/25/03 F2NR9ID5

10/23-10/24/03 F2NR9lD6

10/23.-10/24/03 F2NR91D7

Iron

510
510

1000 1490 ug/L 97

1000 1420 ug/L 90

Dilution Factor: 1

Aralysis b'-o .: 18:24

Lead

ND 500 529 ug/L 106

ND 500 506 ug/L 101

Dilution Factor: 1

Analysis Time..: 18:25

SW846 6010B

4.4 SW846 6010B

10/23-10/25/03 F2NR91CP

10/23-10/25/03 F2NR91CQ

Manganese

1000 500 1530 ug/L 105

1000 500 1490 ug/L 95

Dilution Factor: 1

Analysis Time..: 18:25

SW846 6010B

3.2 SW846 6010B

10/23-10/25/03 F2NR91CH

10/23-10/23/03 F2NR91CJ

(Continued on next page)



M&TRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot I...: D3J160213

Date Sampled...: 10/14/03 16:20 Date Received..: 10/16/03

Matrix...... : WATER

SAMPbE
PARAMETER AMOUNT

Molybdenum

SPIKE MEASRD PERCNT

AMT AMOUNT UNITS RECVRY RPD METHOD

40 1000 1060 ug/L 102

40 1000 1030 ug/L 99

fDilution Factor: I

Analysis Time..: 18:25

SW846 6010B

2.7 SW846 6010B

SW846 6010B

4.3 SW846 6010B

PREPARATION- WORK

ANALYSIS DATE ORDER A

10/23-10/25/03 F2NR91CK
10/23-10/25/03 F2NR91CL

10/23-10/25/03 F2NR91CM

10/23-10/25/03 F2NR91CN

Nickel

34 SOO 520 ug/L 97

34 500 498 ug/L 93

Dilution Factor: I

Analysis Time..: 18:25

Selenium
ND 2000 2370 ug/L 118

ND 2000 2260 ug/L 113

Dilution Factor: 1

Analysis Time..: 18:25

SW846 6010B

4.6 SW846 6010B

SW846 6010l

4.7 SW846 6010B

10/23-10/25/03 F2NR91CU

10/23-10/25/03 F2NR91CV

10/23-10/25/03 F2NR91DH
10/23-10/25/03 F2NP91DJ

Silver

ND 50.0 59.7 ug/L 119

ND 50.0 57.0 ug/L 114

Dilution Factor: 1

Analysis Time..: 18:25

Thallium

ND 2000 2110 ug/L 105

ND 2000 2030 ug/L 102

Dilution Factor: 1

Analysis Tim..: 18:25

SW846 6010B
3.8 SWB46 6010B

10/23-10/25/03 F2NR9lCW

10/23-10/25/03 F2NR91CX

Zinc

16 500

16 500

546 ug/L 106

524 ug/L 102

Dilution Factor: I

Analysis Time..: 18:2S

SW846 6010B

4.1 SW846 6010B

10/23-10/25/03 F2NR91CO

10/23-10/25/03 F2NR9ICI

NOTE(S): _

Calcubtiow are prtoined before rounding to avoid rourt-off errors in cilculaled resuis.



METHOD BLANK REPORT

General Chemistry

Client Lot t.-.: D3J160213 Matrix-.-------- : WATER

PARAIMETER

Chemical Oxygen

Demand (COD)

REPORTING

RESULT LIMIT UNITS METHOD

Work Order N: F29LIlAA MB Lot-Sample

PREPARATION-

ANALYSIS DATE

#: D3J230000-361

10/21/03

PREP
BATCH #

20 mg/L

Dilution Factor: I
Analysis Time..: 16:45

MCAWW 410.4 3296361

Chloride Work Order #: F31IMO1AA MB Lot-Sample

ND 3.0 mg/L K;CAWW 300.OA

Dilution Factor: 1

Aralysis Time..: 13:37

#: D3J170000-566

10/16/03 3290566

Fecal Coliform Work Order #: F3LPV1AA MB Lot-Sample #:

ND 1.0 CFU/lOOm SM18 9222D Fecal

Dilution Factor: 1

Analysis Time..: 14:30

D3J280000-603

10/16/03 3301603

Fluoride Work Order #: F3HMFIAA MB Lot-Sample

ND 1.0 mg/L

Dilution Facto!:: 1

Analysis Time..: 13:37

itrate Work Order #: F3HNK1AA

ND 0.50 mg/L

Dilution Factor: I

Analysis .ime..: 13:37

Work Order N: F3HNG1AA

ND 0.50 mg/L
Dilution Factor: I

Analysis Time. : 13:37

MCAWW 300.OA

MB Lot-Sample

MCAWW 300.OA

MB Lot-Sample

MCAWW 300.OA

#: D3J170000-569
10/16/03

#: D3J170000-567

10/16/03

#: D3J170000-570

10/16/03

3290569

3290567

3290570

Nitrite

Specific Conductance

ND

Work Order N: F20C1lAA

2.0 umhos/cm
Dilution Factor: 1

Analysis Time. . 16:00

MB Lot-Sample

MCAWW 120.1

#: D3J200000-257

10/17/03 3293257

Sulfate Work Order #: F3HPF1AA

ND 5.0 mg/L

Dilution Factor: I

Analysis Time..: 13:37

MB Lot-Sample

MCAWW 300.OA

#: D3J170000-568

10/16/03 3290568.

Total Coliform Work Order #: F3LPR1AA
ND 1.0 CFU/lOOm

Dilution Factor: I

Analysis Time_.: 15:00

MB Lot-Sample

SM18 9222B

#: D3J280000-601

10/16/03 3301601

(Continued on next page)



METHOD BLANK REPORT

General Chemistry

_ient Lot #.-.: D3J160213 Matr

PARAMETER

Total Cyanide

Total Dissolved
Solids

Total Suspended
Solids

REPORTING
RESULT LIMIT UNITS METHOD

Work Order U: F288Q1AA MB Lot-Sample #:
ND 0.010 mg/L MCAWW 335.3

Dilution Factor: 1

Analysis Time.. 13:00

Work Order #: F3T8A1AA MB Lot-Sample I:

ND 10 mg/L MCAWW 160.1
Dilution Factor: I

Analysis Time..: 17:00

Work Order #: F24VOlAA MB Lot-Sample #:

ND 4.0 mg/L. MCAWW 160.2
Dilution Factor: I

Analysis Time..: 20:45

ix . ,.,.: WATER

PREPARATION- PREP
ANALYSIS DATE BATCH 4

D3J230000-416
10/22-10/23/03 3296416

D3J300000-251

10/20/03

D3J210000-676

10/20/03

3303251

3294676

NOTE(S):
C0dat"s are Pcrfonaml before rourdai So avoid roind-off erros in calculated resuhs.



LABORATORY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Lot-Sample S...: D3J160213 Matrix ...... : WATER

PERCENT

PARAMETER RECOVERY
Chemical Oxygen

Demand (COD)
94

94

RECOVERY RPD PREPARATION- PREP

LIMITS RPD LIMITS METHOD ANALYSIS DATE BATCH #
WO#:F29L1IAC-LCS/F29LI1AD-LCSD LCS Lot-Sample#: D3J230000-361

(86 - 114)
(86 - 114) 0.0 (0-11)

Dilution Factor: I

MCAWW 410.4

MCAWW 410.4

Analynis Time..: 16:45

10/21/03 3296361

10/21/03 3296361

Chloride
96

96

Fluoride

98
100

Nitrate

95

94

WO#:F3HMo1AC-LCS/F3HMO1AD-LCSD LCS Lot-Sample#: D3J170000-566

(90 - 110) MCAWW 300.OA 10/16/03 3290566

(90 - 110) 0.88 (0-10) MCAWW 300.OA 10/16/03 3290566

Dilution Factor: I Analysis Time..: 13:15

WO#:F3HMFlAC-LCS/F3HMFlAD-LCSD LCS Lot-Sample#: D3J170000-569

(90 - 110) MCAWW 300.OA 10/16/03 3290569

(90 - 110) 1.3 (0-10) MCAWW 300.OA 10/16/03 3290569

Dilution Factor: I Analysis Time..: 13:15

WOH:F3HNK1AC-LCS/F3[NJK1AD--LCSD LCS Lot-Sample#: D3J170000-567

(90 - 110) MCAWh7 300.OA 10/16/03 3290567

(90 - 110) 0.26 (0-10) MCAWW 300.OA 10/16/03 3290567

Dilution Factor: I Analysis Time..: 13:15

WO#:F3HNG1AC-LCS/F3HNGlAD-LCSD LCS Lot-Sample#: D3J170000-570

(90 - 110) MCAWW 300.OA 10/16/03 3290570

(90 - 110) 3.2 (0-10) MCAWW 300.OA 10/16/03 3290570

Dilution Factor: I Analysis Time..: 13:15

WO#:F2OC1lAC-LCS/F20CllAD-LCSD LCS Lot-Sample#: D3J200000-257

(89 - ]n9) MCAWW 120.1 10117/03 3293257

(89 - 109) 1.1 (0-7.0) MCAWW 120.1 10/17/03 3293257

Dilution Factor: 1 Analysis Time..: 16:00

Nitrite

102

99

Specific Conductance
1n(

102

Sulfate

92

92

WO#:F3HPFlAC-LCS/F3HPFIAD-LCSD LCS Lot-Sample#: D3J170000-568

(90 - 110) MCAWW 300.OA 10/16/03 3290568

(90 - 110) 0.43 (0-10) MCAWW 300.OA 10/16/03 3290568

Dilution Factor: 1 Analysis Time..: 13:15

Total Dissolved

Solids

99

104

WOf:F3TBA1AC-LCS/F3T8A1AD-LCSD LCS Lot-Sample#: D3J300000-251

(86 - 106)

(86 - 106) 4.9 (0-20)

Dilution Factor: 1

MCAWW 160.1
MCAWW 160.1

Analysis Time..: 00:00

10/20/03 3303251

10/20/03 3303251

(Continued on next page)



LABORATORY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Lot-Sample A--- : D3J160213 Matrix .. . : WATER

PERCENT

PARAMETER RECOVERY

Total Suspended

Solids
96

92

RECOVERY - RPD PREPARATION- PREP

LIMITS RPD LIMITS METHOD ANALYSIS DATE BATCH N
WON:F24V01AC-LCSfF24V01AD-LCSD LCS Lot-Sample#- D3J210000-676

(86 - 114)
(86 - 114) 3.8 (0-20)

Dilution Factor: I

MCAWW 160.2

MCAWW 160.2

Analysis Time..: 20:45

10/20/03 3294676

10/20/03 3294676

NOTE(S):

Caldacons are performed before rounding to nvoid round-off errors in cakaubtd reits.



LABORATORY CONTROL SAMPLE DATA REPORT

General Chemistry

Lot-Sample I. - : D3J160213 Matrix....-....: WATER

SPIXE

PARAMETER AMOUNT
Chemical Oxygen
Demand (COD)

100

100

MEASURED PERCNT
AMOUNT UNITS RECVRY RPD METHOD

WON:F29L1IAC-LCS/F29Ll1AD-LCSD LCS

PREPARATION- PREP

ANALYSIS DATE BATCH #
Lot-Sample#: D3J230000-361

94.1 mg/L 94

94.1 mg/L 94

Dilution Factor: .

MCAWW 410.4

0.0 MCAWW 410.4

Analysis Time..: 16:45

10/21/03 3296361

10/21/03 3296361

Chloride

Fluoride

Nitrate

WO#:F3HMOlAC-LCS/F3HMOAD-LCSD LCS Lot-Sample#: D3J170000-566

20.0 19.3 mg/L 96 MCAWW 300.OA 10/16/03 3290566

20.0 19.1 mg/L 96 0.88 MCAWW 300.OA 10/16/03 3290566

Dilution Factor: I Analysis Time..: 13:15

WON:F3HMF1AC-LCS/F3HMF1AJ-LCSD LCS Lot-Sample#: D3J170000-569

4.00 3.93 mg/L 9B MCAWW 300.OA 10/16/03 3290569

4.00 3.98 mg/L 100 1.3 MCAWW 300.OA 10/16/03 3290569

Dilution Factor: 1 Analysis Time..: 13:15

WO#:F3HNKIAC-LCS/F3HNKlAD-LCSD LCS Lot-Samplef: D3J170000-567

4.00 3.79 mg/L 95 MCAWW 300.OA 10/16/03 3290567

4.00 3.78 mg/L 94 0.26 MCAWW 300.OA 10/16/03 3290567

Dilution Factor: 1 Pnalysis Time..: 13:15

Nitrite WO#: F3HNGIAC-LCS/F3HNG1AD-LCSD

4.00 4.08 mg/L 102 MCAWW

4.00 3.95 mg/L 99 3.2 MCAWW

Dilution Factor: 1 Analysis

LCS Lot-Sample#: D3J170000-570

300.OA 10/16/03 3290570

300.OA 10/16/03 3290570

Time..: 13:15

Specific Conductance

1010

1010

WO#:F20Cl1AC-LCS/F20C1lAD-LCSD

1020 1 'MO-3S/cr..... ; ;' ;L.'"

1030 umhos/cm 102 1.1 MCAWW

Dilution Factor: 1 Analysis

I-CS Lot-SampleN: D3J200000-257

, %, i * B 0 J GS329325-

120.1 10/17/03 3293257

Time..: 16:00

Sulfate WO#: F3HPFIAC-LCS/F3HPFlAD-LCSD

20.0 18.4 mg/L 92 MCAWW

20.0 18.3 mg/L 92 0.43 MCAWW

Dilution Factor: I Analysis

LCS Lot-Sample#: D3J170000-568

300.OA 10/16/03 3290568

300.OA 10/16/03 3290568

Time..: 13:15

Total Dissolved

Solids

500 494

500 519

WO#:F3TBAlAC-LCS/F3T8A1AD-LCSD LCS Lot-Sample#: D3J300000-251

mg/L 99

mg/L 104

Dilution Factor: 1

MCAWW 160.1

4.9 MCAWW 160.1

Analysis Time..: 00:00

10/20/03 3303251

10/20/03 3303251

(Continued or. next page)



LABORATORY CONTROL SAMPLE DATA REPORT

General Chemistry

Lot-Sample I...: D3JI60213 Matrix ......-.. : WATER

SPIKE

PARAMETER AMOUNT

Total Suspended

Solids

MEASURED PERCNT PREPARATION- PREP

AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE BATCH #

WO#:F24VOlAC-LCS/F24VOlAD-LCSD LCS Lot-Sample#: D3J210000-676

250 239

250 230

mg/L 96

mg/L 92
Dilucion Factor: I

MCAWW 160.2

3.8 MCAWW 160.2

Analysis Time..: 20:45

10/20/03 3294676

10/20/03 3294676

NOTE(S):
Calcubliom age perfonvieJ before rournding to aoid round-off errwA b calcuiated resuIts.



LABoRAToRY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Client Lot Z...: D3J160213 Matrix. .: WATER

PARAMETER

Total Cyanide

PERCENT RECOVERY PREPARATION- PREP

RECOVERY LIMITS METHOD ANALYSIS DATE BATCHt #

Work Order I: F288QIAC LCS Lot-Sample#: D3J230000-416

99 (89 - 109) MCAWW 335.3 10/22-10/23/03 3296416

Dilution Factor: 1 Analysis Time..: 13:00

NOTE(S):
Calculatikms am pcrfownvd befoX rounding to avoid tound-off errors in calculatcd resuhs.



L7U30RATORY CONTROL SAMPLR DATA REPORT

General Chemistry

Client Lot C...: D3J160213 Matrix .- . : WATER

SPIKE MEASURED PERCNT PREPARATIONT- PREP

PARAMETER AMOUNT AMOUNT UNITS RECVRY METHOD ANALYSIS DATE BATCH t

Total Cyanide Work Order #: F288QlAC LCS Lot-Sample": D3J230000-416

0.100 0.0987 mg/l. 99 MCAWW 335.3 10/22-10/23/03 3296416

Dilution Factor: I Analysis Time..; 13:OC

ROTE(S): - ______ _

Calculations he perfeommd before roundint go avoid ravd-off efrors in olcaated restits.



MATRIX SPIKE SAMPLE EVALUATION REPORT

General Chemistry

Client Lot A. - : D3J160213

Date Sampled...: 10/14/03 16:55 Date Received..: 10/16/03

PERCENT RECOVERY RPD

PARAMETER RECOVERY LIMITS RPD LIMITS METHOD

Chemical Oxygen WO#: F2NR91RK-MS/F2NR91EL-MSD

Matrix.... .... : WATER

PREPARATION- PREP

ANALYSIS DATE BATCH U
MS Lot-Sample #: D3J160213-001

10/21/03 3296361

10/21/03 3296361

Demand (COD)

86
77

(74 - 109) MCAWW 410.4
(74 - 109) 8.2 (0-11) MCAWW 410.4

Dilution Factor: 1

Analysis Time..: 16:45

Chloride
109
111

WO#: F2NHEICD-MS/F2NHElCE-MSD

(80 - 120) MCAWW 300.OA

(80 - 120) 0.91 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Tine..: 15:35

WOUI: F2NR9lC6-MS/F2NR91C7-MSD

(80 - 120) MCAAW 300.OA

(80 - 120) 0.52 (0-10) MCAWW 300.OA

Dilution Factor: I

Analysis Time..: 18:06

Chloride

108

108

Fluoride

Nitrate

WO#: F2NR9IC8-MS/F2NR91C9-MSD

131 N (80 - 120) MCAWW 300.OA

130 N (80 - 120) 0.27 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 16:40

WO`#: F2NHEICF-MS/F2NHElCG-MSD

111 (80 - 120) MCAWW 300.OA

113 (80 - 120) 1.5 (0-10) MCAWW 300.OA

fli'2tion Factor. 1

Analysis Time..: 15:35

WO#: F2NR91DA-MS/P2NR91DC-MSD

107 (80 - 120) MCAWW 300.0A

107 (80 - 120) 0.48 (0-10) MCAW 300. OA

Dilution Factol: I

Analysis Time..: 16:40

WO#: F2NR9lDD-MS/F2NR91DE-MSD

112 (80 - 120) MCAWW 300.OA

115 (80 - 120) 2.5 (0-10) MCAWW 300.0A

Dilution Factor: 1

Analysis Time..: 17:33

MS Lot-Sample a:
10/16/03
10/16/03

MS Lot-Sample #:
10/16/03

10/16/03

MS Lot-Sample #:
10/16/03

10/16/03

MS Lot-Sample #:

10/16/03

10/16/03

MS Lot-Sample #:

10/16/03

10/16/03

MS Lot-Sample #:

10/16/03
10/16/03

D3J160175-001

3290566

3290566

D3J160213-001

3290566

3290566

D3J160213-001
3290569

3290569

D3J160175-001

3290567

3290567

D3J160213-001

3290567

3290567

D3J160213-001

3290570
329057C

Nitrate

Nitrite

(Continued on next page)



MATRIX SPIKE SAMPLE EVALUATION REPORT

General Chemistry

Client Lot # -- : D3J160213

Date Sampled...: 10/14/03 16:55 Date Received..: 10/16/03

Matrix ..... : WATER

PARAMETER

Sulfate

PERCENT RECOVERY RPD PREPARATION- PREP

RECOVERY LIMITS RPD LIMITS METHOD ANALYSIS DATE BATCH #

WO#: F2NHE3CH-MS/F2NHE1CJ-MSD MS Lot-Sample #: D3J160175-001

212 (80 - 120) MCAWW 300.OA 10/16/03 3290568

113 (80 - 120) 0.69 (0-10) MCAWW 300.OA 10/16/03 3290568

Dilution Factor: I

Analysis Time..: 15:35

Sulfate WO#: F2NR91DF-MS/F2NR91DG-MSD

114 I (80 - 120) MCAWW 300.OA

115 I (80 - 120) 0.47 (0-lC) MCAWW 300.OA

Dilution Factor: I

Analysis Time..: 18:06

MS Lot-Sample #:

10/16/03

10/16/03

D3J160213-001

3290568

3290568

Total Cyanide

95

96

WO#l: F2NR9lEH-MS/F2NR9lEJ-MSD

(78 - 120) MCAWW 335.3

(78 - 120) 0.62 (0-20) MCAWW 335.3

Di lution Factor: 1

Analysis Time..: 13:00

MS Lot-Sample #: D3J160213-001

10/22-10/23/03 3296416

10/22-10/23/03 3296416

NOTE( S):
Calcubdioms are performed befote rowding so avoid round--ff wors in calculated resuhs.

Esdstifec resut. Resua conrccWration cxcee& doe calibraijon Inge.

N Spiked amlyie rcovery is outside qtated comrul rfimts



MATRIX SPIKE SAMPLE DATA REPORT

General Chemistry

'lient Lot #...: D3J160213
Date Sampled...: 10/14/03 16:55 Date Received..: 10/16/03

Matrix .. . : WATER

SAMPLE
PARAMETER AMOUNT

Chemical Oxygen
Demand (COD)

SPIKE MEASRD PERCNT
AMT AMOUNT UNITS RECVRY RPD METHOD

PREPARATION-

ANALYSIS DATE

PREP
BATCH i

WOl: F2NR91EK-MS/F2NR9lEL-MSD MS Lot-Sample #: D3J160213-001

10/21/03 3296361
10/21/03 3296361

12 50.0 55.1 mg/L

12 50.0 50.7 mg/L

Dilution Factor: I

86

77

MCAWW 410.4

8.2 MCAWW 410.4

Analysis Time..: 16:45

Chloride WO#: F2NHE1CD-MS/F2NHE1CE-MSD MS Lot-Sample

11 25.0 38.1 mg/L 109 MCAWW 300.OA

11 25.0 38.5 mg/L 111 0.91 MCAWW 300-OA

Dilution Factor: I

Analysis Time..: 15:35

i: D3J160175-001

10/16/03 3290566
10/16/03 3290566

Chloride

Fluoride

Nitrate

WO#: F2NR9lC6-MS/F2NR91C7-MSD MS Lot-Sample

1600 2500 4300 mg/L 108 MCAWW 300.OA

1600 2500 4320 mg/I. 108 0.52 MCAWW 300.OA

Dilution Factor: 1
Analysis Time..: 18:06

WO#: F2NR91C8-MS/F2NR91C9-MSD MS Lot-Sample
ND 25.0 32.7 N mg/L 131 MCAWW 300.OA
ND 25.0 32.6 N mg/L 130 0.27 MCAWW 300-OA

Dilution Factor: I
Analysis Time_: 16:40

WO#: F2NHEICF-MS/F2NHElCG-MSD MS Lot-Sample

2.5 5.00 8.01 mg/L 111 MCAWW 300.OA

2.5 5.00 8.13 mg/L 113 1.5 MCAWW 300.OA

Dilutinn Factor: 1

Analysis Time..: 15:35

#: D3J160213-001

10/16/03 3290566

10/16/03 3290566

#: D3J160213-001
10/16/03 3290569
10/16/03 3290569

#: D3J160175-001

10/16/03 3290567
10/16/03 3290567

Nitrate

Nitrite

WO#: F2NR91DA-MS/F2NR91DC-MSD MS Lot-Sample
ND 25.0 26.8 mg/L 107 MCAWW 300.OA

ND 25.0 26.7 mg/L 107 0.48 MCAWW 300.OA

Dilution Factor: I

Analysis Time..: 16:40

WO#: F2NR91DD-MS/F2NR91DE-MSD MS Lot-Sample

ND 100 112 mg/L 112 MCAWW 300.OA
ND 100 115 mg/L 115 2.5 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 17:33

#: D3J160213-001
10/16/03 3290567

10/16/03 3290567

$: D3J160213-001
10/16/03 3290570
10/16/03 3290570

(Continued on next page)



MwTRiX SPIKE SAMPLE DATA REPORT

General Chemistry

_lient Lot #...: D3J160213

Date Sampled ...: 10/14/03 16:55 Date Received..: 10/16/03

Matrix ..... : WATER

PARAMETER

Sulfate

Sulfate

SAMPLE SPIKE MEASRD PERCNT PREPARATION- PREP

AMOUNT AMT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE BATCH $
WO#: F2NHE1CH-MS/F2NHE1CJ-MSD MS Lot-Sample N: D3J160175-001

11 25.0 38.8 mg/L 112 MCAWW 300.OA 10/16/03 3290568

13 25.0 39.1 mg/L 113 0.69 MCAWW 300.OA 10/16/03 3290568

Dilution Factor: 1

Analysis Time..: 15:35

WO#: P2NR9lDF-MS/F2NR9lDG-MSD MS Lot-Sample

2200 2500 5050 I mg/L 114 MCAWW 300.OA

2200 2500 5070 I mg/L 115 0.47 MCAWW 300.OA

Dilution Factor: 1

Analysis Tine..: 18:06

i: D3J160213-001
10/16/03 3290568

10/16/03 3290568

Total Cyanide

ND

ND

WOI: F2NR91EH-MS/F2NR91EJ-MSD MS Lot-Sample #: D3J160213-001

0.100 0.0951 mg/L 95 MCAWW 335.3 10/22-10/23/03 3296416

0.100 0.0957 mg/L 96 0.62 MCAWW 335.3 10/22-10/23/03 3296416

Dilution Factor: 1

Analysis Time..: 13:00

NOTE(S):
CagcUations are pefornied before rounding to avoid roumdw-l errors in calulaited resuls

Estiumatd result Resutit colcerittau ewceds tke alibraion ranke.

,S Spiked a ieTC te is outside saad tro 3imits



SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

Client Lot .....: D3J160213 Work Order #*...: F2NR9-SMP Matrix ..... : WATER

F2NR9 -DUP

Date Sampled-.: 10/14/03 16:20 Date Received..: 10/16/03

DUPLICATE RPD PREPARATION- PREP

PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH #

Specific Conductance SD Lot-Sample #: D3J160213-001

6800 6800 umhos/cm 0.15 (0-7.0) MCAWW 120.1 10/17/03 3293257

Dilution Factor: 1 Analysis Time..: 16:00



SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

Llient Lot I...: D3J160213 Work Order I ... : F2RJM-SMP Matrix ..... : WATEP

F2RJM-DUP

Date Sampled ... : 10/14/03 16:10 Date Received..: 10/16/03

DUPLICATE RPD PREPARATION-

PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE

Total Suspended SD Lot-Sample #: D3J170113-002

Solids

73 Q 78 Q mg/L 7.4 (0-20) MCAWW 160.2 10/20/03

Dilution Factor: 2 Analysis Time..: 20:45

PREP j

BATCH I i

3294676

NOTE(S):
Cakulations are performed before rounding to avoid round-off ernors in calculated results.

Q Eivsted reporing limit. The qrorrin limit is devausi due tu high amlyte levels



SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

_lient Lot # ... :

Date Sampled. -. :

PARAM RESULT
Total Coliform

ND

Fecal Coliform
ND

D3J160213 Work Order i

10/15/03 17:40 Date Receivt

DUPLICATE
RESULT UNITS RPD

ND CFU/100m 0

Dilution Factor: I

I...: F2NT3-SMP
F2NT3-DUP

ted..: 10/16/03

Matrix ..... : WATER

RPD PREPARATION- PREP
LIMIT METHOD ANALYSIS DATE BATCH #

SD Lot-Sample #: D3J160213-002

(0-20) SM18 9222B 10/16/03 3301601

Analysis Time..: 15:00

SD Lot-Sample #: D3J160213-002

(0-20) SMIB 9222D Fecal 10/16/03 3301603

Analysis Time..: 14:30

ND CFU/lOOm 0
Dilution Factor: 1



SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

client Lot I_...: D3J160213 Work Order I...: F2KGH-SMP Matrix.......: WATER
F2KGH-DUP

Date Saupled...: 10/14/03 08:12 Date Received..: 10/15/03

DUPLICATE RPD PREPARATION- PREP

PAPRJM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH U
Total Dissolved SD Lot-Sample #: D3J150159-007

Solids

450 470 mg/L 3.9 (0-20) MCAWW 160.1 10/20/03 3303251

Dilution Factor: 1 Analysis Time..: 17:00
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Lot #: D3K120128

Case Narrative

Enclosed is the report for two samples received at STL's Denver laboratory on November 12, 2003. The
results included in this report have been reviewed for compliance with STL Denver's Laboratory Quality
Manual. The test results shown in this report meet all requirements of NELAC and any exceptions are
noted below.

Dilution factors and footnotes have been provided to assist in the interpretation of the results. Each
sample was analyzed to achieve the lowest possible reporting limit within the constraints of the method.
In some cases, due to interferences or analytes present at concentrations above the linear calibration
curve, samples were diluted. For diluted samples, the reporting limits are adjusted relative to the dilution
required.

STL utilizes USEPA approved methods in all analytical work. The samples presented in this report were
analyzed for the parameters listed on the analytical methods summary page in accordance with the
methods indicated. A summary of quality control parameters is provided below.

This report shall not be reproduced except in full, without the written approval of the laboratory.

Quality Control Summary for Lot D3KI 20128

Sample Receiving

)> The cooler temnperature upon receipt at the Denver laboratory was 3.1° C.

> All sample bottles were received in acceptable condition.

Holding Times

> All holding times were meL

Trip Blank

> Methylene chloride was detected in the Trip Blank below the reporting limit. The detection in the
associated sample may be due to laboratory or field contamintation.

Method Blanks

> The analytes Barium, Boron, and Silver Method 601OB were detected in the Method Blanks below
the established reporting limits. No corrective action is taken for any values in Method Blanks that
are below the requested reporting limits. In addition the sample results for Barium and Boron were
greater than ten times the method blank values.

> All other Method Blanks were within established control limits.

Laboratory Control Samples

> All Laboratory Control Samples were within established control limits.

Matrix Spile (MS) and Matrix Spike Duplicate (MSD)

)> The Matrix Spike andfor Matrix Spike Duplicate recoveries were outside control limits for Antimony
and Molybdenum Method 601OB in QC batch 3317761. Because the corresponding Laboratory



Lot 0: D3K120128

Control Sample and the Method Blank sample were within control limits, these anomalies may be
due to matrix interference.

> Due to the result concentration exceeding the calibration range the MSIMSD results for Sulfate are
estimated.

> The percent recoveries of the MS/MSD and/or the relative percent difference were not calculated for
Aluminum, Iron, and Manganese in Method 60101B because the sample concentrations were greater
than four times the spike amounts.

> The method rcquired MSIMSD could not be performed for Methods 8270C, 8081, and 8082 due to
insufficient sample volume, however, LCSIlCSD pairs were analyzed to demonstrate method
precision.

> All other MS and MSD samples were within established control limits.

Organics

> The surrogate recovery for Tetrachloro-m-xylene was above the upper control limit for sample LES
MW2 by Method 8081 A. The other surrogate, Decachlorobiphenyl, was in control. The sample
results are still considered valid because no target analytes were detected. Matrix interfecrence was
evident.

> The second source Initial Calibration Verification (ICV) standard for Methyl methanesulfonate by
Method 8270C exceeded the percent difference (%D) limits. However, the overall mean percent
difference for all compounds is within control limits, therefore, the ICV is also in control and no
corrective action was necessary.

> The Continuing Calibration Verification (CCV) standards for Demeton-S, EPN, and Naled by
Method 8141A exceeded the percent difference limits. However, the overall mean percent
difference is within control limits, therefore, the CCV is also in control and no corrective action was
necessary. Additionally, the associated sample was non-detect.

Inorganics

> The method required sample duplicate could not be performed for Fecal Colifonn due to insufficient
sample volume.

> The serial dilution of a digestate in the analytical batch for Barium and Zinc were outside control
limits indicating physical and chemical interferences. The associated sample results are flagged AL".



EXECUTIVE SUMMARY - Detection ffighlights

D31120128

PARAMETER RESULT

REPORTING

LIMIT

ANALYTICAL

METHODUNITS

LES MW2 11/11/03 12:00 001

Silver

Aluminum

Barium

Boron

Cobalt
Chromium

Copper

Iron
Manganese

Molybdenum

Zinc

Methylene chloride

Specific Conductance

Total Dissolved

Solids

Total Suspended

Solids

Chloride

Sulfate
Chemical oxygen

Demand (COD)

0.89 B,J

S8 B

16 J,L

1700 J

0.84 B

3.6 B

4.0 B

35 B

670

39

7.8 B,L

0.28 J

7200

6000 Q

2.6 B

1800 Q

2400 Q
14 B

10
100
10
100
10
10
10
100
10
20

20

5.0
2.0

40

4.0

300

SOO
20

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

SW846

SW846

SW846

SW846

SW846

SW846

5W846

SWB46

SW846

SW846

SW846

SW846

6010B

6010B

6010B

6010B

6010B

6010B

6010B

6010B

6010B

6010B

6010B

8260B

umhos/cm MCAWW 120.1

mg/L MCAWW 160.1

mg/L

mg/L

mg/L

mg/L

N4CAWW 160.2

MCAWW

MCAWW

MCAWW

300.OA

300.OA

410.4

TRIP BLANK 11/11/03 002

Methylene chloride 0.48 J 5.0 ug/L SW846 8260B



METHODS SUMMARY

D3X120128

ANALYTICAL
PARAMETER ___ METHOD

PREPARATION
METHOD_ _

Chemical Oxygen Demand
Chloride
F. Coliform (Enumeration)
Filterable Residue (TDS)
Fluoride
Inductively Coupled Plasma (ICP) Metals
Mercury in Liquid Waste (Manual Cold-Vapor)
Nitrate as N
Nitrite as N
Non-Filterable Residue ITSS)
Organochlorine Pesticides
Organophosphorous Compounds by GC
PCBs by SW-846 8082
Semivolatile Organic Compounds by GC/MS
Specific Conductance
Sulfate
T. Coliform (Enemeration)
Total Cyanide
Volatile Organics by GC/MS

MCAWW 410.4
MCAWW 300.OA
SM18 9222D Feca
MCAWW 160.1
MCAWW 300.OA
SW846 60103
SW846 7470A
MCAWW 300.OA
MCAWW 300.OA
MCAWW 160.2
SW846 80B1A
SW846 8141A
SW846 8082
SW846 8270C
MCAhW 120.1
MCAWW 300.OA
SM18 9222B
MCAWW 335.3
SW846 8260B

MCAWW 410.4
MCAWW 300.OA
SM18 9222D
MKAWW 160.1
MCAWW 300.OA
SW846 3010A
SW846 7470A
MCAWW 300.OA
MCAWW 300.OA
MCAWW 160.2
SW846 3510C
SW846 3510
SW846 3510C
SW846 3520C
MCAWW 120.1
MCAWW 300.OA
SM18 9222B
MCAWW 335.3
SW846 5030B/826

References:

MCAWW Methods for Chemical Analysis of Water and Wastesw,
EPA-600/4-79-020, March 1983 and subsequent revisions.

SM18 'Standard Methods for the Examination of Water and
Wastewater', lth Edition, 1992.

SW846 'Test Methods for Evaluating Solid Waste, Physical/Chemical
Methodso, Third Edition, November 1986 and its updates.



METHOD / ANALYST SUMMARY

D3K120128

ANALYTICAL
METHOD

ANALYST
IDANALYST

MCAWW 120.1
MCAWW 160.1
MCAWW 160.2
MCAWW 300.OA
MCAWW 335.3
MCAWW 410.4
SMIS 9222B
SMIS 9222D Fecal
SW846 60103
SW846 6010B
SW846 7470A
SW846 8081A
SW846 8082
SW846 8141A
SW846 8260B
SW846 8270C

Nicole Dean
Mark Angerhofer
Claire Likar
Andrita Scofield
Ewa Kudla
Nicole Dean
Maria Fayard
Maria Fayard
Kristen Roda
Lynn-Anne Trudell
Kacey Ono
Steve Szocik
Sonya Dacar
Steve Szocik
Greg Meier
David Kidd

008504
005823
004382
004409
001167
008504
002596
002596
005692
006645
003371
002410
011595
002410
006004
007536

References:

MCAWW "Methods for Chemical Analysis of Water and Waste6-,

EPA-600/4-79-020, March 1983 and subsequent revisions.

SM18 'Standard Methods for the Examination of Water and

Wastewater", 18th Edition, 1992.

SW846 'Test Methods for Evaluating Solid Waste. Physical/Chemical

Methods", Third Edition, November 1986 and its updates.



SAMPLE SUMMARY

D3=120128

SAMPLED SAMP
WO # SAMPLE# CLIENT SAMPLE ID DATE TIME

F4L7C 001 LES MW2
F4L7W 002 TRIP BLANK

11/11/03 12:00
11/11/03

NOTE(S):
-7fe nalytic tesults E the saeths listed oe are preseed on fde olwifg pages.

- All calaclation art peffomfbod before rouein to vistd round-off etrrs ia cslalated rmlm

- Result saed as 'NWl> were na deud a or abome te stae TuiL

- ThiS repolt must nO be rpfrodued. CXfqx itn fML. witht ter %xitte" approval of dh laboratory.

- Rcuts ftoe De following parmeters afe ever repouted o a dry weight basis ;ulex. corrosivity. density. flas io. ignisbility. laes odor.

paira lter tet pH. porosuy pressure. reactivity. sdox poential. specific graw*. "es test. solids. solubility, tesrue C. scositry, ais wrei



LOCKWOOD GREENE

Client Sample ID: LES MW2

GC/MS Volatiles

Lot-Sample 1...: D3K120128-001 Work Order #...:
Date Sampled_..: 11/11/03 12:00 Date Received..:
Prep Date.....: 11/21/03 Analysis Date..:
Prep Batch f...: 3327096 Analysis Time..:
Dilution Factor: 1

F4L7CLA8
11/12/03
11/21/03
15:39

Matrix ..... : WATER

Method .... : SW846 8260B

PARAETER
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone (MEX)
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromomethane
1.2-Dibromoethane (EDB)
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,l-Dichloroethane
1,2-Dichloroethane
1,l-Dichloroethene
1,2-Dichloroethene

(total)
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-l,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
2-Hexanone
Mcthylene chloride
4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
11, 2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,4-Trichloro-

benzene

RESULT
ND
ND
ND
ND
ND
ND
ND

ID
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
0.28 J
ND
ND

ND
ND
ND
ND
ND

REPORTING
LIMIT
10
1.0
1.0
1.0
2.0
5.0
1.0
1.0
2.0
1.0
2.0
1.0
1.0

1.0
* 1.0

1.0
2.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
5.0
5.0
5.0
1.0
1.0
1.0
1.0
1.0
1.0

UNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ugh.
ugJL
ug/L

ugfL
ugJL
ug/L
ug/L

ug/L

ugJL
ug/L
ug/L
ug/L
ug/L
ug/L
ugJL
ugJL
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ugJL

MDL
2.5
0.17
0.20
0.23
0.22
2.0
0.20
0.13
0.18
0.17
0.91
0.31
0.18
0.15
0.13
0.16
0.22
0.22
0.26
0.23
0.24

0.14
0.15
0.18
0.19
0.20
0.12
1.7
0.21
0.98
0.14
0.21
0.21
0.26
0.15
0.21

(Continued on next page)



LOCxWOOD GREENE

Client Sample ED: LES MW2

GC/MS Volatiles

Lot-Sample 8...: D3K120128-001 Work Order I...: F4L7C1A8 Matrix .... : WATER

PARAMTER
1,1,l-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane

Vinyl chloride
Xylenes (total)
n-Butylbenzene
sec-Butylbenzene
Isopropylbenzene
1.2,4-Trimethylbenzene
1,3,5-Trimethylbenzene

n-Propylbenzene

tert-Butylbenzene
Dibromochloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-

chloropropane (DBCP)
1,3-Dichloropropane
2,2-Dichloropropane
1.1-Dichloropropene
Hexachlorobutadiene
4-Isopropyltoluene
Methyl tert-butyl ether
1,2,3-Trichlorobenzene
m-Xylene & p-Xylene
o-Xylene
Bromobenzene
Bromochloromethane
Naphthalene

RESULT
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

REPORTING
LIMIT
1.0
1.0
1.0
2.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0

UNITS
Ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
Ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L i
ug/L I
ug/L I

MDL
0.16
0.27
0.16
0.24
0.33
0.19
0.41
0.21
0.23
0.17
0.15
0.16
0.17
0.17
0.19
0.17
0.21
0.47

0.22
0.18
0.19
0.18
0.20
0.38
0.21
0.27
0.15
0.17
0.27
0.50

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

1.0
5.0
1.0
1.0
1.0
5.0
1.0
2.0
1.0
1.0
1.0
1.0

SURROGATE
Dibromofluoromethane
1,2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-d8

NOTE(S):

PERCENT
RECOVERY
96
107
91
98

RECOVERY
LIMITS
(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

I Eaimmed rdh RkL It dn sRL.



L0CKWOOD GREENE

Client Sample ID: TRIP BLMNK

GC/HS Volatiles

Lot-Sample I...: D3K120128-002
Date Sampled...: 11/11/03
Prep Date ...... : 11/21/03

Prep Batch A...: 3327096

Dilution Factor: 1

Work Order At...:

Date Received--:

Analysis Date.-:

Analysis Time..:

F4L7W1AA

11/12/03

11/21/03

16:03

Matrix ..... : WATER

Method ..... : SW846 8260B

PARAMETER _ -

Acetone

Benzene

Bromodichloromethane

Bromoform

Bromomethane
2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroethane
Chloroform

Chloromethane
Dibromomethane
1,2-Dibromoethane (EDB)
1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Dichlorodifluoromethane

l,1-Dichloroethane

1,2-Dichloroethane

11-Dichloroethene
1,2-Dichloroethene

(total)
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene

trans-1,3-Dichloropropene

Ethylbenzene

2-Hexanone

Hethylene chloride
4-Methyl-2-pentanone

Styrene

1,11,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

Tetrachloroethene

Toluene

1,2,4-Trichloro-

benzene

RESULT
ND
ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
0.48 J
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
10
1.0
1.0
1.0
2.0
5.0
1.0
1.0
2.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
5.0
5.0
5.0
1.0
1.0
1.0
1.0
1.0
1.0

UNITS

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

ug/L
ug/L
ug/L

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L

ug/L
ug/L

ug/L

MDL
2.5

0.17
0.20
0.23

0.22

2.0
0.20
0.13
0.18
0.17

0.91
0.31
0.18
0.15

0.13

0.16
0.22
0.22

0.26

0.23
0.24

0.14
0.15
0.18
0.19
0.20
0.12
1.7

0.21

0.98
0.14

0.21

0.21

0.26

0.15
0.21

(Continued on next page)



LOCKWOOD GREENE

Client Sample ID: TRIP BL1ANX

GC/MS Volatiles

Lot-Sample I...: D3K120128-002 Work Order #...: F4L7W1AA Matrix .... : WATER

PARAMETER
1,1,1-Trichloroethane

1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl chloride
Xylenes (total)
n-Butylbenzene
sec-Butylbenzene
Isopropylbenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
n-Propylbenzene
tert-Butylbenzene
Dibromochloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-

chloropropane (DBCP)
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
Hexachlorobutadiene
4-Isopropyltoluene
Methyl tert-butyl ether
1,2,3-Trichlorobenzene
m-Xylene & p-Xylene
o-Xylene
Bromobenzene
Bromochloromethane
Naphthalene

RESULT
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

REPORTING
LIMIT
1.0
1.0
1.0
2.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
2.0

UNITS
ug/L
ug/L
u%/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

MDL
0.16
0.27
0.16
0.24
0.33
0.19
0.41
0.21
0.23
0.17
0.15
0.16
0.17
0.17
0.19
0.17
0.21
0.47

0.22
0.18
0.19
0.18
0.20
0.38
0.21
0.27
0.15
0.17
0.27
0.50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1.0
5.0
1.0

1.0

1.0

5.0
1.0

2.0
1.0

1.0

1.0

1.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

SURROGATE
Dibromofluoromethane
1,2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-d8

PERCENT

RECOVERY
95
100

93
102

RECOVERY
LIMITS
(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOTE(IS) :
I Esgimaui vesu RewUt is Im h5m RL.



LWOIOOD GREENE

Client Sample ID: LES MW2

GC/MS Semivolatiles

Lot-Sample V...: D3K120128-001
Date Sampled ...: 11/11/03 12:00
Prep Date ....... : 11/14/03
Prep Batch I...: 3318453
Dilution Factor: 1

work Order #...:
Date Received.-:
Analysis Date..:
Analysis Time..:

F4L7C1A9
11/12/03
12/11/03
02:25

Matrix . W-- : WATER

Method ......... : SW846 8270C

PARAMETER ___

Acenaphthene
Acenaphthylene
Acetophenone
2-Acetylaminofluorene
4-Aminobiphenyl
Aniline
Anthracene
Aramite
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzyl alcohol
bis(2-Chloroethoxy)

methane
bis(2-Chloroethyl)-

ether
bis(2-Ethylhexyl)

phthalate
4-Bromophenyl phenyl

ether
Butyl benzyl phthalate
4-Chloroaniline
Chlorobenzilate
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl

ether
Chrysene
Diallate
Dibenz(a,h)anthracene
Dibenzofuran
Di-n-butyl phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene

1,4-Dichlorobenzene

RESULT
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
10
10
10
100
50
10
10
20
10
10
10
10
10
10
10

UNITS
ug/Lr
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND 10

10

ND 10

ND
ND

IND
ND
ND
ND
ND

10
10
10
10
10
10
10

Ug/1

ug/L

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

MDL
0.60
0.60
2.0
1.0
1.0
4.0
3.0
2.0
0.B0
0.90
2.0
1.0
0.80
1.0
0.90

3.0

0.90

0.70

1.0
3.0
1.0
0.80
0.70
0.80
0.60

0.80
2.0
0.90
0.60
0.80
0.80
0.80
1.0

ND
ND
ND
ND
ND
ND
ND
ND

10
20
10
10
10
10
10

10

(Continued on next page)



LOCKWOOD GEBENE

Client Sample rD: LES MW2

GC/HS Semivolatiles

Lot-Sample A... : D3K120128-001 Work Order I...: F4L7ClA9 Matrix ... _ : WATER

PARAMETER
3,3'-Dichlorobenzidine

2,4-Dichlorophenol

2,6-Dichlorophenol

Diethyl phthalate

Dimethoate

7,12-Dimethylbenz(a)-
anthracene

3,3'-Dimethylbenzidine
2,4-Dimethylphenol

Dimethyl phthalate

1,3-Dinitrobenzene

4,6-Dinitro-

2-methylphenol

2,4-Dinitrophenol

2,4-Dinitrotoluene

2,6-Dinitrotoluene

Di-n-octyl phthalate
Diphenylamine
Disulfoton
Ethyl methanesulfonate
Pluoranthene
Fluorene

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopenta-
diene

Hexachloroethane
Hexachloropropene
Indeno(1,2,3-cd)pyrene
Isodrin

Isophorone

Isosafrole

Methapyrilene
3-Methylcholanthrene
Methyl methanesulfonate
2-Methylnaphthalene
Methyl parathion
2-Methylphenol

3-Methylphenol &

4-Methylphenol
Naphthalene

1,4-Naphthoquinone
1-Naphthylamine

RESULT

ND
ND
ND
ND
ND
ND

REPORTING
LIMIT

50
10
10
10
20
20

ND
ND
ND

ND

ND

20

10
10
10
50

ND
ND

ND
ND
ND
ND

ND

ND
ND
ND

ND
ND

50

10

10

10

10

50

10

10

10

10

10

50

UNITS MDL

ug/L 8.0

ug/L 0.70

ug/L 1.0

ug/L 0.70

ug/L 2.0

ug/L 2.0

ug/L 10

ug/L 4.0

ug/L 0.80

ug/L 2.0
ug/L 6.0

ug/L 6.0

ug/L 1.0

ug/L 0.80

ug/L 1.0
ug/L 1.0
ug/L 6.0
ug/L 2.0
ug/L 0.70

ug/L 0.60

ug/L 0.80

ug/L 1.0
ug/L 5.0

ug/L 0.80

ug/L 1.0
ug/L 0.80
ug/L 3.0

ug/L 0.90

ug/L 2.0

ug/L 30

ug/L 3.0
ug/L 2.0

ug/L 0.80

ug/L 2.0
ug/L 0.90
ug/L 0.80

ug/L 0.80

ug/L 2.0

ug/L 2.0

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

10
100
10
10
10
20

50
20

10
10
50

10
10

ND
ND

ND

10
50
10

(Continued on next page)



LOCKWOOD GREENE

Client Sample ID: LES MW2

GC/MS Semivolatiles

Lot-Sample I...: D3K120128-001 Work Order #...: F4L7CIA9 FMatrix .-------- WATER

REPORTING

PARAMETER RESULT LIMIT UNITS MDL

2-Naphthylamine ND 10 ug/L 1.0

2-Nitroaniline ND 50 ug/L 0.90

3-Nitroaniline ND 50 ug/L 0.90

4-Nitroaniline ND 50 ug/L 6.0

Nitrobenzene ND 10 ug/L 2.0

2-Nitrophenol ND 10 ug/L 0.80

4-Nitrophenol ND S0 ug/L 7.0

4-Nitroquinoline- ND 100 ug/L So

1-oxide

N-Nitrosodi-n-butylamine ND 10 ugfL 2.0

N-Nitrosodiethylamine ND 10 Ug/L 2.0

N-Nitrosodimethylamine ND 10 ug/L 0.80

N-Nitrosodiphenylamine ND 10 ug/L 1.0

N-Nitrosodi-n-propyl- ND 10 ug/L 0.70

amine

N-Nitrosomethylethylamine ND 10 ug/L 2.0

N-Nitrosomorpholine ND 10 ug/L 2.0

N-Nitrosopiperidine ND 10 ugJL 2.0

N-Nitrosopyrrolidine ND 10 ug/L 2.0

5-Nitro-o-toluidine ND 20 ug/L 1.0

Parathion ND 50 ug/L 2.0

Pentachlorobenzene ND 10 Ug/L 2.0

Pentachloroethane ND 50 ug/L 2.0

Pentachloronitrobenzene ND 50 ug/L 2.0

Pentachlorophenol ND 50 ug/L 5.0

Phenacetin ND 20 ug/L 1.0

Phenanthrene ND 10 ug/L 0.70

Phenol ND 10 ug/L 0.90

Phorate ND S0 ug/L 1.0

2-Picoline ND 20 ug/L 1.0

Pronamide ND 20 ug/L 1.0

Pyrene ND 10 ug/L 0.80

Pyridine ND 20 ug/L 10

1,2,4,5-Tetrachloro- ND 10 ug/L 2.0

benzene
2,3,4,6-Tetrachlorophenol ND 50 ug/L 5.0

Thionazin ND 10 ug/L 2.0

o-Toluidine ND 10 ug/L 2.0

1,2,4-Trichloro- ND 10 ug/L 0.90

benzene
2,4,5-Trichloro- ND 10 ug/L l.o

phenol
2,4,6-Trichloro- ND 10 ug/L 0.80

phenol

(Continued on next page)



LOCZMOOD GREENE

Client Sarple ID: LES MW2

GC/MS Semivolatiles

Lot-Sample #. -: D3K120128-001 work Order ... : F4L7C1A9 Matrix .... : WATER

PARAMETER
0,0 0-Triethylphosphoro-

thioate
1,3,S-Trixitrobenzene

RESULT

ND

ND

REPORTING
LIMIT
50

UNITS
ug/L

MDL
2.0

2.0so ug/L

SURROGATE
2-Fluorophenol
Phenol-d5
Nitrobenzene-d5
2-Fluorobiphenyl
2,4,6-Tribromophenol
Terphenyl-d14

PERCENT
RECOVERY
66
73
79
70
74
84

RECOVERY
LIMITS
(32 - 116)

(40 - 111)

(53 - 107)

(31 - 105)
(42 - 122)
(21 - 125)



i

LOCKWOOD GREENE

Client Sample ID: LES MI2

GC Semivolatiles

Lot-Sample ... : D3F120128-001

Date Sampled...: 11/11/03 12:00
Prep Date......: 11/17/03

Prep Batch 1...: 3321203
Dilution Factor: 1

Work Order i...:
Date Received..:
Analysis Date..:
Analysis Time..:

F4L7C1CC
11/12/03
12/12/03
23:49

Matrix ..... : WATER

Method .... : SW846 8081A

PARAMETER

Aldrin
alpha-BBC
beta-BHC
delta-BHC
gamma-BHC (Lindane
Chlordane (technic;
4,4' -DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endrin
Endrin aldehyde
Endosulfan I
Zndosulfan II
Endosulfan sulfate
Heptachlor
Heptachlor epoxide
metboxychlor
Toxaphene

al)

RESULT
ND
ND
ND
ND
ND
ND
WD
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
0.050
0.050
0.050
0.050
0.050
0.50
0.050
0.050
0.050
0.050
0.050
0.050
0.050

0.050
0.050
0.050
0.050
0.10
5.0

UNITS
ugJL
ug/L
ug/L

Ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

MDL
0.0070
0.010
0.010
0.010
0.0080
0.060
0.010
0.010
0.010
0.0090
0.020
0.010
0.020
0.010
0.010
0.010
0.010
0.020
0.50

SURROGATE

Decachlorobiphenyl
Tetrachloro-m-xylene

PERCENT
RECOVERY
93
117 *

RECOVERY
LIMITS
(29 - 125)

(40 - 115)

NOTE (S):
* Sunoete rewvy is outside swed rawrol limits.



LOCXWOOD GREENe

Client Sample rD: LES MV2

GC Semivolatiles

Lot-Sample 4.-.: D3K120128-001

Date Sampled.-: 11/11/03 12:00

Prep Date ...... : 11/17/03

Prep Batch #--- : 3321215

Dilution Factor: l

Work Order I...:
Datc Received. :

Analysis Date..:
Analysis Time..:

F4L7C1CA
11/12/03
12/07/03

19:55

Matrix ... : WATER

Method ........ : SW846 8082

PARAMETER
Aroclor 1016
Aroclor 1221
Aroclor 1232

Aroclor 1242

Aroclor 1248
Aroclor 1254
Aroclor 1260

RESULT
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
1.0

1.0

1.0

1.0

1.0

1.0

1.0

UNITS
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

MDL
0.l5

0.25
0.14
0.14
0.15
0.22
0.16

.

SURROGATE
Tetrachloro-m-xylene
Decachlorobiphenyl

PERCENT
RECOVERY
95

89

RECOVERY
LIMITS
(52 - 160)
(37 - 144)



LOCXKOOD GREENE

Client Sample ID: LES MM2

GC Semivolatiles

Lot-Sample U...:
Date Sampled...:
Prep Date....:
Prep Batch C...:
Dilution Factor:

D3K120128-001
11/11/03 12:00
11/18/03
3322194
1

Work Order #...:
Date Received. -:
Analysis Date..:
Analysis Time..:

F4L7C1CD
11/12/03
12/02/03
15:15

Matrix ...... : WATER

Method ......... : SW846 8141A

PARAMETER
Azinphos-methyl
Bolstar
Chlorpyrifos
Coumaphos
Demeton (total)
Diazinon
Dichlorvos
Dimethoate
Disulfoton
Ethoprop
Ethyl parathion
Famphur
Fensulfothion
Penthion
Malathion
Merphos
Methyl parathion
Mevinphos
Naled
0,0.0-Triethylphosphoro-

thioate
Phorate
Ronnel
Sulfotepp
Thionazin
Tokuthion
Trichloronate
EPN
Demeton-O
DeLeton-S
Tetrachlorvinphos (Stirophos)

RESULT
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT
2.5
0.50
O.50
0.50
1.0
0.50
0.50
0.50
0.50
0.50
0.50
1.0
2.5
0.50
1.2
5.0
0.50
6.2
10
0.50

UNITS
ug/L
ug/L
ugJL
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ugJL
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
Ug/L

MDL
0.14
0.14
0.054
0.079
0.19
0.039
0.13
0.18
0.057
0.056
0.040
0.054
0.22
0.061
0.050
0.063
0.061
0.16
0.22
0.15

0.075
0.11
0.030
0.059
0.071
0.057
0.050
0.19
0.19
0.056

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.50

10

0.50
0.50

0.50
0.50
0.50
1.0
1.0
2.5

SURROGATE
Chlormefos
Etbyl Pirimifos

PERCENT
RECOVERY

89
80

RECOVERY
LIMITS
(49 - 105)

(20 - 121)



LOCKWOOD GRERNB

Client Sample ID: LBS MH2

TOTAL Metals

Lot-Sample I...: D3K120128-001

Date Sampled...: 11/11/03 12:00 Date Received..: 11/12/03

Matrix. ------ : WATER

REPORTING
LIMIT UNITSPARAMETER RESULT METHOD

Prep Batch

Mercury

Prep Batch
Silver

Aluminum

Arsenic

Barium

Beryllium

Boron

Cadmium

Cobalt

Chromium

Copper

Iron

Manganese

Y...: 3317398

ND

1...: 3317761
0.89 BJ

58 B

ND

16 J,L

ND

1700 J

ND

0.84 B

3.6 B

4.0 B

35 B

670

0.20 Ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

100 ug/L

Dilution Factor: 1

15 ug/L
Dilution Factor: 1

10 ug/L
Dilution Factor: 1

5.0 ug/L

Dilution Factor: 1

100 ug/L

Dilution Factor: I

5.0 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

10 ug/.
Dilution Factor: 1

10 ug/L

Dilution Factor: I

100 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

SW84G 7470A

Analysis Time..: 18:13

SW846 6010B

Analysis Time..: 18:07

5846 60108

Analysis Time..: 23:05

SW846 6010B

Analysis Time. -: 18:07

SW846 6010B

Analysis Time..: 28:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 23:05

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SH846 6010B

Analysis Time..: 23:05

SW846 6010B

Analysis Time..: 23:CS

PREPARATION- WORK

ANALYSIS DATE ORDER #

11/18/03 F4L7C1A7

MDL .. : 0.054

11/19-11/20/03 F4L7C1AK

MDL .......... .: 0.90

11/19-11/21/03 F4L7C1AL

MDL . : 20

11/19-11/20/03 F4L7C1AM

MDL . : 4.9

11/19-11/20/03 F4L7CWAN

MDL .. . 0.37

11/19-11/20/03 F4L7C1AP

MDL .. : 0.41

11/19-11/21/03 F4L7C1AQ

MDL . 8.3

11/19-11/20/03 F4L7C1AR

MDL . : 0.27

11/19-11/20/03 P4L7C1AT

MDL . : 0.67

11/29-11/20/03 F4L7ClAU

MDL .. : 2.1

11/19-11/20/03 F4L7C1AV

MDL .. : 0.91

11/19-11/21/03 F4L7CLAW

MDL........... 19

11/19-11/21/03 F4L7ClAX

MDL .......... 0.54

(Continued on next page)



LOCKWOOD GREENE

Client Sample ID: LES HW2

TOTAL Metals

Lot-Sample #-..: D3K120128-001 Matrixr....... : WATER

PARPJMETER

Molybdenum

Nickel

Lead

Antimony

Selenium

Thallium

RESULT

39

ND

ND L

-

REPORTING

_ LIMIT UNITS

20 ug/L
Dilution Factor: 1

40 ug/L

Dilution Factor: 1

3.0 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

15 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: I

METHOD

SW846 6010B
Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Time..: 18:07

SW846 6010B

Analysis Tine..: 18:07

PREPARATION- WORK

ANALYSIS DATE ORDER #
11/19-11/20/03 F4L7ClAO

MDL . : 2.3

11/19-11/20/03 F4L7ClAl

MDL ... . 4.2

11/19-11/20/03 F4L7C1A2

MDL .......... 2.1

11/19-11/20/03 F4L7CLA3

MDL . 3.6

11/19-11/20/03 F4L7C1A4

MDL .. . 4.6

11/19-11/20/03 F4L7C1A5

MDL .. 8.1

ND

ND

in; 7.8 8,L 20 ug/L
Dilution Factor: 1

SW846 6010B
Analysis Time..: 18:07

1/19-ll/20/03 F4L7C1A6
MDL . : 7.1

NOE (S): -

B EsUatad k. XcRi Is kss thn IL

I MXhod blank caaniratfL The lasoaed ah b ian sa the rEt analyte at a wtqbc krc.

L Serial duion at a digeiac inse analyical baih indices x physical and dianicgaences are ps



LOCKWOOD GRERNE

Client Sample ID: LBS MW2

General Chemistry

D3K12012e-001 Work Order -.-.-: F4L7C

11/11/03 12:00 Date Received..: 11/12/03
Lot-Sample #-:
Date Sampled...:

Matrix ...... ,.:.WATER

PARAMETER RESULT RL UNITS METHOD

Chemical Oxygen 14 B 20

Demand (COD)
Dilution Factor

Chloride 1800 Q 300
Dilution Factor:

Fecal Coliform ND 1.0 C

Dilution Factor:

Fluoride ND G 5.0 n
Dilution Factor:

Nitrate ND G 2.5 U

Dilution Factor:

nitrite ND G 2.5 m

Dilution Factor:

Specific Conductance 7200 2.0 u

Dilution Factor:

Sulfate 2400 Q 500 It

Dilution Factor:

Total Coliform ND 1.0 C

Dilution Factor:

Total Cyanide ND 0.010 mi

Dilution Factor:

Total Dissolved 6000 Q 40 M

Solids
Dilution Factor-

Total Suspended 2.8 B 4.0 .

Solids
Dilution Factor:

NOT (S):
RL Repottigl mia

n EuSiinmed rtsle. Resti is kss tim RL

Q Fievd reporng linse. The trqpOilg limit is leksned due so hleigh aml kvds.

Ek-etd meponing limit. lbe repoking limit is ekevad due to mstrix hlcrcire'e

ng/L

: 1

og/L
: 100

CFU/lOOm

: 1

Ig/L

- s

ig/L

: s

rg/L
5

smbos/cm

:1

g/L
100

:1

g/L
1

agIL

4t

M1CAW 410.4

Analysis Time..: 13:40

MCAWI 300.OA
Analysis Time..: 18:20

SMl8 9222D Fecal

Analysis Time..: 11:00

MCAWW 300.OA

Analysis Time..: 17:58

MCAWW 300.OA

Analysis Time..: 17:58

MCAWW 300-OA

Analysis Time..: ±7:58

MCIV 120.1

Analysis Time..: 12:00

MCAWI 300.OA

Analysis Time..: 18:20

SM18 9222B

Analysis Time..: 11:00

MCAWW 335.3

Analysis Time..: 13:00

MCMIV 160.1

Analysis Time..: 18:00

MCAWV 160.2

Analysis Time..: 20:00

PREPARATION- PREP

ANALYSIS DATE BATCH N

11/23/03 3327118

MDL ............ 2.9

11/12/03 3317591

MDL ......... 20

11/12/03 3321262

MDL ...... :

11/12/03 3317590

MDL ...... : O.S0

11/12/03 3317593

MDL ... . 0.25

11/12/03 3317594

MDL ...... : 0.25

11/17/03 3321475

MDL ...... :

11/12/03 3317592

MDL .. .. 20

11/12/03 3321264

MDL .

11/19/03 3324356

NDL.. 0.0039

11/17/03 3329641

MDL .......... 12

11/17/03 3324539

MDL .. : 0.87



QC DATA ASSOCIATION SUMMARY

D3K12 0128

Sample Preparation and Analysis Control Numbers

ANALYTICAL LEACH PREP

SAMPLE4 MATRIX METHOD BATCH I BATCH N MS RUNY

001 WATER MCAWW 120.1 3321475 3322095

WATER MCAWW 160.1 3329641 3330150

WATER MCAWW 160.2 3324539 3324286

WATER MCAWW 300.OA 3317591 3317295

WATER MCAWW 300.OA 3317592 -3317302

WATER VCcAWW 300.OA 3317590 3317291

WATER MCAWW 300.OA 3317593 3317301

WATER MCAWW 300.OA 3317594 3317297

WATER SM18 9222D Fecal 3321262

WATER SW846 7470A 3317398 331717S

WATER SMI1 9222B 3321264

WATER SW846 8141A 3322194 3322082

WATER SW846 8082 3321215

WATER SW846 8081A 3321203

WATER SW846 8260B 3327096 3327009

WATER SW846 8270C 3318453

WATER SW846 6010B 3317761 3317382

WATER MCAWW 335.3 3324356 3324184

WATER MCAWW 410.4 3327118 3327030

002 WATER SW846 8260B 3327096 3327009



METHOD BLNK REPORT

GC/MS Volatiles

Client Lot I...: D3K120128

MB Lot-Sample I: D3K230000-096

Analysis Date..: 11/21/03

Dilution Factor: 1

Work Order #...= F5G461AA

Prep Date ........ 11/21/03

Prep Batch #...= 3327096

Matrix ...... : WATER

Analysis Time..: 09:08

PARAMETER

Acetone

Benzene

Bromodichloromethane

Bromoform

Bromomethane

2-Butanone (MEK)

Carbon tetrachloride
Chlorobenzene
Chloroethane

Chloroform

Chloromethane
Dibromomethane

1,2-Dibromoethane (EDB)

'.2-Dichlorobenzene

,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
ll-Dichloroethane
1,2-Dichloroethane

1,l-Dichloroethene

1,2-Dichloroethene
(total)

cis-1,2-Dichloroethene
trans-i1 2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
2-Hexanone

Methylene chloride
4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane

Tetrachloroethene
Toluene
1,2,4-Trichloro-
benzene

1,1,l-Trichloroethane
11,2-Trichloroethane

ichloroethene

RESULT
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORTING
LIMIT

10
1.0
1.0
1.0
2.0
5.0
1.0
1.0
2.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
2.0
1.0

1.0
1.0
1.0

UNITS

ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L

ug/L

ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

ug/L
ug/L

ug/L

METHOD
SW846 8260B

SW846 8260B
SW846 82609
SW846 8260B
SW846 8260B

SW846 8260B
SWS46 8260B
SW846 8260B
SW846 8260B
SW846 8260B

SW846 82609
SW846 8260B

SW846 82608
SW846 8260B
SW846 8260B

SW846 8260B
SW846 8260B

SW846 8260B
SW846 82608
SWB46 8260B
SW846 8260B

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

1.0

1.0
1.0

1.0
1.0
1.0
5.0
5.0
5.0
1.0
1.0
1.0
1.0
1.0
1.0

SW846
SW846

SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846

82608
8260B
8260B
82609
8260B
8260B

8260B
8260B
8260B

8260B
8260B
8260B
8260B

8260B
8260B

8260B
8260B
8260B

ND
ND
ND

1.0
1.0
1.0

(Continued on next page)



I

METHOD BLANK REPORT

GC/MS Volatiles

Client Lot I... : D3K120128 Work Order I ... : F5G461AA Matrix .... : WATER

PARAMETER
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl chloride
Xylenes (total)
n-Butylbenzene

sec-Butylbenzene
Isopropylbenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
D - Propylbenzene
tert-Butylbenzene
Dibromochloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-

chloropropane (DBCP)
1,3-Dichloropropane
1,2-Dichloropropane

J-Dichloropropene
Hexachlorobutadiene
4-Isopropyltoluene
Methyl tert-butyl ether
1,2,3-Trichlorohenzene

m-Xylene & p-Xylene

o-Xylene

Bromobenzene
Bromochlororethane
Naphthalene

SURROGATE
Dibromofluoromethane
1,2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-d8

RESULT
ND

ND
ND

ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

REPORTINC
LIMIT
2.0
1.0
1.0
2.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0

UNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L
ug/L

ug/L
ug/L

ug/L
ug/L
ug/L

ug/L

ug/L

Ug/L
ug/L
ug/L
ug/L

ug/L

METHOD
SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B
SW846 8260B

SW846 8260B
SW846 8260B

ND
ND
ND
ND
ND

ND
ND

ND

ND
ND
ND
ND

1.0
5.0
1.0

1.0
1.0
5.0
1.0
2.0
1.0
1.0
1.0
1.0

SW846

SW846

SW846

SW846

SW846
SW846

SWO46

SW646
SW846
SW846

SW846
SW846

8260B
8260B
826OB
8260B
8260B

8260B
8260B

8260B
8260B
8260B
8260B
6260B

PERCENT
RECOVERY
90
86

85

102

RECOVERY
LIMITS
(76 - 116)

(59 - 129)

(74 - 114)
(76 - 116)

NOTE (S):
Cakcwjmns are perfomud bdfore wrtifmg to arv;d urd-off enaos in ca taed resdis



LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC/MS Volatiles

Client Lot I...: D3K120128

LCS Lot-Sample#: D3X230000-096

Prep Date.....: 11/21/03

Prep Batch #...: 3327096

Dilution Factor: 1

Work Order I.. : FSG461AC Matrix .---- : WATER

Analysis Date..: 11/21/03

Analysis Time-.: 08:43

PARAMETER

Benzene
Cblorobenzene

1,1-Dichloroethene
Toluene

Trichloroethene

PERCENT

RECOVERY
91
87
92
93
95

RECOVERY

LIMITS

(75 - 116)
(77 - 117)

(67 - 125)

(74 - 115)
(80 - 123)

METHOD

SW846 8260B

SW846 8260B
SW846 8260B
SWH46 826SB
SW846 8260B

SURROGATE
Dibromofluoromethane

1,2-Dichloroethane-d4
4-Bromofluorobenzene

Toluene-d8

PERCENT

RECOVERY
90
86
88
104

RECOVERY
LIMITS

(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOMB (S):

Cakubicm am perkond before rouding w avoid rm odT -rram a caiWami -ul

Bold prim demm conad prnmaers



L .30RA'ORY CONTROL SAMPLE DATA REPORT

GC/MS Volatiles

Client Lot . .-- : D3K120128

LCS Lot-SampleY: D3K230000-096

Prep Date ........ 11/21/03

Prep Batch 1...: 3327096
Dilution Factor: 1

Work Order I...: FSG461AC

Analysis Date..: 11/21/03

Analysis Time..: 08:43

Matrix ..... : WATER

Benzene
Chlorobenzene
1,1-Dichloroethene
Toluene
Trichloroethene

SPIKE

AMOUNT
10.0
10.0
10.0
10.0
10.0

MEASURED
AMOUNT
9.09

8.72

9.16

9.29

9.51

UNITS
ug/L

ug/L

ug/L

ug/L
ug/L

PERCENT

RECOVERY

91
87

92

93

95

METHOD

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SW846 8260B

SURROGATE
Dibromofluoromethane
1,2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-d8

PERCENT
RECOVERY
90
86
88
104

RECOVERY
LIMITS
(76 - 116)

(59 - 129)
(74 - 114)

(76 - 116)

W=(S):
Zalcbdowi am perfomned before rowding av*id rawd-off emnos hi caad reouhs.

Dod prim dcnmes eaMr paraa



MATRIX SPIKE SAMPLE EVALUATION REPORT

GC/MS Volatiles

Client Lot #...: D3K120128

1S Lot-Sample I: D3M170149-001

Work Order I. .:

Date Sampled...:
Prep Date ...... :

Prep Batch #...:
Dilution Factor:

11/14/03
11/21/03
3327096
133.3

15:18 Date Received..:
Analysis Date..:

Analysis Time-.:

F41HDlAC-MS
F41HDIAD-MSD
11/14/03
11/21/03
09:56

Matrix ....... : WATER

PARAMETER
Benzene

Chlorobenzene

1, 1-Dichloroethene

Toluene

Trichloroethene

PERCENT
RECOVERY
94
99

96

93

82

84

99
99
98
100

RECOVERY
LIMITS
(75 - 116)

(7S - 116)

(77 - 117)

(77 - 117)
(67 - 125)

(67 - 125)

(74 - 115)

(74 - 115)

(80 - 123)

(80 - 123)

RPD
RPD LIMITS METHOD

SW846 8260B

4.2 (0-20) s8W46 8260B

SWS46 8260B

3.2 (0-20) 8846 8260B

SW846 8260B

2.4 (0-20) 5846 8260B

SW846 8260B

0.42 (0-20) SW846 8260B

SW846 8260B

1.9 (0-20) SW846 8260B

'URROGATE
ibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT
RECOVERY
88
93
88
88
92
89
109
96

RECOVERY
LIMITS
(76 - 116)
(76 - 116)
(59 - 129)
(59 - 129)
(74 - 114)

(74 - 114)
(76 - 116)
(76 - 116)

RWOTE(S):

Calaatim am perfonmd befor mfdi g avoWid tu"offe in ciasled h1s.

Bdd prWk decws caol parunw



MATRIX SPIKE SAMPLE nATA REPORT

GCfMS Volatiles

Client Lot if...:
MS Lot-Sample #:

Date Sampled... :

Prep Date ...... :

Prep Batch #...:

Dilution Factor:

D3K120128

D3K170149-001
11/14/03 15:18

11/21/03

3327096

133.3

Work Order 4...:

Date Received..:

Analysis Date..:

Analysis Time..:

F41HDIAC-MS

F41HD1AD-MSD

11/14/03

11/21/03

09:56

Matrix ....... : WATER

PARAMETER
Benzene

Chlorobenzene

1,1-Dichloroethene

Toluene

Trichloroethene

SAMPLE SPIKE

AMOUNT AMT

ND 1330
ND 1330
ND 1330

ND 1330
ND 1330

ND 1330
ND 1330
ND 1330

30 1330
30 1330

M4EASRD

AMOUNT UNITS

1260 ug/L

1310 ug/L
1280 ug/L

1240 ug/IL

1100 ug/L

1120 ug/L

1320 ug/L
1330 ug/L

1340 ug/L
1360 ug/L

PERCNT
RECVRY RPD METHOD

94 5846 8260B

99 4.2 SW846 8260B

96 S846 8260B

93 3.2 SW846 82601

82 SW846 8260B

84 2.4 SW846 8260B

99 SW846 8260B

99 0.42 SW846 8260B

98 SW846 8260B

100 1.9 5W846 8260B

SURROGATE
dbromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-dS

PERCENT

RECOVERY
88

93
88

88

92

89

109
96

RECOVERY

LIMITS

(76 - 116)

(76 - 116)

(59 - 129)

(59 - 129)

(74 - 114)

(74 - 114)

(76 - 116)

(76 - 116)

NOTE(S): ,

Caktbfons ace pfmrined before cudaq zw 1g mr-off enrms m calaaied revis.

Bod priod dewes cos 1 paramders



METHOD BLANK REPORT

GC/MS Sewivolatiles

Client Lot I....: D3Kl20128
MB Lot-Sample 1: D3K140000-453

Analysis Date..: 12/10/03

Dilution Factor: 1

Work Order S...: F4V7P1AA

Prep Date ...... : 11/14/03
Prep Batch 8...: 3318453

Matrix .... : WATER

Analysis Tiue..: 23:07

PARAMETER
Acenaphthene
Acenaphthylene
Acetophenone
2-Acetylaminofluorene
4-Aminobiphenyl
Aniline
Anthracene
Aramite
Benzo(a)anthracene
Benzo(b)fluoranthene
BenzoC) fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Itenzyl alcohol

is(2-Chloroethoxy)
methane

bis(2-Chloroethyl)-
ether

bis(2-Ethylhexyl)
phthalate

4-Bromophenyl phenyl
ether

Butyl benzyl phthalate
4-Chloroaniline
Chlorobenzilate
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl

ether
Chrysene
Diallate
Dibenz(a,h)anthracene
Dibenzofuran
Di-n-butyl phthalate
1,2-Dichlorobenzene
13-Dichlorobenzene
1,4-Dichlorobenzene
3,3 -Dichlorobenzidine
2,4-Dichlorophenol

6-Dichlorophenol

REPORTING
RESULT LIMIT
ND 10
ND 10
ND 10
ND 100
ND 50
ND 10
ND 10
ND 20
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10
ND 10

UNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

METHOD
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SWS46 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

ND 10

ND 10

ND 10

ND
ND
ND
ND
ND
ND
ND

10
10
10
10
10
10
10

ug/L

ug/L

ug/L

ug/L
ug/L
ug/.
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

10
20
10
10
10
10
10
10
50
10
10

SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C

SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C

(Continued on next page)



NMmTOD BLUNM REPORT

GC/MS Semivolatiles

Client Lot #...: D3K120128 Work Order A...: F4V7P1x& Matr ix ......... : WATER

PARAMETER

Diethyl phthalate
Dimethoate
7,12-Dimethylbenz(a)-

anthracene
3,3 -Dimethylbenzidine
2.4-Dimethylphenol
Dimethyl phthalate
1,3-Dinitrobenzene
4,6-Dinitro-

2-methylphenol
2,4-Dinitrophenol
2.4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octyl phthalate
Diphenylamrine
Disulfoton
Ethyl methanesulfonate
-l.uoranthene
.uorene

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopenta-

diene
Hexachloroethane
Hexachloropropene
Indeno(l,2,3-cd)pyrene
Isodrin
Isophorone
Isosafrole
Methapyrilene
3-Methylcholanthrene
Methyl nmethanesulfonate
2-Methylnaphthalene
Methyl parathion
2-Methylphenol
3-Methylphenol &
4-Methylphenol

Naphthalene
1,4-Naphthoquinone
1-Haphthylamine
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
A-Nitroaniline

trobenzene

REPORTING
RESULT LIMIT UNITS
ND 10 ug/L
ND 20 ug/L
ND 20 ug/L

-

METHOD

ND
ND
ND
ND
ND

20
10
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND

50
10
10
10
10
50
10
10
10
10
10

50

10
100

,10
10
10
20
50
20
10
10
50
10
10

10
50
10
10
50
50

50
10

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ing/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SW846
SSW846
SW846

SW846
SW846
SW846

SW846
SW846
SW846 I

SW846 I
SW846 I
SW846 I
SW846 I
Sh846 I
SW846 I
SW846 I

SW846 I
SW846I

SW846 1
SWS46 8
SW846 8
SW846 E
SW846 C
SW846 E

8270C
8270C
8270C

8270C
8270C
8270C
8270C
8270C

8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
6270C
8270C

8270C
8270C
8270C
8270C
8270C
B270C
B270C
8270C
B270C
8270C
3270C
3270C
3270C

3270C
3270C
8270C
8270C
8270C
1270C
8270C
1270C

(Continued on next page)



METHOD BLANK REPORT

CC/MS Semivolatiles

Client Lot S--.: D3K120128 Work Order ... : F4V7P1AA Matrix .. . : WATER

PARAMETER

2-Nitrophenol
4-Nitrophenol
4-Nitroquinoline-

1-oxide
N-Nitrosodi-n-butylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propyl-

amine
N-Nitrosomethyletbylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
5-Nitro-o-toluidine
Parathion
Pentachlorobenzene
°entachloroethane

!ntachloronitrobenzene
Pentachlorophenol
Phenacetin

RESULT
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

ND

REPORTING
LIMIT
10
sa

100

10
10
10
10
10

10
10
10
10
20
50
10
50
50
50
20
10 I
10 1
50 1

20 1
20 1

10 1
20 1

10 1

50 I
10 I
10 A
10 I

10 I

UNITS
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
Llg/L
ug/L
ig/L
Ig/L

ug/L
ig/L
ug/L
ig/L

Ig/L

ug/L

ug/L

ug/L

METHOD
SW846 8270C
SW846 8270C
SW846 8270C

SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C

SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C

SW846 8270C
SW846 8270C
SW846 8270C
SW846 8270C

Phenanthrene
Phenol
Phorate
2-Picoline
Pronamide
Pyrene
Pyridine
1,2,4,5-Tetrachloro-
benzene

2,3,4,6-Tetrachlorophenol
Thionazin
o-Toluidine
1,2,4-Trichloro-

benzene
2,4,5-Trichloro-
phenol

2,4,6-Trichloro-

phenol
0,0,0-Triethylphosphoro-

thioate
1,3,5-Trinitrobenzene

ND 10 u

L

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

ND 50

ND 50

(Continued on next page)



METhOD BLMNK REPORT

GC/MS Semivolatiles

Client Lot I...: D3K120128 Work Order I ....: F4V7P1AA Matrix......... : WATER

REPORTING
LIMITPARAMETER RESULT UNITS METHOD

SURROGATE
2-Fluorophenol
Phenol-d5
Nitrobenzene-dS
2-Fluorobiphenyl
2,4,6-Tribromnophenol
Terphenyl-d14

PERCENT
RECOVERY
70
72
70
62

69
77

RECOVERY
LIMITS
(32 - 116)
(40 - 111)

(53 - 107)
(31 - lOS)
(42 - 122)
(21 - 125)

1TE (SI:
Caknxuions ate peaokmed bdor mncnC6 Io avW rMd-off errors in caladaled reats.

I



LAI3ORATRY CONTROL SAMPLE EVALOXION REPORT

GC/MS Semivolatiles

Client Lot V...: D3K120128

LCS Lot-Samplef: D3XI40000-453

Prep Date .... : 11/14/03

Prep Batch I...: 3318453
Dilution Factor: 1

Work Order I...: F4V7PlAC-LCS Matrix ......... : WATER

F4V7PlAD-LCSD

Analysis Date..: 12/10/03

Analysis Time- : 23:32

PARAMETER
Acenaphthene

4-Chloro-3-methylphenol

2-Chlorcphenol

1, 4-Dichlorobenzene

2.4-Dinitrotoluene

4-Nitrophenol

N-Nitrosodi-n-propyl-

PERCENT
RECOVERY
73
68

77

77
80

78

63
53

71
68

67

62
73

RECOVERY
LIMITS

(55 - 97)

(55 - 971
(59 - 106)

(59 - 106)

(59 - 105)
(59 - 105)

(31 - 98)

(31 - 98)
(57 - 113)

(57 - 113)
(43 - 118)
(43 - 118)

(51 - 99)

(51 - 99)

RPD
RPD LIMITS METHOD

6S846 8270C
7.0 (0-30) S1846 8270C

SW846 8270C

0.26 (0-40) SW846 8270C

S6846 8270C
3.1 (0-40) 5846 8270C

SW846 8270C

17 (0-40) S6846 8270C

5R846 8270C

4.3 (0-40) SN846 8270C

SW846 8270C

7.2 (0-40) SW846 8270C

SR846 8270C

3.4 (0-40) SW846 8270C
amine

71

Pentachlorophefnol

Phenol

Pyrene

1,2,4-Trichloro-
benzene

73
70

81
80

73
72

62

(48

(48
(56

(56

(51
(51
(36

- 114)
- 114)
- 106)
- 106)
- 103)

- 103)

- 99)

4.0

2.1

1.2

SW846

(0-40) S1846
SW846

(0-40) SW846
SW846

(0-40) SH846
SH846

8270C

8270C

8270C

8270C

8270C
8270C

8270C

54 (36 - 99) 14 (0-40) SW846 8270C

SURROGATE
2-Fluorophenol

Phenol-d5

Nitrobenzene-dS

2-Fluorobiphenyl

2,4,6-Tribromophenol

PERCENT
RECOVERY
75
72
79

76
78
76

66

54
76

RECOVERY
LIMITS
(54 - 105)
(54 - 105)
(55 - 106)
(55 - 106)
(58 - 108)
(58 - 108)

(53 - 97)

(53 - 97)
(62 - 113)

(62 - 113)
(S5 - 109)

73
Terphenyl-d14 78

(Continued on next page)



IJBORAORY CONTROL SAMPLE EVALCJMOK REPORT

GC/HS Semivolatiles

Client Lot A... D3K120128 work Order I1 : F4V7PlAC-LCS Matrix ......... WATER

LC Lot-Sample#: D3K140000-453 F4V7PlAD-LCSD

PERCENT RECOVERY

SURROGATE RECOVERY LIMITS
77 (55 - 109)

NOTE (S):
Calorikons are perroLmed before rAniC to avoid Iud-off arms in caoated ressts.

Bod prif dxels coaud pamaels r



LABORATORY CONTROL SAMPLE DATA REPORT

GC/MS Sewivolatiles

Client Lot -..,: D3K120128

LCS Lot-Sample#: D3K140000-453

Prep Date ...... : 11/14/03

Prep Batch I...: 3318453

Dilution Factor: 1

Work Order X.__: F4V7PLAC-LCS Matrix ......... : WATER

F4V7P1AD-LCSD
Analysis Date..: 12/10/03

Analysis Time.-: 23:32

SPIKE MEASURED

PARAMETER

Acenaphthene

4-Chloro-3-methylphenol

2-Chlorophenol

1.4-Dichlorobenzene

AMOUNT

100

100

150
150

150

150

100

100

100

100

150
150

100

AMOUNT

72.7
67.8
11s
115
120

117
63.3
53.2
70.5
67.6
101
93.6
73.2

UNITS
ug/L

ug/L

ug/l.
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L
ug/L

ug/L
ug/L

PERCENT
RECOVERY

73
68
77
77
80
78
63
53
71
68
67
62
73

RPD METHOD

SW846 8270C

7.0 SW846 8270C

SW846 8270C

0.26 SW846 8270C

SN846 8270C

3.1 SW846 8270C

SW846 8270C

17 SW846 8270C
SW846 8270C

4.3 SW846 8270C
SW846 8270C

7.2 SW846 8270C
SW846 8270C

2,4-Dinitrotoluene

4-Nitrophenol

N-Nitrosodi-n-propyl-
amine

100 70.7 ug/L 71 3.4 SW846 8270C

Pentacnloropnenol

Phenol

Pyrene

1,2,4-Trichloro-
benzene

150
150
150
150
100
100
100

109
105
122
120
72.5

71.7
62-2

ug/L
ug/L

ug/L

ug/l.
ugJL
ugJL

ug/L

73
70

80

73
72
62

54

SW846 8270C

4.0 S846 8270C

SW846 8270C

2.1 SW846 8270C
S1846 8270C

1.2 SW846 8270C
SW846 8270C

14 SW846 8270C100 54.3 ug/L

SURROGATE

2-Fluorophenol

Phenol-dS

Nitrobenzene-d5

2-Fluorobiphenyl

2,4,6-Tribromophenol

Terphenyl-dl4

PERCENT
RECOVERY

75

72

79

76

78

76

66

54

76

73

78

RECOVERY

LIMITS

(54 - 105)

(54 - 105)

(55 - 106)

(55 - 106)

(58 - 108)

(58 - 108)

(53 - 97)

(53 - 97)

(62 - 113)

(62 - 113)

(55 - 109)

(Continued on next page)



LAELORATORY CONITROL SAMPLE nAXA REPORT

GC/MS Semvolatiles

Client Lot ... : D31K120128 Work Order I ... : F4V7P1AC-LCS Matrix ......... WATER

LCS Lot-Samplel: D3K140000-453 F4V7P1AD-LCSD

PERCENT RECOVERY

SURROGATE RECOVERY LIMITS

77 (55 - 109)

Cahatipo are peforid before nmdTie w Jwd raOdm-of evios i Gakusw miesi

sol PiM deoods emuol pamc=



MrjMOD BLANK REPORT

GC Semivolatiles

Client Lot #... D3X120128

MB Lot-Sample I: D3K170000-203

Analysis Date..: 12/13/03

Dilution Factor: 1

Work Order I...: F40V71AA

Prep Date ....... 11/17/03
Prep Batch # -. : 3321203

Matrix .... : WATER

Analysis Time..: 06:57

PARAMETER

Aldrin

alpha-BHC
beta-BHC

delta-BHC

gamma-BHC

Chlordane
4,4' -DDM

4,4'-DDE
4,4'-DDT

Dieldrin

Endrin

(Lindane)

(technical)

RESULT

ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND
ND
ND
ND

-

REPORTING

LIMIT

0.050
0.050

0.050

0.050
0.050
0.50

0.050

0.050

0.050

0.050

0.050
0.050
0.050

0.050
0.050
0.050

0.050
0.10
5.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L
ug/L

METHOD

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A
SW846 8081A

SW846 8081A
SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A

SW846 8081A
SW846 8081A

Sw846 8081A

SW846 8081A

Sw846 8081A

SW846 8081A

SW846 8081A

Endrin aldehyde
Endosulfan I
Endosulfan II
ndosulfan sulfate

Heptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene

SURROGATE

Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY

83

84

RECOVERY

LIMITS

(29 - 125)

(40 - 115)

NOT9(S): _

COlcuafior are performed before roaulint so avoid mid-oiff errors in ckulawd meuks



1KBORATORY CONTROL SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot ._.: D3K120128

LCS Lot-Sample#: D3K170000-203

Prep Date ...... : 11/17/03

Prep Batch 1...: 3321203

Dilution Factor: 1

Work Order A ... : F40V71AC-LCS Matrix ......... : WATER

F4OV7IAD-LCSD

Analysis Date..: 12/12/03

Analysis Time..: 22:52

PARAMETER

Aldrin

gamma-DHC (Lindane)

4,49-DDT .

Dieldrin

Endrin

Ieptachlor

PERCENT
RECOVERY

104
102
105
107

107
108
112
113
109
110
101
101

RECOVERY

LIMITS

(53 - 122)
(53 - 122)
(72 - 122)
(72 - 122)

(66 - 138)
(66 - 138)

(75 - 126
(75 - 128)

(64 - 138)

(64 - 138)

(60 - 126)

(60 - 126)

RPD
RPD LIMITS METHOD

SW846 8081A

1.8 (0-30) SW846 8081K
SW846 8081K

1.8 (0-30) SW846 8081A
SW846 8081K

1.2 (0-30) SWS46 8081-

SW846 8081A

0.78 (0-30) SW846 8081K
SW846 8081A

1.5 (0-30) SW846 8081A
SW846 8081K

0.46 (0-30) SW846 8083K

3URROGATE

Decachlorobiphenyl

PERCENT
RECOVERY
77

91
89
85

RECOVERY

LIMITS
(65 - 137)

(65 - 137)

(40 - 115)

(40 - 115)
Tetrachloro-m-xylene

NOTE(S):
cabuarlow we performed Wfore rowT d m avoW rond-eff rroe n LCakubled readc

DMd pM dmete mcttd pauts



LADORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot I.---: D3K120128
LCS Lot-Sample#: D3X170000-203

Prep Date.....: 11/17/03

Prep Batch -... : 3321203

Dilution Factor: 1

Work Order 4...: F4OV71AC-LCS Matrix ......... : WATER

F4OV71AD-LCSD

Analysis Date..: 12/12/03

Analysis Time..: 22:52

SPIKE MEASURED

PARAMETER
Aldrin

gamma-BDC (Lindane)

4,4'-DOr

Dieldrin

Eodrin

Heptachlor

AMOUNT
0.500
0.500
0.500

0.500
0.500
0.500

0.500
0.500
0.500
0.500
0 .500
0.500

AMOUNT

0.520
0 .511
0.525
0.535
0.534
0.540
0.559
0.564
0.543
0.551
0.507
0-SOS

UNITS

ug/L
ug/L
ug/L

ug/L

ug/L

ug/L
ug/L
ug/L
ug/L

ug/L

ug/L
ugJL

PERCENT

RECOVERY

104
102

105

107

107

108

112

113
109

110
101
101

RPD METHOD

SW846 SORIA

1.8 SNB46 8082A

5N846 808TA

1.8 SW846 8081A

SW846 8081A

1.2 SW846 8081A
SW846 8O08A

0.78 SW846 8082h

5W846 808RA

1.5 SW846 808Th
SW846 808IA

0.46 SW1846 808Th

SURROGATE

Decachlozobiphenyl

PERCENT

RECOVERY
77

91
89

85

RECOVERY

LIMITS
(65 - 137)
(65 - 137)

(40 - 115)

(40 - 115)
Tetrachloro-m-xylene

NOTE (S):

Cakubtia m me pcdmrm befote diim to awtoid voaS-oft acfm in cikbt" resulm.

Bdd pnrs dMDMs caMr psraoaetM



MTHnOD BIA S M REPORT

GC Semivolatiles

Client Lot # ... : D3K120128
HB Lot-Sample I: D3K170000-215

Analysis Date..: 12/07/03
Dilution Factor: 1

Work Order 8...: F40WT1AA

Prep Date.... : 11/17/03

Prep Batch f...: 3321215

Hatrix ..... : WATER

Analysis Time..: 18:49

PARAMETER
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254

Aroclor 1260

RESULT
ND
ND
ND
ND
ND

ND

ND

REPORTING

LIMIT
1.0
1.0
1.0
1.0
1.0
1.0
1.0

UNITS
ug/L
ug/L
ugJL
ug/L
ug/L
ug/L
ug/L

METHOD

SW846 8082
SW846 8082
SW846 8082
SW846 8082
SW846 8082
SW846 8082
SW846 8082

SURROGATE

Tetrachloro-n-xylene
Decachlorobiphenyl

PERCENT
RECOVERY

103
103

RECOVERY

LIMITS
(52 - 160)

(37 - 144)

Z;aiuzd arc perfond Wore rox4iig so avid ow -ff ares in cakulawd Cits.



LABORATIRY CONTROL SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot #I...: D31I20128 Work Order ..... : F40WT1AC-LCS Matrix ..... : WATER

LCS Lot-Sample#: D3X170000-215 F40WTlAD-LCSD

Prep Date ........ 11/17/03 Analysis Date.-: 12/07/03

Prep Batch #... : 3321215 Analysis Time..: 19:11

Dilution Factor: 1

PARAMETER

Aroclor 1016

Aroclor l260

PERCENT

RECOVERY

104

109
115
118

RECOVERY
LIMITS

(56 - 124)
(56 - 124)
(64 - 120)
(64 - 120)

RPD

RPD LIMITS METHOD

SW846 8082
4.7 (0-30) SW846 8082

SWa46 8082
2.9 (0-30) SW846 8082

SURROGATE

Tetrachloro-m-xylene

PERCENT

RECOVERY

89

96

78

81

RECOVERY

LIMITS

(52 - 127)

(52 - 127)

(61 - 128)

(61 - 128)
Decachlorobiphenyl

NOTH(S):
Cakulbi ame peaformod before mroing to avoid round-off errom n okuciacu ud rosf

Bold pide5 es cowTul pJralna



LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot V...: D3K120128

WS Lot-Sanplet: D3K170000-215

Prep Date ...... : 11/17/03

Prep Match 1...: 3321215
Dilution Factor: 1

Work Order 3...: F40WT1AC-LCS Matix ..... : WATER

iF40WT1AD-LCSD

Analysis Date..: 12/07/03

Analysis Time-.: 19:11

Aroclor 1016

Aroclor 1260

SPIXE
AMOUNT
2.00
2.00

2.00
2.00

IEASURED

AMOUNT
2.09
2.19
2.29
2.36

UNITS
ugfL

ug/L
ug/L
ug/L

PERCENT
RECOVERY
104
109
115
118

RPD METHOD
SW846 8082

4.7 SW846 8082
SW846 8082

2.9 SW846 8082

SURROGATE
Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT
RECOVERY
89

96
78

81

RECOVERY
LIMITS
(52 - 127)
(52 - 127)

(61 - 128)
(61 - 128)

WTE (S) -
'*-Iadorm are pcefomod before ioudir o aveid roww-off arm in hi caklatd 1wd3&

,oid priat drnotes dmto parametm



METHOD BLANK REPORT

GC SemivoJatiles

Client Lot B..: D3K120128

MB Lot-Sample t: D3K18000Q-194

Work Order #...: F42M71AA

Prep Date......- 11/18/03

Prep Batch 1...: 3322194

Matrix ..... : WATER

Analysis Timc..: 14:08

Analysis Date..:

Dilution Factor:

12/02/03
1

PARAMETER

Azinphos-methyl

Bolstar
chlorpyrifos

Coumaphos

Demeton (total)

Diazinon

Dichlorvos
Dimethoate

Disulfoton
Ethoprop
Ethyl parathion
Famphur

Fensulfothion

-enthion

ilathion
Merphos

Methyl parathion

Mevinphos
Naled

0,0, 0-Triethylphosphoro-
thioate

Phorate
Ronnel

Sulfotepp
Thionazin
Tokuthion

Trichloronate

EPN

Demeton-O

Demeton-S

Tetrachlorvinphos (Stirop

RESULT

ND
ND

ND
ND

ND
ND
ND

ND
ND

ND

ND

ND
ND

ND
ND
ND

ND

ND

ND

ND

ND

ND

ND

ND
ND

ND
ND
ND

ND
ND

REPORTING

LIMIT

2.5

0.50

0.50

0.50

1.0
0.50

0.50

0.50
0.50
0.50
0.50
1.0
2.5
0.50
1.2
5.0

0.50
6.2
10
0.50

0.50
10
0.50
0.50
0.50
0.50
0.50
1.0
1.0 1
2.5 1

UNITS
ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ugtL
ug/L

ug/L

METHOD
SW846 8141A

SW846 8141A
SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A
SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A
SW846 8141A

SW846 8141A
SW846 8141A
SW846 8141A

SW846 8141A
SW846 8141A

SW846
SW846
sW846
SW846
SW846

SW846

SW846
SW846

SW846
SW846

8141A
8141A
814 1A
8141A
8141A
8141A
8141A

8141A

8141A
8141A

SURROGATE

Chlormefos

Ethyl Pirimifos

PERCENT
RECOVERY
90
89

RECOVERY
LIMITS
(49 - 105)
(20 - 121)

NOT (S):
Cakuladom are peronuad before *iig to avoid ,unm ff caoms t cakulated rew2b.



LRHORATMRY CONTROL SAMPLE EV ALTIOK REPORT

GC Semivolatiles

Client Lot I...:
LCS Lot-Sample#:
Prep Date ...... :

Prep Batch 4...:
Dilution Factor:

D3K120128

D3KlB0000-194

11/18/03

3322194

1

work Order #...: F42M71AC

Analysis Date..: 12/02/03
Analysis Time..: 14:41

Matrix ..... _.:RWATER

PARAMETER
Demeton (total)
Diazinon
Ethyl parathion
Malathion
Methyl parathion
Phorate

PERCENT
RECOVERY
74
82
90
72
85
82

RECOVERY
LIMITS
(20 - 107)
(58 - 108)

(62 - 118)
(33 - 109)

(50 - 127)

(54 - 101)

MET1OD
S£846 I
S£846 I
SW846 I
SW846 I
SW846 I
SW846 I

8141A
3141A
3141A
3141A
3141A
8141A

SURROGATE
Chlormefos
Ethyl Pirimifos

PERCENT
RECOVERY
82
86

RECOVERY
LIMITS
(49 - 105)
(20 - 121)

NOTE(S):
Ca"tios we perond bdfr rnidiug ro wo&1 rmd-off amoxs in rculaled rulks

&ld prdM danDeS Cmad parameteta



LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot #..-: D3K120128

LCS Lot-Samplel: D3K180000-194

Prep Date.,...: 11/18/03

Prep Batch 1...: 3322194

Dilution Factor: 1

Work Order #... : F42M71AC

Analysis Date..: 12/02/03

Analysis Time..: 14:41

Matrix .... .: WATER

PARAMETER

Demeton (total)

Diazinon
Ethyl parathion

Malathion
Methyl parathion
Phorate

SPIKE
AMOUNT
4.00
4.00
4.00
4.00

4.00
4.00

MEASURED

AMOUNT

2.96
3.30
3.60
2.90
3.39
3.29

UNITS

ug/L

ug/L

ug/L
11g/L
ug/L
ug/L

PERCENT

RECOVERY

74
82
90 -

72
85
82

METHOD
SW846 8141A
SWB46 8143A

SW846 8141A

5846 8141A
51846 8141A
SW846 814TA

SURROGATE

Chlormefos
Ethyl Pirimifos

PERCENT
RECOVERY

82

86

RECOVERY

LIMITS
(49 - 105)

(20 - 121) ,

NOTE(S):
Cakulackm mc perfoKatd before rounding So avoid 1o 0 dt-off errs in 1icacd mutts.

Bdd prim dre s Cooarol parameters



MATRIX SPIKE SAMPLE EYAITION REPORT

GC Setivolatiles

Lot-Sample I...:
MS Lot-Sample I:
Date Sampled...:
Prep Date ...... :

Prep Batch I._:
Dilution Factor:

D3K120128 Work Order 5...: F4REN1AJ

D3K130311-004

11/12/03 01:00 Date Received..: 11/13/03

11/18/03 Analysis Date..: 12/02/03

3322194

1

Matrix ......... : WATER

PARAMETER

Demeton (total)

Diazinon
Ethyl parathion

Malathion
Methyl parathion
Phorate

PERCENT
RECOVERY

75
84
94
83
89
85

RECOVERY

LIMITS

(20 - 107)
(58 - 108)

(62 - US1)
(33 - 109)

(50 - 127)

(54 - 101)

METHOD

SH846 8141A

5846 8141A

SWB46 S141A

SW846 814IA
SW846 E141A
SH846 8141A

SURROGATE

Chlormefos
Ethyl Pirimifos

PERCENT
RECOVERY

75

83

RECOVERY

LIMITS

(49 - 105)
(20 - 121)

.bm(S):
Caevdao we Perfomd beor urosin to avoil rmw-ff COrS in caklatted rcwsts.

Bod PM dwOR3 colroE pumnmrs



MATRIX SPIKE SAMPLE DATA REPORT

GC Semivolatiles

Lot-Sample I. :

MS Lot-Sample 9:
Date Sampled .. :

Prep Date ......:

Prep Batch #. -:

Dilution Factor:

D3K120128 Work Order C..: F4RENIAJ

D3K130311-004
11/12/03 01:00 Date Received..: 11/13/03

11/18/03 Analyais Date..: 12/02/03

3322194

1

Matrix ....... : WATER

PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

SAMPLE SPIKE MEASRD
AMOUNT AMT AMOUNT UNITS

ND 4.22 3.16 ug/L
ND 4.22 3.56 ug/L

ND 4.22 3.97 ug/L

ND 4.22 3.50 ug/L

RD 4.22 3.74 ug/L

ND 4.22 3.60 ug/L

PERCENT
RECOVERY
75

84

94

83

89

8S

METHOD
SR846 8141A

5846 1Sl4A

SW846 8141A

5846 8141A
SW846 8141A
SW846 8141A

SURROGATE
Chlormefos
Ethyl Pirimifos

PERCENT
RECOVERY
75
83

RECOVERY

LIMITS
(49 - 105)

(20 - 121)

ym) s):

Cakdadam are pcfwma btom rowxdft w aioid rond-off emos caulared mniLs

Bold pgm dekis cturol paramewrs



METHOD BRMNK REPORT

TOTAL Metals

Client Lot I...: D3K120128 Matrix.......: WATER

REPORTING

LIMIT

PREPARATION- WORK

ANALYSIS DATE ORDER #PARAMETER RESULT UNITS METHOD

MB Lot-Sample I: D3K130000-398 Prep Batch #I.-:

Mercury ND 0.20 ug/L

Dilution Factor: 1

Analysis Time..: 18:09

3317398
SW846 7470A 11/18/03 F4QF21AA

MB Lot-Sample

Aluminum

I: D3X130000-761 Prep Batch 1...: 3317761

ND 100 ug/L SW846 6010B

Dilution Factor: 1

Analysis lime..: 22:52

11/19-11/21/03 F4R8N1AA

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Chromium

Cobalt

ND

ND

1.3 B

ND

9.6 B

ND

ND

ND

10 ug/L

Dilution Factor: 1

Analysis time..: 17:53

15 ug/L

Dilution Factor: 1

Analysis Time. : 17:53

10 ug/L

Dilution Factor: 1

Analysis Time..: 17:53

5.0 ug/L

Dilution Factor: 1

Analysis Time..: 17:53

100 ug/L
Dilution Factor: 2

Analysis Time..: 22:52

5.0 ug/L
Dilution Factor: 1

Analysis Time..: 17:53

10 ug/L

Dilution Factor: 1

Analysis Time..: 17:53

10 ug/L

Dilution Factor: 1

Analysis Time..: 17:53

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 60108

SW846 6010B

11/19-11/20/03 F4R8N1AC

11/19-11/20/03 F4R8N1AD

11/19-11/20/03 F4R8N1AE

11/19-11/20/03 F4R8NlAF

11/19-11/21/03 F4RSNDUI

11/19-11/20/03 F4R8NLAG

11/19-11/20/03 F4R8N1A1

11/19-11/20/03 F4R8NlAJ

(Continued on next page)



METHOD BLAUM REPORT

TOTAL Metals

Client Lot I ... : D3K120128 Matrix ..... .... : WATER

PARANETER

Copper

REPORTING
RESULT LIMIT UNITS

ND 10 ug/L
Dilution Factor: 1

Analysis Time..: 17:53

METHOD
PREPARATION-

ANALYSIS DATE
11/19-11/20/03

WORK
ORDER I
F4R8NlAK

Iron

Lead

Manganese

Molybdenum

ickel

ND

ND

ND

ND

ND

100 ug/L

Dilution Factor: 1

Analysis Time..: 22:52

3.0 ug/L

Dilution Factor: I

Analysis Time..: 17:53

10 ug/L
Dilution Factor: 1

Analysis Time..: 22:52

20 ug/L
Dilution Factor: 1

Analysis Time..: 17:53

40 ug/L

Dilution Factor: I

Analysis Time-.: 17:53

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

11/19-11/21/03 F4RBNLAL

11/19-11/20/03 F4RSNIAM

11/19-11/21/03 F4R8N1AP

11/19-11/20/03 F4RBN1DJ

11/19-11/20/03 F4R8NLAQ

Selenium

Silver

Thallium

Zinc

ND

1.4 B

15
Dilution

Analysis

ug/L

Factor: I

Time..: 37:53

10 ug/L

Dilution Factor: 1

Analysis Time..: 17:53

10 ug/L

Dilution Factox: 1

Analysis Time..: 17:53

20 ug/L

Dilation Factor; 1

Analysis Time..: 17:53

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

11/19-11/20/03 F4R8N1AT

1l/19-11/20/03 F4RSN1hAJ

11/19-11/20/03 F4R8N1AW

11/19-11/20/03 F4R8N1A0ND

N O T E ( S ) : _ _ _ _ - s if r n of er o s h ca u l d re

Cakulagmareperfonradbefre romi igsavroid offewsib aledrc

B Egknutrd iest.& Resdh as le dun RL
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LA1BORA70RY CONTROL SAMPLE EVALUAtON REPORT

TOTAL Metals

Lot-Sample I ... : D3K120128 Matrix .. : WATER

PARAMETER

Aluminum

PERCENT
RECOVERY

97

100

RECOVERY RPD
LIMITS RPD LIMITS
(86 - 108)
(86 - 108) 2.8 (0-20)

Dilution Factor: 1

METHOD

Antimony 94

99
(88 - 108)

(88 - 108) 5.4 (0-20)
Dilution Factor: 1

(89 - 109)

(89 - 109) 2.5 (0-20)
Dilution Factor: 1

SW846 6010B
SW846 6010B

Analysis Time..:

SW846 6010B
SW846 6010B

Analysis Time..:

SW846 6010B
SW846 6010B

Analysis Time..:

11/19-11/20/03 3317761

11/19-11/20/03 3317761

17:57

11/19-11/20/03 3317761
11/19-11/20/03 3317761

17:S7

PREPARATION- I
.ANALYSIS DATE
11/19-11/21/03

11/19-11/21/03

22:57

PREP-

BATCH #
3317761
3317761

Arsenic 96

98

Barium 105

107
(93 - 113)
(93 - 113) 2.4 (0-20)

Dilution Factor: 1

(88 - 112)
(88 - 112) 3.4 (0-20)

Dilution Factor: 1

SW846 6010B
SW846 6010B

Analysis Time..:

SW846 6010B
SW846 6010B

Analysis Time..:

11/19-11/20/03 3317761

11/19-11/20/03 3317761

17:57

11/19-11/20/03 3317761
11/19-11/20/03 3317761

17:57

Beryllium 94
97

Boron 96

100
(89 - 110)
(89 - 110) 4.3 (0-20)

Dilution Factor: 1

SW846 6010B 11/

SW846 6010B 11/

Analysis Time..: 22:57

'19-11/21/03 3317761
'/9-11/21/03 3317761

Cadmium 96

100
(89 - 110)

(89 - 110) 3.1 (0-20)

Dilution Factor: 1

SW846 6010B 11/19-11/20/03 3317761
Sw846 6010B 11/19-11/20/03 3317761

Analysis Time..: 17:57

Chromium 95
98

(89 - 112)
(89 - 112) 2.9 (0-20)

Dilution Factor: 1

SW846 6010B 11l
SW846 6010B 1li

Analysis Time..: 17:57

'19-11/20/03 3317761
f19-11/20/03 3317761

Cobalt 95
97

(86 - 107)
(86 - 107) 2.7 (0-20)

Dilution Factor: 1

SW846 6010B 11/19-11/20/03 3317761
SW846 6010B 11/19-11/20/03 3317761

Analysis Time..: 17:57

Copper 97
100

(86 - 110)
(86 - 110) 2.4 (0-20)

Dilution Factor: 1

SWS46 6010B 11/
SW846 6010B 11/

Analysis Time..: 17:57

'19-11/20/03 3317761

'19-11/20/03 3317761

(Continued on next page)



LABRATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Lot-Sample #...: D3K120128 Matrix ........: WATER

PARAMETER

Iron

PERCENT
RECOVERY

97
99

RECOVERY RPD
LIMITS RPD LIMITS

(88 - 110)
(88 - 110) 2.5 (0-20)

Dilution Factor: I

METHOD

SW846 6010B

SW846 6010B

Analysis Time..:

PREPARATION- PREP-

ANALYSIS DATE BATCH #

11/19-11/21/03 3317761

11/19-11/21/03 3317761

22:57

Lead 98

100

(91 - 111)

(91 - 111) 1.9 (0-20)

Dilution Factor: 1

SW846 6010B 11/

SW846 6010B 11/

Analysis Time..: 17:57

/19-11/20/03 3317761

119-11/20/03 3317761

Manganese 98

100

(90 - 110)

(90 - 110) 2.5 (0-20)

Dilution Factor: 1

(83 - 109)

(83 - 109] 6.1 (0-20)

Dilution Factor: 1

SW846 60103

SW846 60108
Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

11/19-11/21/03 3317761

11/19-11/21/03 3317761

22:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

17:57

Molybdenum 913
96

Nickel 99
101

(90 - 110)

(90 - 110) 2.3 (0-20)

Dilution Factor: 1

SW846 6010B

SW846 6010B

11/19-11/20/03 3317761

11/19-11/20/03 3317761

Analysis Time..: 17:57

Selenium 97

99

(88 - 110)

(88 - 110) 2.1 (0-20)

Dilution Factor: 1

SW846 6010B

SW846 6010B

Analysis Time..:

11/19-11/20/03 3317761

11/19-11/20/03 3317761

17:57

Silver 102

104

(85 - 114)

(85 - 114) 2.1 (0-20)

Dilution Factor: 1

SW846 6010B ll1

SW846 6010B 11)

Analysis Time..: 17:57

'19-11/20/03 3317761

/19-11/20/03 3317761

Thallium 97

99

(88 - 108)

(88 - 108) 2.6 (0-20)

Dilution Factor: 1

(85 - 110)

(85 - 110) 2.0 (0-20)

Dilution Factor: I

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Tive..:

11/19-11/20/03 3317761

11/19-11/20/03 3317761

17:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

17:57

Zinc

NOTE(S):

94

96

Cakatioe are perfomed before 1MV41' to avoid roid-01 emms i caiwitd resirs.



LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Lot-Sample ...: D3K120128 Matritr ...... : WATER

SPIKE MEA.

PARAMETER AMOUNT AMKX

Aluminum 2000 1954
2000 2001

Antimony 500 468

500 494

SURED PERCNT

MUT UNITS RECVRY
i ug/L 97

0 ug/L 100

Dilution Factor: 1

ug/L 94

ug/L 99
Dilution Factor: 1

PREPARATION- PREP

RPD METHOD
SW846 6010B

2.8 SW846 6010B

Analysis Time..: 22:57

SW846 6010B

5.4 SW846 6010B

Analysis Time..: 17:57

ANALYSIS DATE BATCH #

11/19-11/21/03 3317761

11/19-11/21/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

Arsenic

Barium

2000 1920 ug/L 96

2000 1970 ug/L 98

Dilution Factor: 1

2000 2090 ug/L

2000 2140 ug/L

Dilution

105

107

Factor: I

SW846 6010B

2.5 SW846 6010B

Analysis Time..: 17:57

SWB46 6010B

2.4 SW846 6010B

Analysis Time..: 11:57

SW846 6010B

3.4 SW846 6010B

Analysis Time..: 17:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761
Beryllium 50.0 47.0 ug/L 94

50.0 48.7 ug/L 97

Dilution Pactor: 1

Boron 1000 956
1000 998

ug/L 96

ug/L 100

Dilution Factor: 1

SW846 6010B

4.3 SW846 6010B

Analysis Time..: 22:57

11/19-11/21/03 3317761

11/19-11/21/03 3317761

Cadmium 50.0 48.2 ug/L 96 SW846 6010B

50.0 49.8 ug/L 100 3.1 SW846 6010B

Dilution Factor: I Analysis Time.: 17:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

Chromium 200 189

200 195
ug/L 95
ug/L 98

Dilution Factor: I

ug/L 95

ug/L 97

Dilution Factor: 1

SW846 6010B

2.9 SW846 6010B

Analysis Time..: 17:57

SW846 6010B

2.7 SW846 6010B

Analysis TIme..: 17:57

11/19-11/20/03 3317761
11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761
Cobalt 500 474

500 487

Copper 250 243

250 249

ug/L
ug/L

Dilution

97

100
Factor: I

SW846 6010B

2.4 SW846 6010B

Analysis TS-me..: 17;5?

11/19-11/20/03 3317761

11/19-11/20/03 3317761

(Continued on next page)



LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Lot-Sample I...: D3K120128 Matrix - .--------: WATER

PARAMETER

Iron

SPIKE
AMOUNT
1000
1000

MEASURED
AMOUNT UNITS

968 ug/L

992 ug/L

Dilution Fac

Lead 500 492

500 501
ug/L

ug/L

Dilution Pac

ug/L
Dilution Fac

PERCNT
RECVRY RPD METHOD

97 SWS46 6010B

99 2.5 SW846 6010B

tor: I Analysis Time..: 22:S7

98 SW846 6010B

100 1.9 SW846 6010B

tor: 1 Analysis Time..: 17:57

98 SW846 6010B

100 2.5 SW846 6010B

tor: 1 Analysis Time..: 22:57

PREPARATION- PREP

ANALYSIS DATE BATCH #

11/19-11/21/03 3317761

11/19-11/21/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/21/03 3317761

11/19-11/21/03 3317761
Manganese 500 488

500 501

Molybdenum 1000 907

1000 964

ug/L 91
ug/L 96

Dilution Factor: I

SW846 6010B

6.1 SW846 6010B
Analysis Time..: 17:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

Nickel 500 493

500 504
ug/L 99
ug/L 101

Dilution Factor: 1

SW846 6010B

2.3 SW846 6010B
analysis Time..: 17:57

11/19-11/20/03 3317761
11/19-11/20/03 3317761

Selenium 2000 1950 ug/L 97

2000 1990 ug/L 99

Dilution Factor: 1

Silver 50.0 50.8 ug/L 102

50.0 51.9 ug/L 104

Dilution Factor: 1

Thallium 2000 1930 ug/L 97

2000 1980 ug/L 99

Dilution Factor: 1

SW846 6010B

2.1 SW846 6010B
Analysis Time..: 17:57

SW846 6010B

2.1 SW846 6010B
Analysis Time..: 17:57

SW846 6010B

2.6 SW846 6010B

Analysis Time..: 17:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

11/19-11/20/03 3317761

Zinc 500 468
500 478

ug/L 94

ug/L 96

Dilution Factor: 1

5W846 6010B

2.0 SW846 6010B

Analysis Time..: 17:57

11/19-11/20/03 3317761

11/19-11/20/03 3317761

NOTE(S):

Cakub are performed befo re x m irg o avoi roord-off neron inm caklmzd mswsh



LABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot 4 ... : D3K120128 Matrix... : WATER

PERCENT RECOVERY PREPARATION-

PARAMETER RECOVERY LIMITS METHOD ANALYSIS DATE WORK ORDER I

LCS Lot-Samplef: D3K130000-398 Prep Batch 1...: 3317398

Mercury 95 (84 - 114) SW846 7470A 11/18/03 F4QF21AC

Dilutionm Factor: 1 Analysis Time..: 18:11

VOTE (S):
Cskutatm awe prroumed before go ndinzg so avoid rewid-if ors w eicaxsd resiss



LADORA=ORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Client Lot I... : D3X120128 Mati

SPIKE MEASURED PERCNT pi

PARAMETER AMOUNT AMOUNT UNITS RECVRY METHOD AN

LCS Lot-Sample#: D3K130000-398 Prep Batch X ... : 3317398

Mercury 5.00 4.76 ug/L 95 SW846 7470A

Dilution Factor: I Analysci Time..: 13:11

:ix --..----- : WATER

REPARATION- WORK

lALYSIS DATE ORDER #

11/18/03 F4QF2LAC

NOTE (S):
Cakuladow arc pcrfooro befove rounding TV avoW RIadoth aeoha in akuhbtedAvsuks



H70RIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot #...: D3K120128

Date Sampled.. : 11/11/03 12:00 Date Received..: 11/12/03

PERCENT RECOVERY RPD

PARAMETER RECOVERY LIMITS RPD LIMITS METHOD

Matrix.........: WATER

PREPARATION- WORK

ANALYSIS DATE ORDER #

MS Lot-Sample U:
Mercury 98

99

D3K120128-001 Prep Batch Y-...: 3317398

(84 - 114) SW846 7470A

(84 - 114) 1.6 (0-10) SW846 7470A

Dilution Factor: 1

11/18/03 F4L7C1CJ

11/18/03 F4L7C1CK

Analysis Time..: 18:15

NOTE (S): _

Cakdations are perwamed tefoe rowding to avoid tud-odrterts i calcubted reutS.



MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot I... : D3K120128

Date Sampled....: 11/11/03 12:00 Date Received-.: 11/12/03

Matrix ...... : WATER

SAMPLE SPIKE MEASRD PERCNT PREPARATION- WORK

PARAMETER AMOUNT ANT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE ORDER #

MS Lot-Sample I: D3K120128-001 Prep Batch I ... : 3317398

Mercury
ND 5.00 4.88 ug/L

ND 5.00 4.96 ug/L

Dilution Factor: 2

98
99

SW846 7470A

1.6 SW846 7470A

11/18/03 F4L7C1CJ

11/18/03 F4L7C1CK

Analysis Time..: 18:15

NOTH(S):

Calcutumm are perfonmd before roAudog io swid round-off error in caYdEM regks



MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot _....: D3K120128 1

Date Sampled...: 11/07/03 14:00 Date Received .: 11/07/03

PERCENT RECOVERY RPD

PARAMETER RECOVERY LIMITS RPD LIMITS METHOD

Matrix .... : WATER

PREPARATION- WORK
ANALYSIS DATE ORDER I

MS Lot-Sample I: D3K070365-001 Prep Batch I.I_: 3317761

Aluminum NC, MSB
NC, MSB

(83 - 119)

(83 - 119)
Dilution Fact

SW846 6010B
(0-25) SW846 60iOB

11/19-11/21/03 F4E321C1

11/19-11/21/03 F4E321C2

Analysis Time..: 23:41

Antimony 38 N
44 N

Arsenic

Barium

95
95

92
95

(81 - 124)
(81 - 124) 13 (0-25)

Dilution Factor: 1

Analysis Time..: 15:49

(84 - 124)

(84 - 124) 0.51 (0-25)
Dilution Factor: 1

Analysis Time..: 18:49

(85 - 120)
(85 - 120) 2.4 (0-25)

Dilution Factor: I

Analysis Time..: 18:49

SW846 6010B
SW846 6010B

SW846 6410B
SW846 6010B

SW846 6010B
SW846 6010B

11/19-11/20/03 F4E321C3

11/19-11/20/03 F4E321C4

11/19-11/20/03 F4E321C5

11/19-11/20/03 F4E321C6

11/19-11/20/03 F4E321C7
11/19-11/20/03 F4E321C8

Beryllium 84
84

Boron

Cadmium

93
101

85
85

(79 - 121)
(79 - 121) 0.06 (0-25)

Dilution Pactor: 1

Analysis Time..: 18:49

(87 - 113)
(87 - 113) 6.1 (0-25)

Dilution Factor: 1

Analysis Time..: 23:41

(82 - 119)
(82 - 119) 0.09 (0-25)

Dilution Factor: I

Analysis Time..: 18:49

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SWB46 6010B
SW846 6010B

11/19-11/20/03 F4E321C9
11/19-11/20/03 F4E321DA

11/19-11/21/03 F4E321EH
11/19-11/21/03 F4E321EJ

11/19-11/20/03 F4E321DC
11/19-11/20/03 F4E321DD

Chromium 84

83
(73 - 135)

(73 - 135) 1.2 (0-25)

Dilution Factor: 1

Analysis Time..: 18:49

SW846 6010B
SW846 6010B

11/19-11/20/03 F4E321EE
11/19-11/20/03 F4E321EF

(Continued on next page)



MlITRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot #...: D3KI20128

Date Sampled. ..: 11/07/03 14:00 Date Received..: 11/07/03

Matrix .... : WATER

PARAMETER

Cobalt

PERCENT

RECOVERY
86

87

RECOVERY RPD
LIMITS RPD LIMITS

(82 - 119)
(82 - 119) 0.12 (0-25)

Dilution Factor: 1

Analysis Time-.: 18:49

METHOD

SW846 6010B
SW846 6010B

PREPARATION-

ANALYSIS DATE

11/19-11/20/03

11/19-11/20/03

WORK
ORDER #
F4E321DG

F4E321DH

Copper 103
104

(82 - 129)

(82 - 129) 0.55 (0-25)

Dilution Factor: 1

Analysis Tiue..: 18:49

Iron NC,MSB (52 - 155)

NC,MSB (52 - 155) (0-25)

Dilution Factor: 1

Analysis Time..: 23:41

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

11/19-11/20/03 F4E321DJ

11/19-11/20/03 F4E321DK

11/19-11/21/03 F4E321DL

11/19-11/21/03 F4E321DM

11/19-11/20/03 F4E321DN

11/19-11/20/03 F4E321DP

11/19-11/21/03 F4E321DT

11/19-11/21/03 F4E321DU

Lead 90

91
(89 - 121)

(89 - 121) 0.69 (0-25)
Dilution Factor: 1

Analysis Time..: 18:49

Manganese NCMSB (79 - 121)

NC,MSB (79 - 121) (0-25)

Dilution Factor: 1

Analysis Time..: 23:41

Molybdenum 81 N

83

(83 - 109)
(83 - 109) 2.7 (0-25)

Dilution Factor: 1

Analysis Time..: 18:49

SW846 6010B
SW846 6010B

11/19-11/20/03 F4E321EL

11/19-11/20/03 F4E321EM

Nickel 86

86

(84 - 120) SW846 60108

(84 - 120) 0.54 (0-25) SW846 60103

Dilution Factor: 1

Analysis Time..: 18:49

11/19-11/20/03 F4E321DV
11/19-11/20/03 F4E321DW

Selenium 105

106

(71 - 140)

(71 - 140) 0.74 (0-25)

Dilution Factor: 1

Analysis Time..: 18:49

SW846 6010B

SW846 6010B

11/19-11/20/03 F4E321Dl

11/19-11/20/03 F4E321D2

Silver 103

102

(75 - 141)

(75 - 141) 0.65 (0-25)

Dilution Factor: 1

Analysis Time..: 18:49

SW846 6010B

SW846 6010B

11/19-11/20/03 F4E321D3

11/19-11/20/03 F4E321D4

(Continued on next page)



MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot #... : D3K120128
Date sampled. . : 11/07/03 14:00 Date Received..: 11/07/03

Matrix ..... : WATER

PARAMETER

Thallium

PERCENT

RECOVERY

93

93

RECOVERY RPD

LIMITS RPD LIMITS

(90 - 116)

(90 - 116) 0.42 (0-25)
Dilution Factor: 1

Analysis TlmC..: 18:49

METHOD

SW846 6010B

SWS46 6010B

PREPARATION-

ANALYSIS DATE

11/19-11/20/03

11/19-11/20/03

WORK

ORDER g

F4E321D7

F4E321D8

Zinc 90
90

(60 - 137)

(60 - 137) 0.11 (0-25)

Dilution Factor: 1

Analysis Time..: 18:49

SW846 6010B

SW846 6010B

11/19-11/20/03 P4E321EC

11/19-11/20/03 F4E321ED

IOTE(S):
CaaLticS are pedoamed befoir roung m 2evi nmnd df enws YJ cakulatd tesas.

NC Tke reOnx2ery amOr RFD wer cakelared.

MO3 l1e twcovety and VD were a cakiWMd becae *r mnle mamw was gseaer dan hu times dMe pikTe amoum.

N Spled andyk mcoay is 4SIe usird cTotd imits.



MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot #. -: D3K120128
Date Sampled...: 11/07/03 14:00 Date Received..: 11/07/03

Matrix ..... : WATER

SAMPLE SPIKE MEASRD PERCNT PREPARATION- WORK
PARAMETER AMOUNT ANT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE ORDER #

MS Lot-Sample #:

Aluminum
D3K070365-001 Prep Batch l...: 3317761

100000 2000 209000 ug/L

Qualifiers: NC,14SB
100000 2000 201000 ug/L

Qualifiers: NC,MSB
Dilution Factor: 1
Analysis Tiwie..: 23:41

SW846 6010B

SW846 6010B

SW846 6010B
13 SW846 6010B

Antimony

11/19-11/21/03 F4E321C1

11/19-11/21/03 F4E321C2

11/19-11/20/03 F4E321C3
11/19-13/20/03 F4E321C4

11/19-11/20/03 F4E321C5

11/19-11/20/03 F4B321C6

ND 500 193 N ug/L
ND 500 220 N ug/L

Dilution Factor:

Analysis Time..:

38
44

i

18:49

Arsenic

14 2000 1910 ug/L 95
14 2000 1920 ug/L 95

Dilution Factor: 1
Analysis Tire..: 18:49

SW846 6010B
0.51 SW846 6010B

Barium

Berylliur

Boron

Cadmium

970 2000 2800 ug/L 92
970 2000 2870 ug/L 95

Dilution Factor: 1
Analysis Time..: 18:49

20 50.0 62.0 ug/L 84
20 50.0 61.9 ug/L 84

Dilution Factor: 1
Analysis Time-.: 18:49

290 1000 1220 ug/L 93
290 1000 1300 ug/L 101

Dilution Factor: 1
Analysis Time..: 23:41

10 50.0 52.9 ug/L 85
10 50.0 52.9 ug/L 85

Dilution Factor: I

Analysis Time..: 18:49

Sw846 6010B
2.4 SW846 6010B

SW846 6010B

0.06 SW846 6010B

11/19-11/20/03 F4E321C7
11/19-11/20/03 F4E321C8

11/19-11/20/03 F4E321C9
11/19-11/20/03 F4E321DA

11/19-11/21/03 F4E321EH

11/19-11/21/03 F4E321EJ

11/19-11/20/03 F4E321DC

11/19-11/20/03 F4E321DD

SW846 6010B

6.1 SW846 6010B

SW846 6010B

0.09 SW846 6010B

(Continued on next page)



MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot I...: D3X120128

Date Sampled...: 11/07/03 14:00 Date Received..: 11/07/03

Matrix ..... : WATER

SAMPLE SPIKE

PARAMETER AMOUNT AT _

Chromium

MEASRD PERCNT PREPARATION- WORK

AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE ORDER t

45 200 213 ug/L 84

45 200 211 ug/L 83

Dilution Factor: 1

Analysis Time..: 18:49

190 500 624 ug/L 86

190 500 625 ug/L 87

Dilution Factor: 1

Analysis Time..: 18:49

Cobalt

Copper

SW846 6010B

1.2 SWB46 6010B

SW846 6010B

0.12 SW846 6010B

SW846 6010B

0.55 SW846 6010B

11/19-11/20/03 F4E321EE

11/19-11/20/03 F4E321EF

11/19-11/20/03 F4E321DG

11/19-11/20/03 F4E321DH

11/19-11/20/03 F4E321DJ

11/19-11/20/03 F4E321DK
140 250 399 ug/L

140 250 401 ug/L
Dilution Factor: I

103

104

Analysis Time..: 18:49

Iron

52000 1000 62400 ug/L

Qualifiers: NC,MSB

52000 1000 61900 ug/L
Qualifiers: NC,MSB

Dilution Factor: I

Analysis Time..: 23:41

SW846 6010B

SW846 6010B

11/19-11/21/03 F4E321DL

11/19-11/21/03 F4E321DM

Lead

130 S00 577 ug/L 90

130 S00 581 ug/L 91

Dilution Factor: 1

Analysis Time..: 18:49

Manganese
17000 500 18800 ug/L

Qualifiers: NC,MSB

17000 500 19200 ug/L

Qualifiers: NC,MSB

Dilution Factor: I

Analysis Time..: 23:41

SW846 6010B

0.69 SW846 6010B

SW846 6010B

SW846 6010B

11/19-11/20/03 F4E321DN

11/19-11/20/03 F4E321DP

11/19-11/21/03 F4E321DT

11/19-11/21/03 F4E321DU

Molybdenum
10 1000 820 N ug/L

10 1000 842 ug/L

Dilution Factor: 1

81

83

SW846 6010B

2.7 SW846 6010B

11/19-11/20/03 F4E321EL

11/19-11/20/03 F4E321EM

Analyois Time..: 18:49

(Continued on next page)



MATRrx SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot t...: D3K120128

Date Sampled...: 11/07/03 14:00 Date Received-.: 11/07/03

MatriX...... : WATER

SAMPLE SPIKB

PARAMETER AMOUNT AMT

Nickel

MEASRD PERCNT

AMOUNT UNITS RECVRY

210 500 636 ug/L 86

210 500 640 ug/L 86

Dilution Factor: 1

Analysis Time..: 18:49

RPD METHOD

SW846 6010B

0.54 SW846 6010B

SW846 6010B

0.74 SW846 6010B

PREPARATION- WORK

ANALYSIS DATE ORDER A

11/19-11/20/03 F4E321DV

11/19-11/20/03 F4E321DDW

11/19-11/20/03 F4E321D1

11/19-11/20/03 F4E321D2

Selenium

34 2000 2140 ug/L 105

34 2000 2160 ug/L 106

Dilution Factor: I

Analysis Time._: 18:49

Silver

5.1 SO.0 56.5 ug/L

5.1 50.0 56.2 ug/L

Dilution Factor: I

103

102

SW846 6010B

0.65 SW846 6010B

11/19-11/20/03 F4E32ID3

11/19-11/20/03 F4E321D4

Analysis Time..: 18:49

Thallium
ND 2000 1850 ug/L 93

ND 2000 1860 ug/L 93

Dilution Factor: I

Analysis Time..: 18:49

Zinc

1000 500 1460 ug/L 90

1000 S00 1450 ug/I. 90

Dilution Factor: 1

Analysis Time..: 18:49

SW846 6010B

0.42 SW846 6010B

SW846 6010B

0.11 SW846 6010B

11/19-11/20/03 F4E321D7

11/19-11/20/03 P4E321D8

11/19-11/20/03 F4E321EC

11/19-11/20/03 F4E321ED

NOTE(S):

Carldaians o perfnned beafore4 rmmg tovoid round-off erros in csalcubled rcuds

HC Tbe recoery aal£or RPD were not calct;13W.

MS8 The reovney and RPD we nre calculted because dw smnpic amoun was peater du four timns the spike amsou.

H Spiked analye recovey is outside #ttd corind limits.



NEOMOD BLJInE RFXORT

General chemistry

Client Lot I...: D3K120128 HatriX ......... : WATER

PARAMETER

Chemical Oxygen

Demand (COD)

Chloride

Fecal Coliform

Fluoride

Nitrate

Nitrite

Specific Conductan4

Sulfate

Total Coliform

REPORTING

RESULT LIMIT UNITS METUOD

Work Order #: FSG561AA MB Lot-Sample N:

ND 20 mg/L MCAWW 410.4

Dilution Factor: 1

Analysis Time.-: 13:40

Work Order #: F4RKQ1AA MB Lot-Sample #:

ND 3.0 mg/L MCAWW 300.OA

Dilution Factor: 1

Analysis Tiue..: 12:54

Work Order #: F403L1AA MB Lot-Sample 1:

ND 1.0 CFD/lOOm SM18 9222D Fecal

Dilution Factor: I

Analysis Time..: 11:00

Work Order V: F4RHV1AA MB Lot-Sample I:

ND 1.0 mg/L MCAWW 300.OA

Dilution Factor: I

Analysis Time..: 12:54

Work Order t: F4RNALAA MB3 Lot-Sample X:

ND 0.50 mg/L MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 12:54

Work Order #: F4RLPIAA MB Lot-Sample #:

ND 0.50 mg/L MCAWW 300.0A

Dilution Factor: 1

Analysis Time..: 12:54

ce Work Order #: F42QA1AA MB Lot-Sample I:
ND 2.0 umbos/cm MCAWW 120.1

Dilution Factor: 1

Analysis Time..: 12:00

Work Order #: F4RNG1AA MB Lot-Sample I:

ND 5.0 mg/L MCAWW 300.OA.

Dilution Factor: I

Analysis Time..: 12:S4

Work Order N: F403R1AA MB Lot-Sample N:
ND 1.0 CFU/lOOm SMIB 92228

Dilution Factor: I

Analysis Time..: 11:00

(Continued on next page)

PREPARATION-

ANALYSIS DATE

D3K230000-118

11/23/03

D3K130000-591

11/12/03

D3K170000-262

11/12/03

D3K130000-590
11/12103

D3K130000-593
11/12/03

D3K130000-594

11/12/03

D3K170000-47S

11/17/03

D3X130000-592

11/12/03

D3K170000 -264

11/12/03

PREP
BATCH #

3327118

3317591

3321262

3317590

3317593

3317594

3321475

3317592

3321264



HETHOD BLANK REPORT

General Chemistry

Client Lot #...: D3K120128

PARAMETER

Total Cyanide

Total Dissolved

Solids

Total Suspended
Solids

REPORTING

RESULT LIMIT UNITS

Work Order t: F48JPIAA
ND 0.010 Mg/L

Dilution Factor: I

Analysis Time..: 13:00

Work Order #: FSNND1AA

ND 10 Mg/L

Dilution Factor: I

Analysis Time..: 18:00

Work Order I: F49R21AA

ND 4.0 mg/L

Dilution Factor: I

Analysis Time..: 20:00

METHOD

MB Lot-Sample

MCAWW 335.3

MB Lot-Sample

MCAWW 160.1

MB Lot-Sample

MCAWW 160.2

Itrix .. . : WATER

PREPARATION- PREP

ANALYSIS DATE BATCH #

1i: D3K200000-356
11/19/03 3324356

#: D3K250000-641

11/17/03

#: D3K200000-539

11/17/03

3329641

3324539

NOTE (S):
',dkuabow are perlfond before roueu* i avoid roa- erroin a. acd redmss



LABORATORY CONTROL SAMPlE EVALPITION REPORT

General Chemistry

Lot-Sample J...: D3K120128 Matrix ..... : WATER

PERCENT

PARAMETER RECOVERY
Chemical Oxygen

Demand (COD)
95
94

RECOVERY RPD PREPARATION- PREP
LIMITS RPD LIMITS METHOD ANALYSIS DATE BATCH #

WO#:F5GS61AC-LCS/F5G561AD-LCSD LCS Lot-Sample#: D3K230000-118

(86 - 114)
(86 - 114) 0.34 (0-11)

Dilution Factor: 1

MCAWW 410.4

MCAWW 410.4
Analysis Time..: 13:40

11/23/03 3327118

11/23/03 3327118

Chloride

Fluoride

102
103

105

106

WO#:F4RKQIAC-LCS/F4RKQ1AD-LCSD LCS Lot-Sample#: D3Kl30000-591

(90 - 110) MCAWW 300.0A 11/12/03 3317591
(90 - 110) 0.68 (0-10) MCAWW 300.OA 11/12/03 3317591

Dilution Factor: 1 Analysis Time..: 12:31

WO#:F4RHVlAC-LCS/F4RHV1AD-LCSD LCS Lot-Sample#: D3K130000-590

(90 - 110) MCAWW 300.OA 11/12/03 3317590

(90 - 110) 0.95 (0-10) MCAWW 300-OA 11/12/03 3317590

Dilution Factor: 1 Analysis Timc.-: 12:31

Nitrate

Nitrite

100
100

110
108

Specific Conductance

103

101

Sulfate

100
100

WO#:F4RNA1AC-LCS/F4RNAlAD-LCSD LCS Lot-Sample#: D3K130000-593

(90 - 110) MCAWW 300.OA 11/12/03 3317593

(90 - 110) 0.25 (0-10) MCAWW 300.OA 11/12/03 3317593

Dilution Factor: 1 Analysis Tine..: 12:31

WO#:F4RLPlAC-LCS/F4RLPlAD-LCSD LCS Lot-Sample#: D3K130000-594

(90 - 110) MCAWW 300.0A 11/12/03 3317594
(90 - 110) 1.1 (0-10) MCAWW 300.0A 11/12/03 3317594

Dilution Factor: 1 Analysis Tine..: 12:31

WON:F42QA1AC-LCS/F42QAlAD-LCSD LCS Lot-Sample#: D3K170000-475

(89 - 109) MCAWW 120.1 11/17/03 3321475

(89 - 109) 1.6 (0-7.0) MCAWW 120.1 11/17/03 3321475

Dilution Factor: 1 Analysis Time..: 12:00

WON :F4RNGlAC-LCS/F4RNGlAD-LCSD LCS Lot-Sample#: D3X130000-592

(90 - 110) MCAWW 300.OA 11/12/03 3317592

(90 - 110) 0.35 (0-10) MCAWW 300.OA 11/12/03 3317592
Dilution Factor: 1 Analysis Time..: 12:31

Total Dissolved
Solids

102
104

WO#:FSNNDlAC-LCS/F5NND1AD-LCSD LCS Lot-Samplel#: D3K250000-641

(86 - 106) MCAWW 160.1
(86 - 106) 1.4 (0-20) MCAWW 160.1

11/17/03

11/17/03
3329641
3329641

Dilution Factor: 1 Analysis Time..: 18:00

(Continued on next page)



LADORATORY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Lot-Sample I...: D3K120128 Matrix ..... : WATER

PERCENT RECOVERY RPD PREPARATION- PREP

PARAMETER RECOVERY LIMITS RPD LIMITS METHOD ANALYSIS DATE BATCH #
Total Suspended WOI:F49R21AC-LCS/F49R21AD-LCSD LCS Lot-Sample#: D3K200000-539

Solids
102 (86 - 114) MCAWW 160.2 11/17/03 3324539
102 (86 114) 0.39 (0-20) MCAWW 160.2 11/17/03 3324539

Dilution Factor: 1 Analysis Time..: 20:00

NOTE(S):
Cakubctiou are poewtnd edate IwS& w &%void wA-off mms i cdaluag Iemfs.



LABORATORY CONTROL SAMPLE DMTA REPORT

General Chemistry

Lot-Sample #.. : D3K120128 Matrix ..... : WATER

SPIKE
PARAMETER AMOUNT

Chemical Oxygen
Demand (COD)

MEASURED PERCNT PREPARATION- PREP

AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE BATCH #

WO :FSGS61AC-LCS/F5G561AD-LCSD LCS Lot-Sampleff: D3K230000-118

100 94 6 mg/L 95

100 94.3 mg/L 94

Dilution Pactor: 1

MCAWW 410.4

0.34 MCAWW 410.4
Analysis Time..: 13:40

11/23/03 3327118

11/23/03 3327118

Chloride WO#:F4RKQ1AC-LCS/P4RKQ1AD-LCSD
20.0 20.5 mg/L 102 MCAWW

20.0 20.6 mg/L 103 0.68 MCAWW

Dilution Factor: 1 Analysis

LCS Lot-Sample#: D3K130000-591'
300.OA 11/12/03 3317591

300.OA 11/12/03 3317591

TIme..: 12:33

Fluoride WO #:F4RHVlAC-LCS/F4RIlVAD-LCSD
4.00 4.19 mg/L 105 . MCAWW

4.00 4.23 mg/L 106 0.95 MCAWW

Dilution Factor: 1 Analysis

LCS Lot-Sample#: D3K130000-590
300.OA 11/12/03 3317590

300.OA 11/12/03 3317590

Time..: 12:31

Nitrate

Nitrite

4.00 3.99

4.00 3.98

WO#:F4RNA1AC-LCS/F4RNA1AD-LCSD

mg/L 100 MCAWW

mg/L 100 0.25 MCAWW

Dilution Factor: I Analysis

LCS Lot-Sample#: D3K130000-593

300.OA 11/12/03 3317593

300.OA 11/12/03 3317593

Time..: 12:31

WO#:F4RLP1AC-LCS/F4RLP1AD-LCSD LCS Lot-Sample#: D3K130000-594
4.00 4.39 mg/L 110 MCAWW 300.OA 11/12/03 3317594

4.00 4.34 mg/L 108 1.1 MCAWW 300.OA 11/12/03 3317594

Dilution Factor: I Analysis Time..: 12:31

Specific Conductance
1000
1000

WO9:F42QA1AC-LCS/F42QA1AD-LCSD

1030 umhos/cm 103 MCAWW

1010 umhos/cm 101 1.6 MCAWW

Dilution Factor: 1 Analysis

LCS Lot-Sample#: D3K170000-475
120.1 11/17/03 3321475

120.1 11/17/03 3321475
Time..: 12:00

Sulfate WON :F4RNG1AC-LCS/F4RNGL

20.0 20.0 mg/L 100

20.0 19.9 mg/L 100 0.3!

Dilution Factor: 2

AD-LCSD LCS Lot-Samplelt: D3K130000-592

MCAWW 300.OA 11/12/03 3317592

5 MCAWW 300.OA 11/12/03 3317592

Analysis Time..: 12:31

Total Dissolved
Solids

500 511

500 518

W0#:F5NNDlAC-LCS/FSNND1AD-LCSD LCS Lot-Sample#: D3K250000-641

mg/L 102

mg/L 104

Dilution Factor: 1

MCAWW 160.1

1.4 MCAWW 160.1

Analysis Time..: 18:0O

11/17/03 3329641

11/17/03 3329641

(Continued on next page)



LABORATORY CONTROL SAMPLE DATA REPORT

General Chemistry

Lot-Sample I. -: D3K120128 Matrix ..... : WATER

SPIKE
PARAMETER AMOUNT
Total Suspended

Solids

MEASURED PERCNT
AMOUNT UNITS RECVRY RPD METHOD

WO#:F49R2lAC-LCS/F49R21AD-LCSD LCS

PREPARATION- PREP

ANALYSIS DATE BATCH I
Lot-Sample#: D3K200000-539

11/17/03 3324539

11/17/03 3324539

250 254

250 255
mg/L 102 MCAWW 160.2

mg/L 102 0.39 MCAWW 160.2

Dilution Factor: 1 Analysis Time..: 20:00

NOTE (S):
abcaion ate perforated before rouldivg to adeoid rou-off com in caXkuIted resits.



LABORATORY CONrROL SAMPLE EVALUArIOU REPORT

General Chemistry

Client Lot I...: D3K120128 Matrix ---- -- : WATER

PERCENT RECOVERY PREPARATION- PREP
PARAMETER RECOVERY LIMITS METHOD ANALYSIS DATE BATCH #
Total Cyanide Work Order #: F48JPIAC LCS Lot-Sample#: D3K200000-356

107 (89 - 109) MCAWW 335.3 11/19/03 3324356
Dilution Factor: 2 Analysis rime..: 23:00

NOTE(S):
Cakhub amc pedfamc Werebio towCo a6'oid W-coff aet irk caljuated ras.



LABORATORY CONTROL SAMPLE DATA REPORT

General Chemistry

Client Lot 1. D3K120128 Matrix.........: WATER

SPIKE MEASURED PERCNT PREPARATION- PREP
PARAMETER AMOUNT AMOUNT UNITS RECVRY METHOD ANALYSIS DATE BATCH N
Total Cyanide Work Order #: F48JP1AC LCS Lot-Sample#: D3K200000-356

0.100 0.107 mg/L 107 MCAWW 335.3 11/19/03 3324356
Dilution Factor: 1 Analysis Time..: 13:00

NOTE (S): _

Calatims ate perfocnud beore towdf to avoid mzmi-off mars i ac*aa resut



MATRIX SPIKE SAMPLE EVALUATION REPORT

General Chemistry

Client Lot #...: D3K120128
Date Sampled...: 11/13/03 12:40 Date Received..: 11/14/03

PERCENT RECOVERY RPD
PARAMETER RECOVERY LIMITS RPD LIMITS METHOD
Chemical Oxygen WO#: F4V9C1AH-MS/F4V9C1AJ-HSD
Demand (COD)

Matrix ..... : WATER

PREPARATION- PREP

ANALYSIS DATE BATCH i
MS Lot-Sample #: D3K140280-007

11/23/03 3327119

11/23/03 3327119

97
101

(86 - 114)
(86 - 114) 2.2 (0-11)

Dilution Factor: I

MCAWW 410.4

MCAWW 410.4

Analysis Time..: 13:40

Chloride

106

107

WO4: F4L8KlCK-MS/F4L8K1CL-MSD

(80 - 120) MCAWW 300.OA

(80 - 120) 0.71 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 17:01

MS Lot-Sample #:

11/12/03

11/12/03

D3K120125-007

3317591
3317591

Fluoride

102

102

WO#: F4LBKiCH-MS/F4L8K1CJ-KSD
(60 - 120) MCAWW 300.OA
(80 - 120) 0.19 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 17:01

MS Lot-Sample N:
11/12/03

11/12/03

D3K120125-007
3317590
3317590

itrate

99
100

WON: F4LBK1CP-MS/F4LBK1C0-MSD MS
(80 - 120) MCAWW 300.OA
(80 - 120) 0.56 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 17:01

WO#: F4L8K1CM-MS/F4L8K1CN-MSD MS

(80 - 120) MCAWW 300.OA

(80 - 120) 0.18 (0-10) MCAWN 300.OA
Dilution Factor: 1
Analysis Time..: 17:01

Nitrite

Sulfate

109
109

Lot-Sample U:
11/12/03
11/12/03

Lot-Sample #:

11/12/03
11/12/03

Lot-Sample #:
11/12/03

11/12/03

D3X120125-007
3317593
3317593

D3K120125-007

3317594

3317594

D3K120125-007

3317592

3317592

WOU: F4L8X1CR-MS/F4L8K1CT-t4SD

116 I (80 - 120) MCAWW 300.OA

117 1 (80 - 120) 0.28 (0-10) MCAWW 300.OA
Dilution Factor: 1

Analysis Time..: 17:01

MS

Total Cyanide
104

105

WO#: F41IEW1AP-MS/F4MEWWAQ-MSD MS Lot-Sample #:

(78 - 120) MCAWW 335.3 11/19/03
(78 - 120) 0.94 (0-20) MCAWW 335.3 11/19/03

Dilution Factor: 1

Analysis Time..: 13 00

D3K120149-001

3324356
3324356

NOTE (S):
Cakcatioa are pertonwd bdore ramcrxg to avoid r= Wotnors in alcwasod mwu.

'Ataiemd cestM. btevuA concDci excvc& de calibradoo rs.



MATRIX SPIKE SAMPLE DATA REPORT

General Chemistry

Client Lot t...: D3K120128

Date Sanpled...: 11/13/03 12:40 Date Received..: 11/14/03

Matrix ......... : WATER

SAMPLE

PARAMETER AMOUNT

Chemical Oxygen

Demand (COD)

SPIKE MEASRD PERCNT PREPARATION- PREP
AMT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE BATCH #

WoU: F4V9CIAH-MS/F4V9C1AJ-MSD MS Lot-Sample #: D3K140280-007

40 50.0 88.8 mg/L 97 MCAWW 410.4

40 50.0 90.8 mg/L 101 2.2 MCAWW 410.4
Dilution Factor: I

Analysis Time..: 13:40

11/23/03 3327119
11/23/03 3327119

Chloride

Fluoride

WO#: F4LSKlCK-MS/F4L8KlCL-MSD M4S Lot-Sample
22 25.0 48.7 mg/L 106 MCAWW 300.0A

22 25.0 49.1 mg/L 107 0.71 MCAWW 300.OA

Dilution Factor: I

Analysis Time..: 17:01

WOf: F4L8K1CH-MS/F4L8K1CJ-MSD MS Lot-Sample
kD 5.00 5.12 mg/L 102 MCAWW 300.OA
ND 5.00 5.11 mg/L 102 0.19 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 17:01

#: D3K120125-007

11/12/03 3317591
11/12/03 3317591

#: D3K120125-007

11/12/03 3317590
11/12/03 3317590

litrate

Nitrite

Sulfate

WO#: F4L8KlCP-MS/F4LSKlCQ-MSD MS Lot-Sample

0.36 5.00 5.33 Mg/L 99 MCAWW 300-OA

0.36 5.00 5.36 mg/L 100 0.56 MCAWW 300.OA

Dilution Factor: 1

Analysis Tifme..: 17:01

WO#: F4L8K1CM-MS/F4L8KlCN-MSD MS Lot-Sample
ND 5.00 5.46 mg/L 109 MCAWW 300.OA
ND 5.00 5.47 mg/L 109 0.18 MCAWX 300.OA

Dilution Factor: 1

Analysis Time..: 17:01

WO#: F4L8K1CR-MS/F4L8K1CT-MSD MS Lot-Sample
41 25.0 69.5 I mg/L 116 MCAWW 300.OA
41 25.0 69.7 I mg/L 117 0.28 MCAWW 300.OA

Dilution Factor: I

Analysis Time..: 17:01

#: D3K120125-007

11/12/03 3317593

11/12/03 3317593

#: D3K120125-007
11/12/03 3317594

11/12/03 3317594

#: D3K120125-007

11/12/03 3317592
11/12/03 3317592

Total Cyanide

ND
ND

WO#: F4MEWlAP-MS/F4MEW1AQ-MSD MS Lot-Sample
0.100 0.105 Mg/L 104 MCAWW 335.3
0.100 0.106 mg/L 105 0.94 MCAWW 335.3

Dilution Factor: 1
Analysis Time..: 13:00

I: D3K120149-001

11/19/03 3324356

11/19/03 3324356

NOTE (S):
Cakulatiow an peformed before aldinSt to avoid imnd-ofmnors in caku4td rewhs.

Eminuaed resm. RenaI coocetaciow cscecds the cabtwatio range.



SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

Client Lot I. : D3K120128 Work Order #...: F4M33-SMP Natrix .. .: WATER
F4M33-DUP

Date Sampled...: 11/12103 06:05 Date Receivwed..: 11/12/03

DUPLICATE RPD PREPARATION- PREP
PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH N
Total Suspended SD Lot-Sample #: D3K120185-002
Solids

80 Q 80 Q rg/L 0.0 (0-20) MCAWW 160.2 11/17/03 3324539
Dilution Factor: 2.5 Analysis Time..: 20:00

NOTE(S): __ __ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

Cakcuhams ae perkfotwe befoa wunfig io avoid n-off arons in alatid rmtlts.

Q lkvd reponkiz limit. ThC teponing limi k eknvad due io high mulyte kwL-s



SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

Client Lot 1.. - -: D3K120128 Work Order #... : F4MR6-SM? Matrix ------- . WATER
F4MR6-DUP

Date Sampled...: 11/10/03 15:45 Date Received-.: 11/12/03

DUPLICATE RPD PREPARATION- PREP

PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH I

Total Dissolved SD Lot-Sample #: D3K120173-016

Solids

460 460 mg/L 1.1 (0-20) MCAWW 160.1 11/17/03 3329641

Dilution Factor: 1 Analysis Time..: 18:00
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Lot#: D4C310153

Case Narrative

Enclosed is the report for three samples received at STL's Denver laboratory on March 31, 2004. The
results included in this report have been reviewed for compliance with STL Denver's Laboratory Quality
Manual. The test results shown in this report meet all requirements of NELAC and any exceptions are
noted below.

Dilution factors and footnotes have been provided to assist in the interpretation of the results. Each
sample was analyzed to achieve the lowest possible reporting limit within the constraints of the method.
In some cases, due to interferences or analytes present at concentrations above the linear calibration
curve, samples were diluted. For diluted samples, the reporting limits are adjusted relative to the dilution
required.

STL utilizes USEPA approved methods in all analytical work. The samples presented in this report were
analyzed for the parameters listed on the analytical mcthods summary page in accordance with the
methods indicated. A summary of quality control parameters is provided below.

This report shall not be reproduced except in full, without the written approval of the laboratory.

Quality Control Summary for Lot D4C310153

Sample Receiving

> The cooler temperature upon receipt at the Denver laboratory was 3.60 C.

> All sample bottles were received in acceptable condition.

Holding Times

> All holding times were met.

Method Blanks

> The analytes Methylene chloride by Method 8260B, Aluminum by Method 601 OB, and Chemical
Oxygen Demand (COD) by Method 410.4 were detected in the Method Blanks below the established
reporting limits. No corrective action is taken for any values in Method Blanks that arc below the
requested reporting limits.

> All other Method Blanks were within established control limits.

Laboratory Control Samples

> All Laboratory Control Samples were within established control limits.

Matrix Spike (MS) and Matrix Spike Duplicate (MSD)

S The Matrix Spike and/or Matrix Spike Duplicate recoveries were outside control limits for 1,1 -
Dichloroethene by Method 8260B and COD by Method 410.4. Because the corresponding
Laboratory Control Samples and the Method Blank samples were within control limits, these
anomalies may be due to matrix interference.

> The method required MSIMSDs could not be performed for Methods 8270C, 808 IA, 8082, and
8141 A due to insufficient sample volume, however, LCS/LCSD pairs were analyzed to demonstrate
method precision.

2



Lot#: D4C310153

> All other MS and MSD samples were within established control limits.

Organics

S> The second source Initial Calibration Verification (ICV) standard for 1,1 -Dichloroethene and
Hexachlorobutadiene by Method 8260B exceeded the control limits (65-135%). However, the
overall mean percent RSD for all compounds is within control limits, therefore, the ICAL is also in
control and no corrective action was necessary.

> The Continuing Calibration Verification (CCV) standards for Demeton-S, 0,0,0-
Triethylphosphorothioate, Dichlorvos, Azinphos-methyl, Mevinphos, Dimethoate, Malathion,
Tetrachlorvinphos, and Naled by Method 8141 A exceeded the percent difference limits in various
runs and columns. However, the overall mean percent difference is within control limits, therefore,
the CCV is also in control and no corrective action was necessary. Additionally, the associated
sample was non-detect.

) The Continuing Calibration Verification (CCV) standards for Endrin and Endrin aldehyde by
Method 808 1 A exceeded the percent difference limits in various runs and columns. However, the
overall mean percent difference is within control limits, therefore, the CCV is also in control and no
corrective action was necessary. Additionally, the associated sample was non-detect.

Inorganics

> The calibration blank result exceed's STL's reporting limit for Thallium. The sample result is non-
detect, therefore, there is no impact on the data.

3



EXECUTIVE SUMMARY - Detection Highlights

D4C310153

REPORTING

LIMIT
ANALYTICAL

METHODPARAMETER RESULT UNITS

L.R.S. MW-2 03/29/04 16:35 001

Aluminum

Barium

Boron

Chromium

Copper

Iron

Manganese

Molybdenum

Nickel

Zinc

Methylene chloride

Specific Conductance

Total Dissolved

Solids

Total Suspended

Solids

Chloride

Sulfate

Fluoride

Nitrate

Nitrite

Chemical Oxygen

Demand (COD)

120 J

14
1800

6.3 B

3.5 B

39 B

900
40

8.8 B

11 B

0.59 J,B

9700

6300 Q

7.6

1700 Q

2400 Q

0.81 B,G

0.44 B,G

1.1 B,G
20 J

100

10

100

10

10

100

10
20

40
20

5.0
2.0

20

4.0

300

500
5.0

2.5

2.5
20

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

umhos/cm
mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

SW846

SW846

SW846

SW846

SW846

SW846

SW846
SW846

SW846

SW846

SW846

MCAWW

MCAWW

6010B
6010B

6010B

6010B

6010B

6010B

6010B

6010B

6010B

6010B

8260B

120 1

160.1

MCAWW 160.2

MCAWW

MCAWW
MCAWW

MCAWW
MCAWW

MCAWW

300. OA
300. OA

300. OA

300. OA

300.0 A

410.4

TRIP BLANK 03/30/04 003

Methylene chloride 0.63 J,B 5.0 ug/L SW846 8260B

4



MEAIMODS SUMMARY

D4C310153

ANALYTICAL

PARAMETER METHOD

PREPARATION

METHOD

Chemical Oxygen Demand

Chloride

F. Coliform (Enumeration)

Filterable Residue (TDS)

Fluoride

Inductively Coupled Plasma (ICP) Metals

Mercury in Liquid Waste (Manual Cold-Vapor)

Nitrate as N

Nitrite as N

Non-Filterable Residue (TSS)

Organochlorine Pesticides

Organophosphorous Compounds by GC

PCBs by SW-846 8082

Semivolatile Organic Compounds by GC/MS

Specific Conductance

Sulfate

T. Coliform (Enemeration)

Total Cyanide

Volatile Organics by GC/MS

MCAWW 410.4

MCAWW 300.OA

SM18 9222D Feca

MCAWW 160.1

MCAWW 300.OA

SW846 6010B

SW846 7470A

MCAWW 300.OA

MCAWW 300.OA

MCAWW 160.2

SW846 808lA

SW846 8141A

SW846 8082

SW846 8270C

MCAWW 120.1

MCAWW 300.OA

SM18 9222B

MCAWW 335.3

SW846 8260B

MCAWW 410.4

MCAWW 300.OA

SM1B 9222D

MCAWW 160.1

MCAWW 300.OA

SW846 3010A

SW846 7470A

MCAWW 300.OA

MCAWW 300.OA

MCAWW 160.2

SW846 3510C

SW846 3510

SW846 3510C

SW846 3520C

MCAWW 120.1

MCAWW 300.OA

SM18 9222B

MCAWW 335.3

SW846 5030B/826

References:

MCAWW

SM18

SW846

"Methods for Chemical Analysis of Water and Wastes",

EPA-600/4-79-020, March 1983 and subsequent revisions.

"Standard Methods for the Examination of Water and

Wastewater", 18th Edition, 1992.

'Test Methods for Evaluating Solid Waste, Physical/Chemical

Methods", Third Edition, November 1986 and its updates.
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METHOD / ANALYST SUMMARY

D4C310153

ANALYTICAL

METHOD

ANALYST

IDANALYST

MCAWW 120.1

MCAWW 160.1

MCAWW 160.2

MCAWW 300.OA

MCAWW 335.3

MCAWW 410.4

SM18 9222B

SM18 9222D Fecal

SW846 6010B

SW846 7470A

SW846 8081A

SW846 8082

SW846 8141A

SW846 8260B

SW846 8270C

Maria Fayard

Jean Carrier

Jean Carrier

Andrita Scofield

Ewa Kudla

Nicole Dean

Maria Fayard

Maria Fayard

Lynn-Anne Trudell

Racey Ono

Dennis Jonsrud

Steve Jetter

Sonya Dacar

Jason Reinhardt
Rwanda Todea

002596

008763

008763

004409

001167

008504

002596

002596

6645

003371

009226

011748

011595

013454

005716

References:

MCAWW

SMi8

SW846

'Methods for Chemical Analysis of Water and Wastes",

EPA-600/4-79-020, March 1983 and subsequent revisions.

"Standard Methods for the Examination of Water and

Wastewater", 18th Edition, 1992.

"Test Methods for Evaluating Solid Waste, Physical/Chemical

Methods', Third Edition, November 1986 and its updates.

6



SAMPLE SUMMARY

D4C310153

SAMPLED SAMP

DA.TE TIMEWO # SAMPLE# CLIENT SAMPLE ID

GC8WL

GC8WT
GC8WX

001 L.E.S. MW-2
002 L.E.S. MW-2

003 TRIP BLANK

03/29/04 16:3
03/30/04 12:4
03/30/04

NOTE(S): __ _

- The analytical resuls of the sarnples listed above are presemed on the following pages

- Al calculations re performed before rounfing to avoid rouwl-off errors in calculated results.

- Results noted as 'ND' were not detected at or above the stated limit

-This report must not be reproduced, except in fall. without the written approval of tde laboratory.
- Results fo the following pasarneters ate never repored en a dry weight basis: color, conosivity. density. flashpoim. igtirabiliry. layers, odor.

pairt filter test. pH. porosity pressure. reactivity, redox potential. specific gravity. spot tests, solids. soltbility. ctmnperature. viscosity, and weight.

7



LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC/MS Volatiles

Lot-Sample #... : D4C310153-001

Date Sampled ... : 03/29/04 16:35

Prep Date ...... : 04/07/04

Prep Batch #... : 4099587

Dilution Factor: 1

Work Order I-. .:
Date Received..:
Analysis Date..:
Analysis Time..:

GC8WLLA8

03/31/04

04/08/04

04:30

Matrix ...... : WATER

Method : SW846 8260B

PARAMETER

Acetone

Benzene

Bromodichloromethane

Bromoform

Bromomethane

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

Dibromomethane

1,2-Dibromoethane (EDB)

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Dichlorodifluoromethane

1,l-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethene

1,2-Dichloroethene

(total)

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

1,2-Dichloropropane

cis-1,3-Dichloropropene

trans-1,3-Dichloropropene

Ethylbenzene

2-Hexanone

Methylene chloride
4-Methyl-2-pentanone

Styrene

1,1,1,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

Tetrachloroethene

Toluene

1,2,4-Trichloro-

benzene

RESULT

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

10

1.0
1.0

1.0

2.0
5.0

1.0

1.0

2.0

1.0

2.0

1.0

1.0

1.0
1.0
1.0

2.0

1.0

1.0

1.0

1.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

2.5

0.17

0.20

0.23

0.22

2 0

0.20

0 .13

0.18

0. 17

0.91

0.31

0. 18

0.15

0.13

0.16

0.22

0.22

0.26

0.23

0.24

0.14

0.15

0.18

0.19

0.20

0. 12

1.7

0.21

0.98

0.14

0.21

0.21

0.26

0. 15

0.21

ND

ND

ND

ND

ND

ND

ND

0.59 J,B

ND

ND

ND

ND

ND

ND

ND

1.0

1.0

1.0

1. 0

1.0

1. 0

5. 0

5 0

5. 0

1.0

1. 0

1.0

1 0

1. 0

1. 0

(Continued on next page)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC/MS Volatiles

Lot-Sample I...: D4C310153-001 Work Order #...: GC8WL1A8 Matrix . ..- : WATER

PARAMETER
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl chloride
Xylenes (total)
n-Butylbenzene
sec-Butylbenzene
Isopropylbenzene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
n-Propylbenzene
tert-Butylbenzene
Dibromochloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-

chloropropane (DBCP)
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
Hexachlorobutadiene
4-Isopropyltoluene
Methyl tert-butyl ether
1,2,3-Trichlorobenzene
m-Xylene & p-Xylene
o-Xylene
Bromobenzene
Bromochloromethane
Naphthalene

RESULT
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND

ND

ND
ND
ND
ND

REPORTING
LIMIT
1.0
1.0

1.0

2.0
1.0

1.0

2.0
1.0

1.0

1.0

1.0
1.0

1.0

1.0

1.0
1.0

1.0
2.0

UNITS
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L

MDL
0.16
0.27
0.16
0.24
0.33
0.19

0.41
0.21
0.23
0.17
0.15
0.16
0.17
0.17
0.19
0.17
0.21
0.47

0.22
0.18
0.19
0.18
0.20
0.38
0.21
0.27
0.15
0.17
0.27
0.50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1.0

5.0
1.0

1.0

1.0

5.0
1.0
2.0
1.0

1.0
1.0

1.0

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

SURROGATE
Dibromofluoromethane
1,2-Dichloroethane-d4
4-Bromofluorobenzene
Toluene-d8

PERCENT
RECOVERY
93

76
84
83

RECOVERY
LIMITS
(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOTE (S) -

I Esainuaid resul. Resuth is less Man RL

8 Method blank consaminntion. The associazid mcfthd blank contains the carget analyte a a reportable lvel
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LOCKWOOD GREENE

Client Sample ID: TRIP BLANK

GC/MS Volatiles

Lot-Sample #--. : D4C310153-003

Date Sampled --. : 03/30/04

Prep Date .. : 04/07/04
Prep Batch #...: 4099587

Dilution Factor: I

Work Order if...:
Date Received..:

Analysis Date..:

Analysis Time..:

GC8WX1AA

03/31/04

04/08/04

00:52

Matrix ...... : WATER

Method ..... : SW846 8260B

PARAMETER

Acetone
Benzene

Bromodichloromethane
Bromoform

Bromomethane

2-Butanone (MEK)
Carbon tetrachloride
Chlorobenzene
Chloroethane

Chloroform

Chloromethane

Dibromomethane

1,2-Dibromoethane (EDB)
,2-Dichlorobenzene

1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
l,l-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethene
1,2-Dichloroethene

(total)

cis-1,2-Dichloroethene

trans-1,2-Dichloroethene

1,2-Dichloropropane

cis-1,3-Dichloropropene

trans-1,3-Dichloropropene

Ethylbenzene

2-Hexanone

Methylene chloride
4-Methyl-2-pentanone
Styrene

1,1,1,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

Tetrachloroethene

Toluene

1,2,4-Trichloro-

benzene

RESULT

ND

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND
ND
ND

ND

ND
ND

REPORTING

LIMIT

10

1.0

1.0

1.0
2.0

5.0

1.0

1.0
2.0

1.0

2.0

1.0
1.0

1.0
1.0

1.0
2.0

1.0

1.0

1.0

1.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

2.5

0.17

0.20

0.23

0.22

2.-0

0.20

0.13

0.18

0.17

0.91

0.31

0.18

0.15

0.13

0.16

0.22

0.22

0.26

0.23

0.24

0.14

0.15

0.18

0.19

0.20

0.12

1.7

0.21
0.98

0.14

0.21

0.21

0.26

0.15

0.21

ND

ND

ND

ND

ND
ND

ND

0.63 J,B

ND

ND

ND

ND

ND

ND

ND

1.0

1.0

1.0

1.0

1.0
1.0

5.0

5.0

5.0

1.0

1.0

1.0
1.0

1.0
1.0

(Continued on next page)
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LOCKWOOD GREENE

Client Sample ID: TRIP BLANK

GC/MS Volatiles

Lot-Sample #...: D4C310153-003 Work Order . .- : GC8WX1AA Matrix - - : WATER

PARAMETER

1,1,1-Trichloroethane

1,1,2-Trichloroethane

Trichloroethene

Trichlorofluoromethane

1,2,3-Trichloropropane

Vinyl chloride

Xylenes (total)

n-Butylbenzene

sec-Butylbenzene

Isopropylbenzene

1,2,4-TrimethyLbenzene

1,3,5-Trimethylbenzene

n-Propylbenzene

tert-Butylbenzene

Dibromochloromethane

2-Chlorotoliuene

4-Chlorotoluene

1,2-Dibromo-3-

chloropropane (DBCP)

1,3-Dichloropropane

2,2-Dichloropropane

1,1-Dichloropropene

Hexachlorobutadiene

4-Isopropyltoluene

Methyl tert-butyl ether

1,2,3-Trichlorobenzene

m-Xylene & p-Xylene

o-Xylene

Bromobenzene

Bromochloromethane

Naphthalene

RESULT

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

1.0
1.0

1.0

2.0

1.0

1.0

2.0

1.0
1.0

1.0

1.0

1.0

1.0
1.0

1.0

1.0
1.0

2.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

0.16

0.27

0.16

0.24

0.33

0.19

0.41

0.21

0.23

0.17

0.15

0.16

0.17

0.17

0.19

0. 17

0.21

0.47

0.22

0.18

0.19
0. 18

0.20

0.38

0.21

0.27

0. 15

0.17

0.27

0. 50

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1.0
5.0

1.0

1.0

1.0

5.0

1.0

2.0

1.0

1.0

1.0
1.0

SURROGATE

Dibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT
RECOVERY

90

75

85

85

RECOVERY

LIMITS

(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOTE(S):

I Estinated resukh Rcsult is less than Ri.

B Method blank contamination- The associated method blank contains ihe target analyte at a reportabk level-
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IOCXWOOD GREENE

Client Sample ID: L-E.S. MW-2

GC/MS Semivolatiles

Lot-Sample ..- : D4C310153-001

Date Sampled._: 03/29/04 16:35

Prep Date : 04/02/04

Prep Batch ... : 4093267

Dilution Factor: 1

Work Order .-. -:

Date Received. -:

Analysis Date--:

Analysis Time..:

GC8WLlA9

03/31/04

04/16/04

14 :52

Matrix - : WATER

Method ........ : SW846 8270C

PARAMETER

Acenaphthene

Acenaphthylene

Acetophenone

2-Acetylaminofluorene

4-Amiinobiphenyl

Aniline

Anthracene

Aramite

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(ghi)perylene

Benzo(a)pyrene

3enzyl alcohol

bis(2-Chloroethoxy)

methane

bis(2-Chloroethyl)-

ether

bis(2-Ethylhexyl)

phthalate

4-Bromnophenyl phenyl

ether

Butyl benzyl phthalate

4-Chloroaniline

Chlorobenzilate

4-Chloro-3 -methylphenol

2-Chloronaphthalene

2-Chlorophenol

4-Chlorophenyl phenyl

ether

Chrysene

Diallate

Dibenz(a,h)anthracene

Dibenzofuran

Di-n-butyl phthalate

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

RESULT

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

REPORTING

LIMIT

10

10
10

100
50

10

10
20

10

10

10

10
10

10
10

10

ND 10

UNITS

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Ug/L

ug/L

ug /L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

0.60

0 60

2. 0

2.0

2. 0

4.0

3 .0

2.0

0.80

0.90
2 0

1.0

0.80

1.0

0.90

3 0

0. 90

0.70

1. 0

3.0

2.0

0. 80

0. 70

0.80

0. 60

0.80

2.0

0. 90

0. 60

0 80

0. 80

0 80

1.0

ND 10

ND

ND

ND

ND

ND

ND

ND

10

10

10

10
10

10

10

ND

ND

ND

ND

ND

ND

ND

ND

10

20

10

10

10

10

10

10

(Continued on next page)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC/MS Semivolatiles

Lot-Sample #. -. : D4C310153-001 Work Order f... : GC8WLlA9 Matrix ....... : WATER

PARAMETER

3,3'-Dichlorobenzidine

2,4-Dichlorophenol

2,6-Dichlorophenol

Diethyl phthalate

Dimethoate

7,12-Dimethylbenz(a)-

anthracene

3,3'-Dimethylbenzidine

2,4-Dimethylphenol

Dimethyl phthalate

1,3-Dinitrobenzene

4,6-Dinitro-

2-methylphenol

2,4-Dinitrophenol

2,4-Dinitrotoluene

2,6-Dinitrotoluene

Di-n-octyl phthalate

Diphenylamine

Disulfoton

Ethyl methanesulfonate

Fluoranthene

Fluorene

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopenta-

diene

Hexachloroethane

Hexachloropropene

Indeno(1,2,3-cd)pyrene

Isodrin

Isophorone

Isosafrole

Methapyrilene

3-Methylcholanthrene

Methyl methanesulfonate

2-Methylnaphthalene

Methyl parathion

2-Methylphenol

3-Methylphenol &

4-Methylphenol

Naphthalene

1,4-Naphthoquinone

1-Naphthylamine

RESULT

ND

ND

ND

ND

ND

ND

REPORTING
LIMIT

50

10
10

10
20

20

ND

ND

ND

ND

ND

20

10

10
10

50

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

50

10

10

10

10
50
10

10

10

10

10
50

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

8.0

0.70

2.0

0.70

2.0

3.0

4.0

4 0

0.80

2.0

6.0

6.0

1.0
0.80

1.0
2.0

2.0

2.0

0.70

0.60

0.80

1. 0

5 0

0.80

1.0
0.80

5.0

0.90
3.0

20

1.0

2.0

0.80

2.0

0.90

0.80

0.80

2.0

1.0

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

ND

10

100

10
10

10

20

50

20

i0

10

50

10
10

ND

ND

ND

10

50

10

(Continued on next page)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC/MS Semivolatiles

Lot-Sample --- : D4C310153-001 Work Order #...: GC8WL1A9 Matrix- - : WATER

PARAMETER

2-Naphthylamine

2-Nitroaniline

3-Nitroaniline

4-Nitroaniline

Nitrobenzene

2-Nitrophenol

4-Nitrophenol

4-Nitroquinoline-

l-oxide

N-Nitrosodi-n-butylamine

N-Nitrosodiethylamine

N-Nitrosodimethylamine

N-Nitrosodiphenylamine

N-Nitrosodi-n-propyl-

amine

N-Nitrosomethylethylamine

N-Nitrosomorpholine

N-Nitrosopiperidine

4-Nitrosopyrrol idine

5-Nitro-o-toluidine

Parathion

Pentachlorobenzene

Pentachloroethane

Pentachloronitrobenzene

Pentachlorophenol

Phenacetin

Phenanthrene

Phenol

Phorate

2-Picoline

Pronamide

Pyrene

Pyridine

1,2,4,5-Tetrachloro-

benzene

2,3,4,6-Tetrachlorophenol

Thionazin

o-Toluidine

1,2,4-Trichloro-

benzene

2,4,5-Trichloro-

phenol

2,4,6-Trichloro-

phenol

RESULT

ND

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

10

50

50

50

10

10
50

100

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ND

ND

ND

ND

ND

10
10

10

10

10

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

10
10

10
10

20

50

10

50

50

50

20

10

10

50

20

20

10

20

10

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

1.0

0.90

0. 90

6.0

2.0

0.80

7.0

5.0

2.0

2.0

0.80

1.0
0.70

2.0

2.0

2.0

2 0

2.0

2.0

2.0

2 0

2.0

5.0

2.0

0.70

0.90

2.0

3.0

2.0

0.80

10

2.0

2.0

2.0

2.0

0.90

1.0

0.80

ND

ND

ND

ND

50

10

10

10

ND 10

ND 10

(Continued on next page)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC/MS Semivolatiles

Lot-Sample A!...: D4C310153-001 Work Order !.-- : GC8WL1A9 Matrix ..... :.WATER

PARAMETER
0,0,0-Triethylphosphoro-

thioate
1,3,5-Trinitrobenzene

RESULT
ND

REPORTING
LIMIT

50

UNITS
ug/L

ug/L

MDL
2.0

2.0ND 50

SURROGATE
2-Fluorophenol
Phenol-d5
Nitrobenzene-dS
2-Fluorobiphenyl
2,4,6-Tribromophenol
Terphenyl-d14

PERCENT
RECOVERY
74

* 77
76
57
54
67

RECOVERY
LIMITS
(32 - 116)

(40 - 111)

(53 - 107)

(31 - 105)

(42 - 122)

(21 - 125)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC Semivolatiles

Lot-Sample t... : D4C310153-001
Date Sampled .- : 03/29/04 16:35
Prep Date ........ 03/31/04
Prep Batch I...: 4091410

Dilution Factor: 1

Work Order ... :
Date Received..:
Analysis Date..:
Analysis Time.:

GC8WLlCC

03/31/04

04/15/04
17:06

Matrix ......... : WATER

Method. ..- : SW846 8081A

PARAMETER

Aldrin

alpha-BHC
beta-BHC
delta-BHC

gamma-BHC (Lindane
Chlordane (technic
4,4'-DDD

4,4'-DDE
4,4'-DDT

Dieldrin

Endrin
Endrin aldehyde
Endosulfan I
'ndosulfan II

Endosulfan sulfate
Heptachlor
Heptachlor epoxide
Methoxychlor

Toxaphene

al)

RESULT

ND

ND

ND

ND
ND

ND

ND
ND

ND

ND
ND

ND

ND
ND

ND

ND
ND

ND

ND

REPORTING

LIMIT

0.050

0.050

0.050

0.050

0.050
0.50

0.050
0.050

0.050

0.050

0.050
0.050

0.050

0.050

0.050

0.050
0.050

0.10

5.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

MDL

0. 0070
0.010
0.010
0 010

0.0080
0.060

0 .010
0.010
0.010
0.0090

0.020

0.010
0. 020
0.010
0.010

0.010
0.010
0. 020

0.50

SURROGATE _ -

Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY
84

91

RECOVERY

LIMITS

(12 - 153)

(55 - 113)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

GC Semivolatiles

Lot-Sample 4 ... : D4C310153-001

Date Sampled ... : 03/29/04 16:35

Prep Date ...... : 03/31/04

Prep Batch 11...: 4091394

Dilution Factor: 1

Work Order. I -..:
Date Received..:

Analysis Date-.:

Analysis Time..:

GCSWL1CA

03/31/04

04/01/04
18:19

Matrix ......... : WATER

Method .------ : SW846 8082

PARAMETER

Aroclor 1016

Aroclor 1221

Aroclor 1232

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

RESULT

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

1.0

1.0

1.0

1.0
1.0

1.0

1.0

UNITS

ug/L

ug/L

ug/L

Ug/L
ug/L

ug/L

ug/L

MDL

0. 15

0.25

0. 14
0.14

0.15
0.22

0.16

SURROGATE

Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY
105

89

RECOVERY

LIMITS

(51 - 122)
(41 - 138)
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LOCKWOOD GREENE

Client Sample ID: L-B.S_ MW-2

GC Semivolatiles

Lot-Sample #...:

Date Sampled...:

Prep Date ...... :

Prep Batch # ... :
Dilution Factor:

D4C310153-001

03/29/04 16:35

04/05/04

4096147

1

Work Order I. -:
Date Received..:
Analysis Date..:
Analysis Time..:

GC8WL1CD
03/31/04

04/12/04

20:18

Matrix ......... : WATER

Method . : SW846 8141A

PARAMETER
Azinphos-methyl

Bolstar

Chlorpyrifos

Coumaphos

Demeton (total)
Diazinon

Dichlorvos

Dimethoate

Disulfoton
Ethoprop

Ethyl parathion

Famphur

Fensulfothion

'enthion
Malathion

Merphos

Methyl parathion

Mevinphos

Naled

0,0,0-Triethylphosphoro-

thioate

Phorate

Ronnel

Sulfotepp

Thionazin

Tokuthion

Trichloronate

EPN

Demeton-O

Demeton-S

Tetrachlorvinphos (Stirophos)

RESULT

ND

ND

ND

ND
ND

ND

ND

ND
ND

ND

ND
ND

ND
ND

ND
ND
ND

ND

ND

ND

REPORTING

LIMIT

2.5

0.50

0.50

0.50

1.0

0.50

0.50
0.50

0.50

0.50

0.50
1.0

2.5

0.50
1.2

5.0
0.50

6.2

10

0.50

UNITS

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

MDL

0.14

0.14

0.054
0.079

0.19

0.039
0.13

0.18

0.057

0.056

0.040
0.054

0.22

0.061
0.050
0 063

0.061

0.16

0.22

0. 15

0.075

0.11

0.030

0.059

0.071
0.057

0. 050

0 19

0.19

0. 056

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

0. 50
10

0. 50

0.50
0.50

0.50

0.50

1.0

1.0

2.5

SURROGATE
Chlormefos

Ethyl Pirimifos

PERCENT

RECOVERY

92
72

RECOVERY

LIMITS

(48 - 114)
(68 - 98 )
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

TOTAL Metals

Lot-Sample I...: D4C310153-001

Date Sampled....: 03/29/04 16:35 Date Received..: 03/31/04

PARAMETER RESULT

Prep Batch #...: 4092277

Mercury ND

Prep Batch #.: 4092620

Silver ND

Aluminum 120 J

Arsenic ND

Barium 14

Beryllium ND

Boron 1800

Cadmium ND

Cobalt ND

Cbkromium, 6.3 B

Copper 3.5 B

Iron 39 B

Manganese 900

REPORTING
LIMIT UNITS
_ _ . _ _ _ _ _

0.20 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

100 ug/L

Dilution Factor: 1

15 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

5.0 ug/L

Dilution Factor: 1

100 ug/L

Dilution Factor: 1

5.0 . ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

10 Ug/L

Dilution Factor: I

10 ug/L

Dilution Factor: 1

100 ug/L

Dilution Factor: 1

10 ug/L

Dilution Factor: 1

METHOD

SW846 7470A

Analysis Time..: 17:33

SW846 6010B
Analysis Time..: 08:56

SW846 6010B

Analysis Time.:: 03:14

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 03:14

SW846 6010B
Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

SW846 6010B

Analysis Time..: 08:56

Matrix. .. : WATER

PREPARATION- WORK
ANALYSIS DATE ORDER i

04/06/04 GC8WL1A7

MDL ..... ..... 0.054

04/06-04/17/04 GC8WL1AK
MDL ............ 0.70

04/06-04/29/04 GC8WLJAL

MDL ... ... : 20

04/06-04/17/04 GCSWL1AM

MDI . : 4.9

04/06-04/17/04 GC8WL1AN

MDL . : 0.37

04/06-04/17/04 GCBWLlAP

MDL ..... : 0.41

04/06-04/29/04 GC8WL1AQ

MDL . 8.3

04/06-04/17/04 GC8WL1AR
MDL........: 0.27

04/06-04/17/04 GC8WL1AT
MDL ............ : 0.67

04/06-04/17/04 GC8WL1AU

MDL ....... .. : 2.1

04/06-04/17/04 GC8WL1AV

MDL ............ 0.97

04/06-04/17/04 GC8WL1AW

MDL . . . 19

04/06-04/17/04 GC8WLlAX

MDL ... ....... o0.54

(Continued on next page)
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LOCKWOOD GREENE

Client Sample ID: L.E.S. MW-2

TOTAL Metals

Lot-Sample ... : D4C310153-001

REPORTING

PARAMETER RESULT LIMIT UNITS ME

Molybdenum 40 20 ug/L Si

Dilution Factor: 1 Ana3

Nickel 8.8 B 40 ug/L SM

Dilution Factor: I Ana'

Lead ND 3.0 ug/L. SW

Dilution Factor: 1 Ana]

Antimony ND 10 ug/L Sv

Dilution Factor: 1 Ana]

Selenium ND 15 ug/L SW

Dilution Factor: I Ana]

Thallium ND 10 ug/L Si

Dilution Factor: 1 Ana]

inc 11 B 20 ug/L Sh

Dilution Factor: I Ana]

NOTE (S)

J Method blank cooamination The associiied mcdod blank comainthe trget analte a a reponabic kvel.

H Estimaed result. Result is less t8an RL.

ETHOD

,W846 6010B

lysis Time..:

f846 6010B

Lysis Time..:

1846 6010B

Lysis Time..:

1846 6010B

lysis Time..:

1846 6010B

lysis Time..:

1846 6010B

Lysis Time..:

1846 6010B

lysis Time.:

08:56

08:56

08:56

08:56

08:56

08:56

08:56

Matrix. ...-. : WATER

PREPARATION- WORK

ANALYSIS DATE ORDER #

04/06-04/17/04 GC8WL1A0

MDL ...... : 2.3

04/06-04/17/04 GC8WLlAl

MDL ..... . 4.2

04/06-04/17/04 GC8WL1A2

MDL..........: 2.1

04/06-04/17/04 GC8WIAA3

MDL ............ 3.6

04/06-04/17/04 GC8WL1A4

MDL .. ... 4.6

04/06-04/17/04 GC8WL1AS

MDL . ... . 8.1

04/06-04/17/04 GC8WLIA6

MDL .... . 7.1

20



LOWCOOD GREENE I

Client Sample ID: L.E-S. MW-2

General Chemistry

Lot-Sample #...:
Date Sampled.-.:

D4C310153-001 Work Order 4#... : GC8WL

03/29/04 16:35 Date Received..: 03/31/04

Matrix . WATER

PARAMETER

Chemical Oxygen

Demand (COD)

RESULT
20 J

RL UNITS

20 mg/L

METHOD

Dilution Factor: 1

Chloride

Fluoride

1700 Q 300 mg/L

Dilution Factor: 100

0.81 B,G 5.0 mg/L

Dilution Factor: S

MCAWW 410.4

Analysis Time..: 11:15

MCAMW 300.OA

Analysis Time..: 16:21

MCAWW 300.OA

Analysis Time..: 15:34

MCAKW 300.OA

Analysis Time..: 15:34

MCAMW 300.OA

Analysis Time..: 15:34

PREPARATION- PREP

ANALYSIS DATE BATCH #

04/08/04 4099309

MDL . 2.9

03/31/04 4092263

MDL .. . 20

03/31/04 4092264

MDL .0:.. .5o

03/31/04 4092265

MDL ..... . 0.25

03/31/04 4092266

MDL ... 0.25

Nitrate 0.44 BG 2.5 mg/L

Dilution Factor: 5

Nitrite 1.1 B,G 2.5 mg/L

Dilution Factor: 5

Specific Conductance 9700 2.0 umhos/cm MCAWW 120.1 04/09/04 4103197

Dilution Factor: 1 Analysis Time ..: 16:00 MDL .. :

Sul fate 2400 Q 500 Mg/L

Dilution Factor: 100

MCAWW 300-.OA

Analysis Time..: 16:21

03/31/04 4092262

MDL . : 20

Total Cyanide

Total Dissolved
Solids

ND 0. 010 mg/L

Dilution Factor: 1

MCAWW 335.3

Analysis Time..: 14:00

MCAWW 160.1

Analysis Time..: 12:30

04/05/04 4096601

MDL . : 0.0039

6300 Q 20 mg/L

Dilution Factor: 2

04/02/04 4093379

MDL . : 7.2

Total Suspended
Solids

7.6 4.0 mg/L MC~AW 160.2 04/01/04 4092561

Dilution Factor: 1 Analysis Time..: 18:00 MDL . : 0.87

NOTE(S):

RL Reporting Umait

J Method blank contamimation lbhe associated method blatk contains the target analyte at a reportable level

Q Elevated reporting limit. The reponing limit is elevated due to high analye levels

B Estimated result. Result i less than RL

G Elcvated reporting limit The reporting limit is elevated due to matrix iierferere.
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Lot-Sample # :

Date Sampled. -- :

PARAMETER

Fecal Coliform

Total Coliform

LOCKWOOD GREENE

Client Sample ID: L-E.S_ MW-2

General Chemistry

D4C310153-002 Work Order # --- : GC8WT Mat

03/30/04 12:46 Date Received..: 03/31/04

RESULT RL UNITS METHOD

ND 1.0 CFU/lOOm SM1B 9222D Fecal

Dilution Factor: 1 Analysis Time..: 11:00

ND 1.0 CFU/lOOm SM18 9222B

Dilution Factor: 1 Analysis Time..: 11:00

:rix . - : WATER

PREPARATION- PREP

ANALYSIS DATE BATCH #

03/31/04 4096595

IMDL. :

03/31/04 4096596

MDL :..
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QC DATA ASSOCIATION SUMMARY

D4C310153

Sample Preparation and Analysis Control Numbers

SAMPLE# MATRIX

ANALYTICAL

METHOD

LEACH PREP

BATCH # BATCH #

001 WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER

WATER
WATER

WATER

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

MCAWW

SW846

SW846

SW846

SW846

SW846

SW846

SW846

MCAWW

MCAWW

120.1

160.1

160.2

300. OA

300. OA

300. OA

300.OA

300.OA

7470A

8141A,

8082

8081A

8260B

8270C

6010B

335.3

410.4

4103197

4093379

4092561

4092263

4092262

4092264

4092265

4092266

4092277

4096147

4091394

4091410

4099587

4093267

4092620

4096601

4099309

MS RUN#

4103088

4096267

4093173

4100224

4092120

4100208

4100231

4100226

4092142

4099330

4092293

4096322

4099149

002

003

WATER

WATER

WATER

SMI1 9222D Fecal

SMI1 9222B

SW846 8260B

4096595

4096596

4099587 4099330
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METHOD BLANK REPORT

GC/MS Volatiles

Client Lot i .: D4C310153 Work Order IL..: GDT7J1AA Matrix. ----- --- WATER

MB Lot-Sample I: D4D080000-587
Prep Date. : 04/07/04 Analysis Time-.: 19:55

Analysis Date..: 04/07/04 Prep Batch I.: 4099587
Dilution Factor: 1

REPORTING

PARAMETER RESULT LIMIT UNITS METHOD

Acetone ND 10 ug/L SW846 8260B

Benzene ND 1.0 ug/L SW846 8260B

Bromodichloromethane ND 1.0 ug/L SW846 8260B

Bromoform ND 1.0 ug/L SW846 8260B

Bromomethane ND 2.0 ug/L SW846 8260B

2-Butanone (MEK) ND 5.0 ug/L SW846 8260B

Carbon tetrachloride ND 1.0 ug/L SW846 8260B

Chlorobenzene ND 1.0 ug/L SW846 8260B

Chloroethane ND 2.0 ug/L SW846 8260B

Chloroform ND 1.0 ug/L SW846 8260B

Chloromethane ND 2.0 ug/L SW846 8260B

Dibromomethane ND 1.0 ug/L SW846 8260B

1,2-Dibromoethane (EDB) ND 1.0 ug/L SW846 8260B

1,2-Dichlorobenzene ND 1.0 ug/L SW846 8260B

,3-Dichlorobenzene ND 1.0 ug/L SW846 8260B

i,4-Dichlorobenzene ND 1.0 ug/L SW846 8260B

Dichlorodifluoromethane ND 2,0 ug/L SW846 8260B

1,1-Dichloroethane ND 1.0 ug/L SW846 8260B

1,2-Dichloroethane ND 1.0 ug/L SW846 8260B

l,l-Dichloroethene ND 1.0 ug/L SW846 8260B

1,2-Dichloroethene ND 1.0 ug/L SW846 8260B

(total)

cis-1,2-Dichloroethene ND 1.0 ug/L SW846 8260B

trans-1,2-Dichloroethene ND 1.0 ug/L SW846 8260B

1,2-Dichloropropane ND 1.0 ug/L SW846 8260B

cis-1,3-Dichloropropene ND 1.0 ug/L SW846 8260B

trans-1,3-Dichloropropene ND 1.0 ug/L SW846 8260B

Ethylbenzene ND 1.0 ug/L SW846 8260B

2-Hexanone ND 5.0 ug/L SW846 8260B

Methylene chloride 0.48 J 5.0 ug/L SW846 8260B

4-Methyl-2-pentanone ND 5.0 ug/L SW846 8260B

Styrene ND 1.0 ug/L SW846 8260B

1,1,1,2-Tetrachloroethane ND 1.0 ug/L SW846 8260B

1,1,2,2-Tetrachloroethane ND 1.0 ug/L SW846 8260B

Tetrachloroethene ND 1.0 ug/L SW846 8260B

Toluene ND 1.0 ug/L SW846 8260B

1,2,4-Trichloro- ND 1.0 ug/L SW846 8260B

benzene

1,1,1-Trichloroethane ND 1.0 ug/L SW846 8260B

1,2-Trichloroethane ND 1.0 ug/L SW846 8260B

.:ichloroethene ND 1.0 ug/L SW846 8260B

(Continued on next page)
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METHOD BLANK REPORT

GC/MS Volatiles

Client Lot I --- : D4C310153 Work Order X ... : GDT7J1AA Matrix ........ : WATER

PARAMETER

Trichlorofluoromethane

1,2,3-Trichloropropane

Vinyl chloride

Xylenes (total)

n-Butylbenzene

sec-Butylbenzene

Isopropylbenzene

1,2,4-Trimethylbenzene

1,3,S-Trimethylbenzene

n-Propylbenzene

tert-Butylbenzene

Dibromochloromethane

2-Chlorotoluene

4-Chlorotoluene

1,2-Dibromo-3-

chloropropane (DBCP)

1,3-Dichloropropane

2,2-Dichloropropane

,l-Dichloropropene

Hexachlorobutadiene

4-Isopropyltoluene

Methyl tert-butyl ether

1,2,3-Trichlorobenzene

m-Xylene & p-Xylene

o-Xylene

Bromobenzene

Bromochloromethane

Naphthalene

RESULT

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

2.0

1.0

1.0

2.0

1.0

1.0

1.0

1.0

1.0
1.0

1.0
1.0

1.0

1.0

2.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

METHOD

SW846 I

SW846 I

SW846 I

SW846 I

SW846 I

SW846 E

SW846 I

SW846 I

SW846 I

SW846 I

SW846 E

SW846 e
SW846 E

SW846 E

SW846 E

SW846 E

SW846 E

SW846 8

SW846 8

SW846 E

SW846 E

SW846 E

SW846 E

SW846 E

SW846 E

SW846 8

SW846 E

3260B

3260B

3260B

3260B

3260B

3260B

3260B

8260B

3260B

3260B

3260B

8260B

3260B

8260B

8260B

8260B

8260B

8260B

8260B

8260B

8260B

8260B

1260B

8260B

8260B

1260B

3260B

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1.0

5. O
1.0

1.0
1.0

5.0

1.0

2.0

1.0

1.0
1.0

1.0

SURROGATE

Dibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT

RECOVERY

94

76

88

86

RECOVERY

LIMITS

(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOTE(S):
Caculations are performed before rounding to avoid Found-of ernors in valcuIaeg resuls

J Euimated resuh Resuht is less dian RL.
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LABORATORY CONTROL SAMPLE EVALUATION REPOrr

GC/MS Volatiles

Client Lot #-. .: D4C310153

LCS Lot-Sample#: D4D080000-587

Prep Date.... : 04/07/04

Prep Batch #i. .- : 4099587

Dilution Factor: I

Work order # --- : GDT7J1AC

Analysis Date..: 04/07/04

Analysis Time..: 19:35

Matrix.. - : WATER

PARAMETER

Benzene
Chlorobenzene

1,1-Dichloroethene
Toluene

Trichloroethene

PERCENT

RECOVERY

97
92
102
86

114

RECOVERY

LIMITS

(75 - 116)
(77 - 117)

(67 - 125)
(74 - 115)
(80 - 123)

METHOD

SW846 8260B
SW846 8260B

SW846 8260B
SW846 8260B

SW846 8260B

SURROGATE

Dibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT

RECOVERY

89

72

84

82

RECOVERY

LIMITS

(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOTE(S):
Caliculaions are performed before rounding to avoid rowid-off errors in calculated resuks

801d print denos oaatrol paraniteters
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LABORATORY CONTROL SAMPLE DATA REPORT

GC/MS Volatiles

Client Lot I .-: D4C310153

LCS Lot-Sample#: D4D080000-587

Prep Date ...... : 04/07/04

Prep Batch #...: 4099587

Dilution Factor: 1

Work Order ff...: GDT7J1AC Matrix . - : WATER

Analysis Date..: 04/07/04

Analysis Time..: 19:35

PARAMETER

Benzene
Chlorobenzene

1 ,1-Dichloroethene

Toluene

Trichloroethene

SPIKE

AMOUNT

10.0

10.0

10.0

10.0
10.0

MEASURED

AMOUNT

9.70

9.21

10.2

8.64

11.4

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

PERCENT

RECOVERY

97

92

102

86
114

METHOD

SW846 8260B

SW846 8260B

SW846 8260B
SW846 8260B

SW846 8260B

SURROGATE

Dibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT

RECOVERY

89

72

84

82

RECOVERY

LIMITS

(76 - 116)

(59 - 129)

(74 - 114)

(76 - 116)

NOTE(S):

7alcu13tio0s are performed before roundin-, to 2void round-off errors in calculated results

Bold print dcootes control p3rameters
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MATRIX SPIKE SAMPLE EVALUATION REPORT

GC/MS Volatiles

Client Lot g...: D4C310153
MS Lot-Sample #: D4D010203-001

Date Sampled ... : 03/29/04 16:5
Prep Date ...... 04/07/04

Prep Batch I...: 4099587

Dilution Factor: 1

Work Order fL..:

O Date Received..:
Analysis Date..:

Analysis Time..:

GDCH9lEW-MS

GDCH91EX-MSD

04/01/04

04/07/04

21:56

Matrix .---- : WATER

PARAMETER

Benzene

chlorobenzene

1,1-Dichloroethene

Toluene

Trichloroethene

PERCENT

RECOVERY

98

100

93

93

156 a

159 a

88

88
116

117

RECOVERY

LIMITS

(75 - 116)

(75 - 116)
(77 - 117)

(77 - 117)

(67 - 125)

(67 - 125)

(74 - 115)

(74 - 115)

(80 - 123)

(80 - 123)

RPD
RPD LIMITS METHOD

SW846 8260B

1.2 (0-20) SW846 8260B

SW846 8260B
0.23 (0-20) SW846 8260B

SW846 8260B
1.7 (0-20) SW846 8260B

SW846 8260B

0.63 (0-20) 5W846 8260B

SW846 8260B

0.89 (0-20) SW846 8260B

SURROGATE

ibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT

RECOVERY

91
93
74

76

84

86

85
85

RECOVERY

LIMITS

(76 - 116)
(76 - 116)
(59 - 129)

(59 - 129)
(74 - 114)
(74 - 114)
(76 - 116)
(76 - 116)

NOTE(S):

CACUlafioms are perfoncd before rounding to avoid round-off errors in calculated results

Bold print denotes control parameters

a Spiked analyte recovery is outside stated control limits.

28



MATRIX SPIKE SAMPLE DATA REPORT

GC/MS Volatiles

Client Lot # -.- : D4C310153

MS Lot-Sample D: D4D010203-001

Date Sampled...: 03/29/04 16:50

Prep Date .. :04/07/04

Prep Batch 1...: 4099587

Dilution Factor: 1

Work Order 4...:

Date Received..:

Analysis Date..:

Analysis Time..:

GDCH91EW-MS

GDCH91EX-MSD

04/01/04

04/07/04

21:56

Matrix . WATER

PARAMETER

Benzene

Chlorobenzene

1, 1-Dichloroethene

Toluene

Trichloroethene

SAMPLE

AMOUNT

0. 18

0.18

ND
ND

ND

ND

ND

ND

2.2

2.2

SPIKE

AMr
10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10 0

MEASRD

AMOUNT

10.0

10.1

9.32

9.34

15.6

15.9

8.82

8.76

13.8

13.9

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

PERCNT

RECVRY
98

100

93

93

156 a

159 a

88

88

116

117

RPD METHOD
SW846 I

1.2 SW846 I

SW846 t

0.23 SW846 I

SW846 I

1.7 SW846 I

SW846 I

0.63 SW846 I

SW846 I

0.89 SW846 I

3260B

3260B

3260B

3260B

3260B

3260B

3260B

3260B

3260B

3260B

SURROGATE
ibromofluoromethane

1,2-Dichloroethane-d4

4-Bromofluorobenzene

Toluene-d8

PERCENT
RECOVERY

91

93
74

76

84
86

es
85

RECOVERY
LIMITS
(76 - 116)

(76 - 116)

(59 - 129)
(59 - 129)

(74 - 114)

(74 - 114)

(76 - 116)

(76 - 116)

NOTE(S):
Calculatios are performed before rounding to avoid round-off errors in calculated results

Bold print detes coutrol parameters

a Spiked analyte recovery is outside suted control hmns

29



METHOD BLANK REPORT

GC/MS Semivolatiles

Client Lot AI....: D4C310153
MB Lot-Sample #: D4D020000-267

Analysis Date..: 04/06/04

Dilution Factor: 1

PARAMETER

Acenaphthene

Acenaphthylene

Acetophenone

2-Acetylaminofluorene

4-Aminobiphenyl

Aniline

Anthracene

Aramite

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(ghi)perylene

Benzo(a)pyrene

Benzyl alcohol

is(2-Chloroethoxy)

methane

bis(2-Chloroethyl)-

ether

bis(2-Ethylhexyl)

phthalate

4-Bromophenyl phenyl

ether

Butyl benzyl phthalate

4-Chloroaniline

Chlorobenzilate

4-Chloro-3-methylphenol

2-Chloronaphthalene

2-Chlorophenol

4-Chlorophenyl phenyl

ether

Chrysene

Diallate

Dibenz(a,h)anthracene

Dibenzofuran

Di-n-butyl phthalate

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

3,3'-Dichlorobenzidine

4-Dichlorophenol

,6-Dichlorophenol

Work Order Ig...: GDEXW1AA

Prep Date.....: 04/02/04

Prep Batch 1...: 4093267

Matrix -- : WATER

Analysis Time..: 17:41

METHODRESULT

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT UNITS

10 ug/L

10 ug/L

10 ug/L

100 ug/L

50 ug/L

10 ug/L

10 ug/L

20 ug/L

10 ug/L

10 ug/L

10 ug/L

10 ug/L

10 ug/L

10 ug/L

10 ug/L

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

8270C

8270C

8270C
8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

ND 10,

ND 10

ND 10

ND

ND

ND

ND

ND

ND

ND

10
10

10
10
10
10
10

ugJL

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

SW846 8270C

SW846 8270C

SW846 8270C

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

10

20

10

10

10

10

10

10

50

10

10

SW846
SW846
SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SW84 6

SW846

SW846

SW846

SW846

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

(Continued on next page)
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METlOD BLPANK REPORT

GC/MS Semivolatiles

Client Lot #.--: D4C310153 Work Order I...: GDEXW1AA Matrix ...... : WATER

PARAMETER

Diethyl phthalate
Dimethoate
7,12-Dimethylbenz(a)-
anthracene

3,3'-Dimethylbenzidine

2,4-Dimethylphenol
Dimethyl phthalate
1,3-Dinitrobenzene
4,6-Dinitro-
2-methylphenol

2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octyl phthalate
Diphenylamine
Disulfoton
Ethyl methanesulfonate
Fluoranthene
luorene

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopenta-

diene
Hexachloroethane
Hexachloropropene
Indeno(1,2,3-cd)pyrene
Isodrin
Isophorone
Isosafrole
Methapyrilene
3-Methylcholanthrene
Methyl methanesulfonate
2-Methylnaphthalene
Methyl parathion
2-Methylphenol
3-Methylphenol &
4-Methylphenol

Naphthalene

1,4-Naphthoquinone
1-Naphthylamine
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
-Nitroaniline
.±trobenzene

RESULT
ND

ND

ND

ND
ND
ND
ND
ND

ND
ND

ND

ND
ND

ND
ND
ND
ND

ND
ND

ND

ND

ND
ND

ND

ND

ND
ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND
ND
ND
ND
ND

REPORTING
LIMIT
10

20
20

20
10

10
10

50

50

10
10

10
10

50
10

10
10
10

10

50

10

100

10

10

10
20
50
20
10

10

50
10

10

10

50

10

10

so
50

50
10

UNITS
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L

ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
us/L
ug/L

ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L
Ug/L

ug/L
ug/L

ug/L
ug/L

ug/L

METHOD
SW846 8270C
SW846 8270C
SW846 8270C

SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846
SW846

SW846
SW846
SW846
SW846
SW846

SW846

SW846
SW846
SW846
SW846
SW846

SW846
SW846

SW846
SW846

SW846
SW846
SW846
SW846
SW846

SW846

8270C

8270C
8270C
8270C
8270C

8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C
8270C

8270C
8270C

8270C
8270C

8270C
8270C
8270C
8270C

8270C

8270C
8270C
8270C
8270C
8270C
8270C

8270C

8270C
8270C
8270C
8270C
8270C
8270C
8270C

(Continued on next page)

31



METHOD BLANK REPORT

GC/MS Semivolatiles

Client Lot :. D4C310153 Work Order $ --- : GDEXW1AA Matrix- : WATER

PARAMETER

2-Nitrophenol

4-Nitrophenol

4-Nitroquinoline-

1-oxide

N-Nitrosodi-n-butylamine

N-Nitrosodiethylamine

N-Nitrosodimethylamine

N-Nitrosodiphenylamine

N-Nitrosodi-n-propyl-

amine

N-Nitrosomethylethylamine

N-Nitrosomorpholine

N-Nitrosopiperidine

N-Nitrosopyrrolidine

5-Nitro-o-toluidine

Parathion

Pentachlorobenzene

Pentachloroethane

entachloronitrobenzene

Pentachlorophenol

Phenacetin

Phenanthrene

Phenol

Phorate

2-Picoline

Pronamide

Pyrene

Pyridine

1,2,4,5-Tetrachloro-

benzene

2,3,4,6-Tetrachlorophenol

Thionazin

o-Toluidine

1,2,4-Trichloro-

benzene

2,4,5-Trichloro-

phenol

2,4,6-Trichloro-

phenol

0,0, 0-Triethylphosphoro-

thioate

1,3,5-Trinitrobenzene

RESULT

ND

ND

ND

REPORTING

LIMIT

10
50

100

UNITS

ug/L

ug/L

ug/L

ND

ND

ND

ND

ND

10

10

10

10

10

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

10

10

10

10

20

50

10

so
50

50

20

10

10

50

20

20

10

20

10

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/,

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

METHOD

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

SW846 8270C

ND

ND

ND

ND

50
1o
10
10

ND 10

ND 10

ND 50

ND 50

(Continued on next page)
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METHOD BLANX REPORT

GC/MS Semivolatiles

Client Lot I. .- : D4C310153 Work Order #i...: GDEXW1AA Matrix- -.- : WATER

REPORTING

LIMITPARAMETER RESULT UNITS METHOD

SURROGATE

2-Fluorophenol

Phenol-dS

Nitrobenzene-dS

2-Fluorobiphenyl

2,4,6-Tribromophenol

Terphenyl-d14

PERCENT

RECOVERY

74

74

69

68

81

71

RECOVERY

LIMITS

(32 - 116)

(40 - 111)

(53 - 107)

(31 - 105)

(42 - 122)

(21 - 125)

NOTE(S): ___ ___ ___
Calculations are performed before rounding to avoid round-ofl errors in calculaged resuhs.
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC/MS Semivolatiles

Client Lot # .-. : D4C310153

LCS Lot-Sample#: D4D020000-267

Prep Date..... : 04/02/04

Prep Batch # .- : 4093267

Dilution Factor: 1

Work Order i ... : GDEXW1AC-LCS Matrix - : WATER
GDEXW1AD-LCSD

Analysis Date-.: 04/06/04

Analysis Time..: 18:09

PARAMETER

Acenaphthene

4-Chl.oro-3-methylphenol

2-Chlorophenol

1,4-Dichlorobenzene

2,4-Dinitrotoluene

4-Nitrophenol

N-Nitrosodi-n-propyl-

amine

PERCENT

RECOVERY

63

65

68

70

71

72

63

63
65

69

56

59

58

58

RECOVERY

LIMITS

(55 - 97)

(55 - 97)

(59 - 106)

(59 - 106)
(59 - 105)

(59 - 105)

(31 - 98)

(31 - 98)

(57 - 113)
(57 - 113)
(43 - 118)

(43 - 118)

(51 - 99)

(51 - 99)

- RPD

RPD LIMITS METHOD

SW846 8270C

3.1 (0-30) SW846 8270C

SWB46 8270C

3.2 (0-40) SW846 8270C

SW846 8270C

0.40 (0-40) SW846 8270C

SW846 8270C
0.35 (0-40) SW846 8270C

SW846 8270C

5.0 (0-40) SW846 8270C

5 9
SW846

(0-40) SW846

SW846

8270C

8270C

8270C

0.91 (0-40) SW846 8270C

Pentach-lorophenol

Phenol

Pyrene

1,2,4-Trichloro-

benzene

78

82

66

66

55

59
67

(48

(48

(56

(56

(51

(51

(36

- 114)

- 114)

- 106)

- 106)

- 103)

- 103)

- 99)

SW846
4.8 (0-40) SW846

SW846

0-74 (0-40) SW846

SW846

6.1 (0-40) SW846

SW846

2.2 (0-40) SW846

8270C

8270C

8270C

8270C

8270C

8270C

8270C

69 (36 - 99) 8270C

SURROGATE

2-Fluorophenol

Phenol-d5

- -Nitrobenzene-dS

2-Fluorobiphenyl

2,4,6-Tribromophenol

'erphenyl-d14

PERCENT

RECOVERY

62

64

64

65

61

61

59

59

72

74

59

RECOVERY

LIMITS

(54 - 105)

(54 - 105)

(55 - 106)

(55 - 106)

(58 - 108)

(58 - 108)

(53 - 97)

(53 -- 97)

(62 - 113)

(62 - 113)

(55 - 109)

(Continued on next page)
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC/MS Semivolatiles

Client Lot # .: D4C310153 Work Order $ -- : GDEXW1AC-LCS Matrix- : WATER

LCS Lot-Sample#: D4D020000-267 GDEXWIAD-LCSD

SURROGATE

PERCENT

RECOVERY

62

RECOVERY

LIMITS

(55 - 109)

NOTE(S):

Calculations are perforned before rounding to avoid round-off errors in calcubied resuls.

Bold prin denoxes control prarneters
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LABORATORY CONTROL SAMPLE DATA REPORT

GC/MS Semivolatiles

Client Lot t. -- : D4C310153

LCS Lot-Sample#: D4D020000-267

Prep Date ...... : 04/02/04

Prep Batch f .... : 4093267

Dilution Factor: 1

Work Order #.-.: GDEXWlAC-LCS Matrix - - : WATER

GDEXW1AD-LCSD

Analysis Date--: 04/06/04

Analysis Time..: 18:09

PARAMETER

Acenaphthene

4-chloro-3-methylphenol

2-Chlorophenol

1,4-Dichlorobenzene

2,4-Dinitrotoluene

4-Nitrophenol

N-Nitrosodi-n-propyl-

amine

SPIKE

AMOUNT

100

100
150

150

150

150

100
100
100

100

150

150
100

MEASURED

AMOUNT

63.3

65.3

102

105
107

107
63.2

63 0

65.4

68.8

84.1

89.2

57.8

UNITS

ug/L

ug/L

u1g/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

PERCENT

RECOVERY

63

65

68
70

71

72

63
63

65

69

56

59
58

RPD METHOD

SW846 1

3.1 SW846 I

SW846 E

3.2 SW846 E

SW846

0.40 SW846 E

SW846 E

0.35 SW846 E

SW846 E

5.0 SW846 E

SW846 E

5.9 SW846 E

SW846 S

3270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

8270C

1270C

8270C

1270C

100 58.3 58 0.91 SW846 8270C

Pentachlorophenol

Phenol

Pyrene

1,2,4-Trichloro-

benzene

150
150

150

150

100

100

100

117
123

98.9

99.6

55 .1
58.5

67.1

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

78
82

66

66

55

59

67

69

SW846 8270C

4.8 SW846 8270C
SW846 8270C

0.74 SW846 8270C

SW846 8270C

6.1 SW846 8270C

SW846 8270C

2.2 SW846 8270C100 68.5

SURROGATE

2-Fluorophenol

Phenol-d5

Nitrobenzene-d5

2-Fluorobiphenyl

2,4,6-Tribromophenol

Terphenyl-dl4

PERCENT

RECOVERY

62

64

64

65

61

61

59

59
72

74

59

RECOVERY

LIMITS

(54 - 105)

(54 - 105)

(55 - 106)

(55 - 106)

(58 - 108)

(58 - 108)

(53 - 97)

(53 - 97)

(62 - 113)

(62 - 113)

(55 - 109)

(Continued on next page)
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LABORATORY CONTROL SAMPLE DATA REPORT

GC/MS Semivolatiles

Client Lot I...: D4C310153 Work Order I...: GDEXW1AC-LCS 4Matrix........: WATER

LCS Lot-Sample#: D4D020000-267 GDEXW1AD-LCSD

SURROGATE

PERCENT

RECOVERY

62

RECOVERY

LIMITS

(55 - 109)

NOTE (S): _

Calcubaions are performed before rounding to avoid roun-off errors in calculaitd results.

BWd prit demnoes cotrol parameters
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METHOD BLANK REPORT

GC Semivolatiles

Client Lot #-. : D4C310153
MB Lot-Sample #: D4C310000-410

Analysis Date- : 04/15/04

Dilution Factor: 1

Work Order Y ..-: GC9FX1AA

Prep Date ... : 03/31/04

Prep Batch 1...: 4091410

Matrix .--- -- : WATER

Analysis Time.-: 17:35

PARAMETER __

Aldrin

alpha-BHC

beta-BHC

delta-BHC

gamma-BHC (Lindane)

Chlordane (technical)

4,4'-DDD

4,4'-DDE
4,4'-DDT

Dieldrin

Endrin

Endrin aldehyde

Endosulfan I

Endosulfan II

3ndosulfan sulfate

Heptachlor

Heptachlor epoxide

Methoxychlor

Toxaphene

RESULT

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND
ND

ND

ND

ND

ND

REPORTING

LIMIT _

0.050
0.050

0.050

0.050

0.050

0.50

0.050
0.050

0.050

0.050

0 .050
0.050
0.050

0.050

0.050

0.050

0.050

0.10

5.0

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ugJL

ug/L

ug/L

ug/L

ug/L

ug/L

METHOD
SW846 E

SW846 I

SW846 I
SW846 I

SW846 1
SW846 I
SW846 I
SW846 1
SW846 I
SW846 I

SW846 I
SW846 I
SW846 I

SW846 I
SW846 I
SW846 I
SW846 I
SW846 E

SW846 I

8081A

3081A

3081A

B081A

B081A

3081A

3081A

3081A

3081A

3081A

3081A

3081A

3081A

3083LA

3081A

3081A

3081A

3081A

3081A

SURROGATE
Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY

88

87

RECOVERY

LIMITS

(12 - 153)

(55 - 113)

NOTE (S):
CalajialioM arc performed before rounding to avoid rour-off errors in calculated resuirs
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot #...: D4C310153

LCS Lot-Samplet: D4C310000-410

Prep Date .----- : 03/31/04

Prep Batch 1...: 4091410

Dilution Factor: 1

Work Order # --- : GC9FX1AC-LCS Matrix - : WATER

GC9FX1AD-LCSD

Analysis Date..: 04/15/04

Analysis Time.: 16:09

PARAMETER

Aldrin

ganma-BHC (Lindane)

4,4'-DDT

Dieldrin

PERCENT
RECOVERY

97

96

100

100

93

94

99

100

84

83

94

95

RECOVERY
LIMITS
(56 - 126)

(56 - 126)

(72 - 126)

(72 - 126)

(76 - 135)

(76 - 135)

(80 - 132)

(80 - 132)

(63 - 144)

(63 - 144)

(63 - 124)

(63 - 124)

RPD

RPD LIMITS METHOD

SW846 8081T

0.49 (0-30) SW846 8081A

SW846 8081A

0.54 (0-30) SW846 8081A

SW846 8081A

0.88 (0-30) SW846 8081A

SW846 8081A

0.77 (0-30) SW846 8081A

SW846 8081A

1.3 (0-30) SW846 8081A

SW846 8081A

0.78 (0-30) SW846 8083A

Endrin

Heptachlor

SURROGATE

Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY
83

89

83

84

RECOVERY

LIMITS

(56 - 136)

(56 - 136)

(49 - 111)

(49 - 111)

NOTE(S):
Calculations arc performed before rounding to avoid raund-off errors in calculated results

Bold pnnt denotes control parameters
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LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot ... : D4C310153 Work Order # .. : GC9FXlAC-LCS Matrix - - : WATER

LCS Lot-Sample#: D4C310000-410 GC9FXlAD-LCSD

Prep Date ...... : 03/31/04 Analysis Date..: 04/15/04

Prep Batch #f..: 4091410

Dilution Factor: 1

Analysis Time.-: 16:09

SPIKE MEASURED

PARAMETER

Aldrin

ganuna-BHC (Lindane)

4,4'-DDT

Dieldrin

Endrin

Heptachlor

AMOUNT

0.500

O.500

0.500
0.500

0.500

0.500

0.500

0.500

0.500

0.500

0.500

0.500

AMOUNT

0.485
0.482

0.498

0.500

0.464

0.468

0.496

0.499

0.420

0.414

0.469
0.473

UNITS

ug/L

ug/I.

ug/L

ug/L

tug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

PERCENT

RECOVERY

97

96

100

100

93

94
99

o.00

84

83

94

95

RPD METHOD

SW846 808IA

0.49 SW846

SW846

0.54 SW846

SW846

0.88 SW846

SW846

0.77 SW846

SW846

1.3 SW846

SW846

0.78 SW846

8081A

8081A

8081A

8081A

8081A

8081A

8081A

808IA

808IA

8081A

SURROGATE

Decachlorobiphenyl

Tetrachloro-m-xylene

PERCENT

RECOVERY

83

89

83

84

RECOVERY

LIMITS

(56 - 136)

(56 - 136)

(49 - 111)

(49 - 111)

NOTE(S): ___ _ -

C3kulafions are performed before ruunyJiri to avoid routd-off errors in caiculbed results.

Bold prim denoes rontrol paramesers

40



METHOD BLANK REPORT

GC Semivolatiles

Client Lot fl..: D4C310153

MB Lot-Sample #: D4C310000-394

Analysis Date..: 04/01/04
Dilution Factor: I

Work Order I ... : GC9D31AA

Prep Date -.. : 03/31/04

Prep Batch I...: 4091394

Matrix - : WATER

Analysis Time..: 16:36

PARAMETER

Aroclor 1016

Aroclor 1221

Aroclor 1232
Aroclor 1242

Aroclor 1248
Aroclor 1254

Aroclor 1260

RESULT

ND

ND

ND

ND

ND

ND
ND

REPORTING

LIMIT
1.0

1.0

1.0
1.0
1.0

1.0
1.0

UNITS

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L

METHOD

SW846 8082

SW846 8082

SW846 8082

SW846 8082

SW846 8082

SW846 8082
SW846 8082

SURROGATE

Tetrachloro-m-xylene
Decachlorobiphenyl

PERCENT
RECOVERY

93
94

RECOVERY
LIMITS

(51 - 122)

(41 - 138)

NOTE (S ):
laculations are perfornacd before rounding to avoid round-off errors in caiculabed results.
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot I. .: D4C310153

LCS Lot-Sample#: D4C310000-394

Prep Date-.....: 03/31/04

Prep Batch t...: 4091394
Dilution Pactor: 1

Work Order # ... : GC9D31AC-LCS Matrix .. - : WATER

GC9D3lAD-LCSD

Analysis Date..: 04/01/04

Analysis Time..: 17:02

PARAMETER

Arocior 1016

Aroclor 1260

PERCENT

RECOVERY

118

122
106

108

RECOVERY

LIMITS

(58 - 128)

(58 - 128)

(69 - 140)

(69 - 140)

RPD

RPD LIMITS METHOD

SW846 8082

3.0 (0-30) SW846 8082

SW846 8082

1.9 (0-30) SW846 8082

SURROGATE

Tetrachloro-m-xylene

Decachlorobiphenyl

PERCENT

RECOVERY

92

98

96

92

RECOVERY

LIMITS

(42 - 120)

(42 - 120)

(56 - 136)

(56 - 136)

NOTE(S):
Calculation are pertormed before roundingf L avoid rowid-off errors in caculated resulLm

Bold prim denoes conirol paraneters

42



LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot R ... : D4C310153
LCS Lot-Samplet: D4C310000-394

Prep Date.... : 03/31/04

Prep Batch # ...: 4091394

Dilution Factor: 1

Work Order ...- : GC9D31AC-LCS Matrix .--------- WATER

GC9D31AD-LCSD

Analysis Date..: 04/01/04

Analysis Time...: 17:02

PARAMETER

Aroclor 1016

SPIKE

AMOUNT

2. 00

2.00

2.00

2.00

MEASURED

AMOUNT

2.36

2.44
2.13
2.17

UNITS

ug/L

ug/L
ug/L

ug/L

PERCENT
RECOVERY

118

122

106

108

RPD METHOI

SW846

3.0 SW846

SW846

1.9 SW846

8082

8082
8082
8082

Aroclor 1260

SURROGATE

Tetrachloro-m-xylene

PERCENT
RECOVERY
92

98
96

92

RECOVERY
LIMITS

(42 - 120)

(42 - 120)

(56 - 136)

(56 - 136)
Decachlorobiphenyl

NOTE(S):
Calcublions are performed before rounduig ro avoid round-off errors in calculated results.

Bold prin denotes control parameters

43



METHOD BLANR REPORT

GC Semivolatiles

Client Lot # ... : D4C310153

MB Lot-Sample #: D4D050000-147

Analysis Date--: 04/12/04

Dilution Factor: 1

PARAMETER

Azinphos-methyl

Bolstar

Chlorpyrifos

Coumaphos

Demeton (total)

Diazinon

Dichlorvos

Dimetboate

Disulfoton

Ethoprop

Ethyl parathion

Famphur

Fensulfothion

Fenthion

alathion

Merphos

Methyl parathion

Mevinphos

Naled

0,0,0-Triethylphosphoro-

thioate

Phorate

Ronnel

Sulfotepp

Thionazin

Tokuthion

Trichloronate

EPN

Demeton-O

Demeton-S

Tetrachlorvinphos (Stirop

Work Order # ... : GDHOG1AA

Prep Date -----. : 04/05/04

Prep Batch It .. : 4096147

Matrix .. ... : WATER

Analysis Time-.: 18:38

RESULT

ND

ND

ND

ND

ND

ND
ND

ND

ND
ND
ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

REPORTING

LIMIT

2.5

0.50

0.50

0.50

1.0

0.50

0.50

0.50

0.50
0.50

0.50

1.0

2.5

0.50

1.2

5.0

0.50

6.2

10

0.50

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

xug/L

ug/L

Ug/L

ugJL

METHOD

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

SW846 8141A

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0.50

10
0.50

0.50

0. 50

0.50

0.50
1 0

1.0
2.5

SW846

SW846

SW846

SW846

SW846

SW846

SW846

SWB46

SW846

SW846

8141A

8141A

8141A

814 IA

8141A

8141A

8141A

8141A

8141A

8141A

SURROGATE

Chlormefos

Ethyl Pirimifos

PERCENT

RECOVERY

109

82

RECOVERY

LIMITS

(48 - 114)

(68 - 98)

NOTE (S):

Cakulations are pcrfonned beWore rounding to awvid round-off errors in calculated rults.
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

GC Semivolatiles

Client Lot g.---.

LCS Lot-Sample#:

Prep Date ...... :

Prep Batch 4#...:
Dilution Factor:

D4C310153
D4DO50000-147

04/05/04

4096147

1

Work Order # ... : GD11OGlAC-LCS Matrix .-------- : WATER

GDHOGlAD-LCSD

Analysis Date.. 04/12/04

Analysis Time..: 19:11

PARAMETER
Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

PERCENT

RECOVERY
77

73

103
96

79

86

69

73

80

85

99

92

RECOVERY

LIMITS RPD

(47 - 100)

(47 - 100) 4.7

(70 - 103)

(70 - 103) 6.7

(49 - 122)
(49 - 122) 8.5

(56 - 106)

(56 - 106) 6.4
(68 - 105)

(68 - 105) 5.7

(62 - 104)
(62 - 104) 6.9

RPD
LIMITS METHOI

SW846

(0-40) SW846

SW846
(0-40) SW846

SW846

(0-40) SW846

SW846

(0-40) SW846
SW846

(0-40) SW846
SW846

(0-40) SW846

8141A

814LA

8141A
8141A

8141A

8141A

8141A

8141A

8141A

8141A

8141A
814LA

SURROGATE

Chlormefos

PERCENT
RECOVERY

104

95

83
82

RECOVERY
LIMITS
(48 - 1.14)
(48 - 114)
(68 - 98)

(68 - 98)
Ethyl Pirimifos

NOTE(S):

Cawazlions arc perforrned before rounding to avoid Fourd-off errors in calcuiated results.

Bold print denotcm control paramexcrs
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LABORATORY CONTROL SAMPLE DATA REPORT

GC Semivolatiles

Client Lot #I. : D4C310153 Work Order I ... : GDHOG1AC-LCS Matrix- : WATER

LCS Lot-Sample#: D4D050000-147 GDHOG1AD-LCSD

Prep Date - : 04/05/04 Analysis Date..: 04/12/04

Prep Batch J -- : 4096147
Dilution Factor: 1

Analysis Time..: 19:11

SPIKE MEASURED

PARAMETER

Demeton (total)

Diazinon

Ethyl parathion

Malathion

Methyl parathion

Phorate

AMOUNT

4.00

4.00

4 00

4.00

4.00

4.00
4.00

4.00

4.00
4.00
4.00

4 00

AMOUNT

3.06

2.92

4.10

3 84

3.15
3 43

2 75
2 93

3.22
3.41

3.96

3.69

UNITS

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

PERCENT

RECOVERY

77

73

103

96
79

86

69

73

SO
85

99

92

RPD METHOD

SW846 8143A

4.7 SW846 8141A

SW846 8141A
6.7 SW846 8141A

SW846 8141A
8.5 SW846 8141A

SW846 8141A
6.4 SW846 8141A

SWf846 814Th

5.7 SW846 8141A

SW846 8141A

6.9 SW1846 8141A

SURROGATE
Chlorme fos

Ethyl Pirimiifos

PERCENT
RECOVERY
104

95

83
82

RECOVERY
LIMITS

(48 - 114)
(48 - 114)
(68 - 98)
(68 - 98)

NOTE (S): __ ___

Calacitions are performed before rounding to avoid round-off efors in calculated resultL
Bold print denotes control paramnters
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METHOD BLPNK REPORT

TOTAL Metals

Client Lot I .. : D4C310153 Matrix - ---- : WATER

REPORTING

LIMIT

PREPARATION- WORK

ANALYSIS DATE ORDER #PARAMETER RESULT UNITS METHOD

MB Lot-Sample

Mercury

i: D4D010000-277 Prep Batch #. -: 4092277

ND 0.20 ug/L SW846 7470A

Dilution Factor: 1

Analysis Time..: 17:15

04/06/04 GDA641AA

MB Lot-Sample

Alundnum

f: D4DO10000-620 Prep Batch 4..: 4092620

42 B 100 ug/L SW846 6010B

Dilution Factor: I

Analysis Time..: 03:00

04/06-04/29/04 GDDs81AA

Antimony

Arsenic

Barium

ND

ND

ND

10 ug/L

Dilution Factor: I

Analysis Time..: 08:42

15 ug/L

Dilution Factor: 1

Analysis Time..: 08:42

10 ug/L

Dilution Factor: I

Analysis Time..: 08:42

SW846 6010B

SW846 6010B

SW846 6010B

Q4/06-04/17/04 GDD581C9

04/06-04/17/04 GDDS81C2

04/06-04/17/04 GDD581AC

Beryllium

Boron

ND

ND

5.0

Dilution

Analysis

100

Dilution

Analysis

ug/L

Factor: 1

Time..: 08:42

ug/L

Factor: 1

Time..: 03:00

SW846 6010B

SW846 6010B

04/06-04/17/04 GDD581AD

04/06-04/29/04 GDD581C3

Cadmium

Chromium

Cobalt

ND

ND

ND

5.0 ug/L

Dilution Factor: 1

Analysis Time..: 08:42

10 ug/L

Dilution Factor: 1

Analysis Time..: 08:42

10 ug/L

Dilution Factor: 1

Analysis Time..: 08:42

SW846 6010B

SW846 6010B

SW846 6010B

04/06-04/17/04 GDD581C4

04/06-04/17/04 GDD581C6

04/06-04/17/04 GDD581C5

(Continued on next page)
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METHOD BLANK REPORT

TOTAL Metals

Client Lot X : D4C310153 Matrix - -: WATER

REPORTING

LIMITPARAMETER

Copper

RESULT

ND

UNITS METHOD

PREPARATION-

ANALYSIS DATE

04/06-04/17/04

WORK

ORDER #
GDDS81AF10 ug/L

'Dilution Factor: I

Analysis Time..: 08:42

SW846 6010B

Iron ND 100 ug/L

Dilution Factor: 1

Analysis Time..: 08:42

3.0 ug/L

Dilution Factor: 1

Analysis Time..: 03:00

SW846 6010B

SW846 6010B

04/06-04/17/04 GDD581AG

04/06-04/29/04 GDD581CBLead ND

Manganese

Molybdenum

ickel

Selenium

Silver

Thallium

Zinc

ND

ND

ND

ND

ND

ND

ND

10

Dilution

Analysis

20

Dilution

Analysis

40

Dilution

Analysis

15

Dilution

Analysis

10

Dilution

Analysis

10

Dilution

Analysis

20

Dilution

Analysis

ug/L

Factor: I

Time..: 08:42

ug/L

Factor: 1

Time..: 08:42

ug/L

Factor: 1

Time. .: 08:42

ug/L

Factor: I

Time..: 08:42

ug/L

Factor: 1

Time..: 08:42

ug/L

Factor: 1

Time-: 08:42

ug/L

Factor: 1

Time-.: 08:42

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

04/06-04/17/04 GDD581AJ

04/06-04/17/04 GDD581C7

04/06-04/17/04 GDD581AK

04/06-04/17/04 GDD581DA

04/06-04/17/04 GDD58IC1

04/06-04/17/04 GDD581DC

04/06-04/17/04 GDD581AN

NOTE( S):

Cakulations are performed before wowding to avoid sound-off erors in calculated results.

B Esuimated result Result is less don RL
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Lot-Sample #...: D4C310153 Matrix ....... : WATER

PARAMETER

Aluminum

PERCENT
RECOVERY

91
93

Antimony 95
98

Arsenic

Barium

Beryllium

Boron

Cadmium

95

98

102

104

94
97

93
96

92

96

RECOVERY RPD

LIMITS RPD LIMITS

(86 - 108)

(86 - 108) 1.6 (0-20)

Dilution Factor: I

(88 - 108)

(88 - 108) 3.6 (0-20)

Dilution Factor: 1

(89 - 109)

(89 - 109) 3.2 (0-20)

Dilution Factor: 1

(93 - 113)

(93 - 113) 2.3 (0-20)

Dilution Factor: 1

(88 - 112)

(88- 112) 3.5 (0-20)

Dilution Factor: 1

(89 - 110)

(89 - 110) 3.1 (0-20)

Dilution Factor: 1

(89 - 110)

(89 - 110) 4.0 (0-20)

Dilution Factor: 1

METHOD
SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

PREPARATION- PREP-

ANALYSIS DATE BATCH #

04/06-04/29/04 4092620

04/06-04/29/04 4092620

03:04

04/06-04/17/04 4092620

04/06-04/17/04 4092620
08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/29/04 4092620

04/06-04/29/04 4092620

03:04

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

Chromium 98
102

Cobalt

Copper

96
99

95

97

(89 - 112)

(89 - 112) 3.2 (0-20)

Dilution Factor: 1

(86 - 107)

(86 - 107) 3.0 (0-20)

Dilution Factor: 1

(86 - 110)

(86 - 110) 2.5 (0-20)

Dilution Factor: I

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

(Continued on next page)
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LABORATORY CONTROI, SAMPLE EVALUATION REPORT

TOTAL Metals

Lot-Sample # ... : D4C310153 Matrix. ------ : WATER

PARAMETER

Iron

PERCENT

RECOVERY

98
103

RECOVERY RPD

LIMITS RPD LIMITS

(88 - 110)

(88 - 110) 4.6 (0-20)

Dilution Factor: 1

METHOD

SW846 6010B

SW846 6010B

Analysis Time..:

PREPARATION-

ANALYSIS DATE

04/06-04/17/04

04/06-04/17/04

08:47

PREP-

BATCH #

4092620

4092620

Lead 93

96

(91 - 111)

(91 - 111) 2.8 (0-20)

Dilution Factor: 1

SW846 6010B 04/

SW846 6010B 04/

Analysis Time..: 03:04

06-04/29/04 4092620

/06-04/29/04 4092620

Manganese

Molybdenum

Nickel

98

101

95

99

96

99

Selenium 97

100

(90 - 110)

(90 - 110) 3.1 (0-20)

Dilution Factor: 1

(83 - 109)

(83 - 109) 4.0 (0-20)
Dilution Factor: 1

(90 - 110)

(90 - 110) 3.0 (0-20)
Dilution Factor: 1

(88 - 110)

(88 - 110) 2.8 (0-20)

Dilution Factor: I

(85 - 114)

(85 - 114) 3.2 (0-20)

Dilution Factor: 1

(88 - 108)

(88 - 108) 3.3 (0-20)

Dilution Factor: 1

(85 - 110)

(85 - 110) 3.0 (0-20)

Dilution Factor: 1

SW846 6010B

SW846 6010B
Analysis Time :

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Timee..:

SW846 6010B

SW846 6010B

Analysis Time.-:

SW846 6010B

SW846 6010B

Analysis Time..:

SW846 6010B

SW846 6010B
Analysis Time..:

SW846 6010B

SW846 6010B

Analysis Time..:

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

08:47

04/06-04/17/04 4092620
04/06-04/17/04 4092620

08:47

Silver

Thallium

Zinc

98

101

98

101

96

99

NOTE(S):

Calculationas are performed before rounding so avoid roand-off crrnts in calculated results
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LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Lot-Sample ... : D4C310153 Matrix....... : WATER

SPI1

PARAMETER AMOI

Aluminum 200/

200i

Antimony 500

500

:KE MEASURED PERI

UNT AMOUNT UNITS RE

O 1820 ug/L 91

0 1850 ug/L 93

'NT

::VRY

Dilution Factor: 1

RPD METHOD

SW846 6010B

1.6 SW846 6010B

Analysis Time..: 03:04

SW846 6010B

3.6 SW846 6010B

Analysis Time..: 08:47

PREPARATION- PREP

ANALYSIS DATE BATCH #

04/06-04/29/04 4092620

04/06-04/29/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620
475
492

ug/L 95

ug/L 98

Dilution Factor: I

Arsenic

Barium

2000 1900 ug/L 95

2000 1970 ug/L 98

Dilution Factor: I

SW846 6010B

3.2 SW846 6010B

Analysis Time..: 08:47

SW846 6010B

2.3 SW846 6010B

Analysis Time..: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620
2000 2030 ug/L

2000 2080 ug/L

Dilution

102

104

Factor: 1

Beryllium 50.0 46.9

50.0 48.5

ug/L
ug/L

Dilution

94

97

Factor: 1

SW846 6010B

3.5 SW846 6010B

Analysis Time. .: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

Boron

Cadmium

1000 930

1000 959

ug/L

ug/L

Dilution

93

96

Factor: I

92

96

Factor: 1

SW846

3.1 SW846

Analysis

SW846

4.0 SW846

Analysis

6010B

6010B

Time..: 03:04

6010B

6010B

Time..: 08:47

04/06-04/29/04 4092620

04/06-04/29/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620
50.0 46.0 ug/L

50.0 47.9 .ug/L

Dilution

Chromium 200

200

197

203

ug/L 98

ug/L 102

Dilution Factor: 1

SW84 6

3.2 SW846

Analysis

6010B

6010B

Time..: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

Cobalt SOO

500
478

493

ug/L 96

ug/L 99

Dilution Factor: I

SW846 6010B

3.0 SW846 6010B

Analysis Time-.: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

Copper 250 236

250 242

ug/L 95

ug/L 97

Dilution Factor: 1

SW846 6010B

2.5 SW846 6010B

Analysis Time..: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

{Continued on next page)
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LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Lot-Sample I - : D4C310153 Matrix ..-... - : WATER

PARAMETER

Iron

SPIKE MEASURED PER(

AMOUNT AMOUNT UNITS RE(

1000 984 ug/L 98

1000 1030 ug/L l0o.

'CNT

:VRY RPD METHOD

SW846 6010B

4.6 SW846 6010B

Analysis Time..: 08:47

PREPARATION- PREP

ANALYSIS DATE BATCH #

04/06-04/17/04 4092620

04/06-04/17/04 40926203

Dilution Factor: 1

Lead 500

500

467

481

490

505

ug/L

ug/L

Dilution

ug/L

ug/L
Dilution

93

96

Factor: 1

98

101

Factor: 1

SW846

2.8 SW846

Analysis

SW846

3.1 SW846

Analysis

6010B
6010B

Time..: 03:04

6010B

6010B

Time..: 08:47

04/06-04/29/04 4092620

04/06-04/29/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620
Manganese 500

500

Molybdenum 1000 951

1000 990

ug/L

ug/L
Dilution

95
99

Factor: 1

SW846

4.0 SW846

Analysis

6010B

6010B

Time..: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

Nickel 500

500

479

493

ug/L
ug/L

Dil)ution

96

99

Factor: I

SW846 6010B

3.0 SW846 6010B

Analysis Time..: 08:47

SW846 6010B

2.8 SW846 6010B

Analysis Time..: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/.17/04 4092620
04/06-04/17/04 4092620

Selenium 2000 1940 ug/L 97

2000 2000 ug/L 100

Dilution Factor: 1

Silver

Thallium

50.0 49.0 ug/L

50.0 50.6 ug/L

Dilution

96

101

Factor: I

2000 1960 ug/L 98

2000 2030 ug/L 101

Dilution Factor: 1

SW846

3.2 SW846

Analysis

SW846
3.3 SW846

Analysis

SW846

3.0 SW846

Analysis

6010B

6010B

Time..: 08:47

6010B
6010B

Time..: 08:47

6010B

6010B

Time..: 08:47

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620

04/06-04/17/04 4092620
Zinc 500 478

500 493

ug/l.

ug/L

Dilution

96

99

Factor: 1

NOTE(S): __

Cakubtions arc performed before rounding 1o avoid rouid-ofl eors in calculate results.
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot A ... : D4C310153 Matrix. ------ : WATER

PERCENT RECOVERY

RECOVERY LIMITS

PREPARATION-

METHOD ANALYSIS DATE WORK ORDER #PARAMETER

LCS Lot-Sample#:
Mercury

D4DO10000-277 Prep Batch It...: 4092277

99 (84 - 114) SW846 7470A

Dilution Factor: 1 Analysis

04/06/04
Time. .: 17:17

GDA841AC

NOTE(S): -
Caluations are perfonmed before rourdin to avoid rouwd-off errors in calculated results.
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LABORATORY CONTROL SAMPLE DATA REPORT

TOTAL Metals

Client Lot It.-.: D4C310153 Matrix- : WATER

SPIKE MEASURED PERCNT PREPARATION- WORK

PARAMETER AMOUNT AMOUNT UNITS RECVRY METHOD ANALYSIS DATE ORDER #

LCS Lot-Samplel: D4DO10000-277 Prep Batch ... : 4092277

Mercury 5.00 4.95 ug/L 99 SW846 7470A 04/06/04 GDA841AC

Dilution Factor: 1 Analysis Time..: 17:17

NOTE (S):
Caklautiui we performed before rounding to avoid rouin-off errots in calku\ted Tdojts
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MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot I ... : D4C310153

Date Sampled. : 03/29/04 15:20 Date Received-.: 03/30/04

PERCENT RECOVERY RPD

PARAMETER RECOVERY LIMITS RPD LIMITS METHOD

MS Lot-Sample #-: D4C300202-006 Prep Batch # --- : 4092277

Mercury 95 (84 - 114) SW846 7470A

95 (84 - 114) 0.63 (0-10) SW846 7470A

Diltution Factor: I

Analysis Time..: 17:29

Matrix- : WATER

PREPARATION- WORK

ANALYSIS DATE ORDER #

04/06/04 GC63M1AV

04/06/04 GC63M1AW

NOTE(S): ___ _

Calculaiaons are performed before rounding to avoid round off errors in calculated results.
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MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot #-..: D4C310153

Date Sampled -.- : 03/29/04 15:20 Date Received.: 03/30/04

SAMPLE SPIKE MEASRD PERCNT
PARAMETER AMOUNT AMT AMOUNT UNITS RECVRY RPD METHOD

Matrix : WATER

PREPARATION- WORK

_ ANALYSIS DATE ORDER

MS Lot-Sample #: D4C300202-006 Prep Batch Z ... : 4092277

Mercury

ND 5.00 4.73 ug/L 95

ND 5.00 4.76 ug/L 95

Dilution Factor: 1

Analysis Time..: 17:29

SW846 7470A

0.63 SW846 7470A

04/06/04 GC63ML

04/06/04 GC63M1,

NOTE(S):

Calculations are performed before rounding to avoid round-off errors in cakulatcd results
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MATRIX SPIRE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot #. ... : D4C310153

Date Sampled ..... : 03/29/04 10:40 Date Received..: 03/30/04

PERCENT RECOVERY RPD

PARAMETER RECOVERY LIMITS RPD LIMITS METHOD

Matrix ..--... : WATER

PREPARATION- WORK
ANALYSIS DATE ORDER M

MS Lot-Sample I: D4C300171-001 Prep Batch #,...: 4092620

Aluminum 103
113

(83 - 119)

(83 - 119) 6.7 (0-25)

Dilution Factor: I

Analysis Time..: 03:28

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

97

97

97

97

104
105

94
96

96

96

94

94

(81 - 124)

(81 - 124) 0.06 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

(84 - 124)

(84 - 124) 0.56 (0-25)

Dilution Factor: I

Analysis Time..: 09:10

(85 - 120)

(85 - 120) 1.2 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

(79 - 121)

(79 - 121) 1.1 (0-25)
Dilution Factor: I

Analysis Time..: 09:10

(87 - 113)

(87 - 113) 0.76 (0-25)

Dilution Factor: I

Analysis Time..: 03:28

(82 - 119)

(82 - 119) 0.51 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

04/06-04/29/04 GC6T5lA8

04/06-04/29/04 GC6TSIA9

04/06-04/17/04 GC6T51D7

04/06-04/17/04 GC6T51D8

04/06-04/17/04 GC6T51DH

04/06-04/17/04 GC6T51DJ

04/06-04/17/04 GC6T51CA

04/06-04/17/04 GC6TS1CC

04/06-04/17/04 GC6T51CD

04/06-04/17/04 GC6TSlCE

04/06-04/29/04 GC6T51DL

04/06-04/29/04 GC6T51DM

04/06-04/17/04 GC6T51DP

04/06-04/17/04 GC6T51DQ

Chromium 99

100
(73 - 135)

(73 - 135) 1.2 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B

SW846 6010B

04/06-04/17/04 GC6T51DW

04/06-04/17/04 GC6T51DX

(Continued on next page)
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MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot # --- : D4C310153

Date Sampled ... : 03/29/04 10:40 Date Received-.: 03/30/04

MatriX- : WATER

PARAMETER

Cobalt

PERCENT RECOVERY

RECOVERY LIMITS RPD

96 (82 - 119)

RPD

LIMITS METHOD

PREPARATION-

ANALYSIS DATE

04/06-04/17/04

04/06-04/17/04

WORK

ORDER N
GC6T51DT

GC6T51DU

SW846 6010B

SW846 6010B97 (82 - 119) 1.2 (0-25)

Dilution Factor: I

Analysis Time..: 09:10

Copper

Iron

Lead

Manganese

Molybdenum

Nickel

98

100

106

121

96

95

98

100

97

98

97

98

(82 - 129)

(82 - 129) 1.4 (0-25)
Dilution Factor: 1

Analysis Time..: 09:10

(52 - 155)

(52 - 155) 6.7 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

(89 - 121)

(89 - 121) 0.69 (0-25)

Dilution Factor: 1

Analysis Time.. 03:28

(79 - 121)

(79 - 121) 1.2 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

(83 - 109)

(83 - 109) 1.3 (0-25)

Dilution Factor: I

Analysis Time. : 09:10

(84 - 120)

(84 - 120) 1. 1 (0-25)

Dilution Factor: 1

Analysis Time.-: 09:10

(71 - 140)

(71 - 140) 0.20 (0-25)

Dilution Factor: I

Analysis Time..: 09:10

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

SW846 6010B

04/06-04/17/04 GC6T51CH

04/06-04/17/04 GC6T51CJ

04/06-04/17/04 GC6T51CK

04/06-04/17/04 GC6T51CL

04/06-04/29/04 GC6T51D4

04/06-04/29/04 GC6T51D5

04/06-04/17/04 GCGT51CP

04/06-.04/17/04 GC6T51CQ

04/06-04/17/04 GC6T51D1

04/06-04/17/04 GC6T51D2

04/06-04/17/04 GC6TSlCR

04/06-04/17/04 GC6T5lCT

04/06-04/17/04 GC6T51EA

04/06-04/17/04 GC6T51EC

Selenium 98

98

Silver 101

100
(75 - 141)

(75 - 141) 1.3 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B

SW846 6010B

04/06-04/17/04 GC6T51DE
04/06-04/17/04 GC6T51DF

(Continued on next page)
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MATRIX SPIKE SAMPLE EVALUATION REPORT

TOTAL Metals

Client Lot $ ... : D4C310153

Date Sampled .-. : 03/29/04 10:40 Date Received..: 03/30/04

Matrix .---- WATER

PARAMETER

Thallium

PERCENT

RECOVERY

100

100

RECOVERY RPD

LIMITS RPD LIMITS

(90 - 116)

(90 - 116) 0.67 (0-25)

Dilution Factor: 1

Analysis Time..: 09:10

METHOD

SW846 6010B

SW846 6010B

PREPARATION-

ANALYSIS DATE

04/06-04/17/04

04/06-04/17/04

WORK

ORDER #

GC6T51EE

GC6T51EF

Zinc 100

97

(60 - 137) SW846 6010B

(60 - 137) 2.3 (0-25) SW846 6010B

Dilution Factor: 1

Analysis Time..: 09:10

04/06-04/17/04 GC6T51C0

04/06-04/17/04 GC6TS1C1

NOTE(S):

Calculalioni arc performed before rounding to avoid round-off errms in calculated results.
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MATRIX SPIKE9 SAMPLE DATA REPORT

TOTAL Metals

Client Lot #...: D4C310153

Date Sampled...: 03/29/04 10:40 Date Received..: 03/30/04

Matrix... ... WATER

SAMPLE SPIKE MEASRD PERCNT PREPARATION- WORK

PARAMETER AMOUNT AMT AMOUNT UNITS RECVPY RPD METHOD ANALYSIS DATE ORDER #

MS Lot-Sample

Aluminum

870
870

#: D4C300171-001 Prep Batch U...: 4092620

2000 2920 ug/L 103

2000 3120 ug/L 113

Dilution Factor: 1

Analysis Time..: 03:2E

SW846 6010B

6.7 SW846 6010B

SW846 6010B

0.06 SW846 6010B

04/06-04/29/04 GC6T5IA:

04/06-04/29/04 GC6TSIA'

04/06-04/17/04 GC6TS1D

04/06-04/17/04 GC6TSlD'

Antimony

ND 500 48!

ND 500 48(

ug/L 97

ug/L 97

Dilution Factor: I

Analysis Time.. 09:10

Arsenic

ND 2000 1930 ug/L 97

ND 2000 1940 ug/L 97

Dilution Factor: 1

Analysis Time .: 09:10

SW846 6010B
0.56 SW846 6010B

SW846 6010B
1.2 SW846 6010B

04/06-04/17/04 GC6TS1DI
04/06-04/17/04 GC6T51D.

04/06-04/17/04 GC6T51C]

04/06-04/17/04 GC6TSIC(

Barium

92 2000 2160 ug/L 104

92 2000 2190 ug/L 105

Dilution Factor: I

Analysis Time..: 09:10

Beryllium

ND 50.0 47.2 ug/L 94

ND 50.0 47.8 ug/L 96

Dilution Factor: I

Analysis Time..: 09:10

SW846 6010B

1.1 SW846 6010B

04/06-04/17/04 GC6TS5CI

04/06-04/17/04 GC6T51CI

Boron

10 1000 974

10 1000 966

ug/L 96

ug/L 96

Dilution Factor: 1

Analysis Time..: 03:28

SW846 6010B

0.76 SW846 6010B

04/06-04/29/04 GC6TS1DI

04/06-04/29/04 GC6TS1Df-

Cadmium

ND 50.0 46.8 ug/L 94

ND 50,0 47.0 ug/L 94

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B

0.51 SW846 6010B

04/06-04/17/04 GC6TS1DJ

04/06-04/17/04 GC6TSlD(

(Continued on next page)
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MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot # .-. : D4C310153

Date Sampled...: 03/29/04 10:40 Date Received..: 03/30/04

Matrix ..... : WATER

SAMPLE

PARAMETER AMOUNT
Chromium

SPIKE MEASRD PERCNT
AMT AMOUNT UNITS RECVRY RPD

PREPARATION- WORK
METHOD ANALYSIS DATE ORDER #

1S 200 213 ug/L 99

15 200 216 ug/L 100

Dilution Factor: I

Analysis Time..; 09:10

SW846 6010B 04/06-04/17/04 GC6TSlDh

1.2 SW846 6010B 04/06-04/17/04 GC6T51DX

Cobalt

1.2 SOO 483 ug/L 96

1.2 500 488 ug/L 97

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B

1.2 SW846 6010B

04/06-04/17/04 GC6TS1DI

04/06-04/17/04 GC6T51DU

Copper

1.7 250
1.7 250

247 ug/L 98

251 ug/L 100

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B
1.4 SW846 6010B

04/06-04/17/04 GC6T51CE

04/06-04/17/04 GC6T5lCJ

Iron

Lead

1200 1000 2260 ug/L 106

1200 1000 2410 ug/L 121

Dilution Factor: I

Analysis Time..: 09:10

SW846 6010B

6.7 SW846 6010B

SW846 6010B

0.69 SW846 6010B

04/06-04/17/04 GC6T51CK

04/06-04/17/04 GC6T51CL

04/06-04/29/04 GC6TSlD4

04/06-04/29/04 GC6TS1D5

3.5

3.5

500 484 ug/L 96

500 480 ug/L 95

Dilution Factor: 1

Analysis Time..: 03:28

Manganese

77 SOO

77 SOO

569 ug/L 98

576 ug/L 100

Dilution Factor: I

Analysis Time..: 09:10

SW846 6010B

1.2 SW846 6010B

04/06-04/17/04 GC6T5lCP

04/06-04/17/04 GC6T51CQ

Molybdenum

3.4

3.4

1000 971 ug/L 97

1000 983 ug/L 98

Dilution Factor: 1

Analysis Time..: 09:10

SW846 6010B

1.3 SW846 6010B

04/06-04/17/04 GC6T51D1

04/06-04/17/04 GC6TSlD2

(Continued on next page)
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MATRIX SPIKE SAMPLE DATA REPORT

TOTAL Metals

Client Lot # ... : D4C310153

Date Sampled..-: 03/29/04 10:40 Date Received..: 03/30/04

Matrix : WATER

SAMPLE

PARAMETER AMOUNT

Nickel

SPIKE MEASRD PERCNT

AMT AMOUNT UNITS RECVRY RPD METHOD

SW846 6010B

1.1 SW846 6010B

PREPARATION- WORK

ANALYSIS DATE ORDER #

04/06-04/17/04 GC6TS1CF

04/06-04/17/04 GC6T51C1
17 500

17 500

502 ug/L 97

507 ug/L 98

Dilution Factor: 1

Analysis Time..: 09:10

Selenium

5.6 2000 1960 ug/L 98

5.6 2000 1960 ug/L 98

Dilution Factor: 1

Analysis Time..: 09:10

Silver

Thallium

ND 50.0 51.1 ug/L 101

ND 50.0 50.4 ug/L 100

Dilution Factor: I

Analysis Time..: 09:10

SW846 6010B

0.20 SW846 6010B

SW846 6010B

1.3 SW846 6010B

SW846 6010B

0.67 SW846 6010B

04/06-04/17/04 GC6TS1EI

04/06-04/17/04 GC6TS1EC

04/06-04/17/04 GC6TSIDI

04/06-04/17/04 GC6T51DE

04/06-04/17/04 GC6TSlEE

04/06-04/17/04 GC6T51EF

04/06-04/17/04 GC6T5lCC

04/06-04/17/04 GC6TSIC)

ND 2000 2000 ug/L 100

ND 2000 2010 ug/L 100

Dilution Factor: 1

Analysis Time. : 09:10

Zinc

9.1 500 507 ug/L 100 SW846 6010B

9.1 500 495 ug/L 97 2.3 SW846 6010B

Dilution Factor: 1

Analysis Time..: 09:10

NOTE (S):

Calculations are pcrfrwmed before rounding lo avoid rourd-off errors in calculated results
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METHOD BLANK REPORT

General Chemistry

Client Lot #...: D4C310153 Matrix ... : WATER

PARAMETER

Chemical Oxygen

Demand (COD)

REPORTING

RESULT LIMIT UNITS METHOD

Work Order #: GDRJCIAA MB Lot-Sample

PREPARATION- PREP

ANALYSIS DATE BATCH V

i: D4D080000-309
_

_.

4.2 B 20 mig/L

Dilution Factor: 1

Analysis Time..: 11:15

MCAWW 410.4 04/08/04 4099309

Chloride Work Order #: GDW4V1AA

ND 3.0 mg/L

Dilution Factor: I

Analysis Time..: 15:19

MB Lot-Sample

MCAWW 300.OA

#: D4DO10000-263

03/31/04 4092263

Fecal Coliform Work Order #: GDKA41AA

ND 1.0 CFU/lOOm

Dilution Factor: 1

Analysis Time..: 11:00

MB Lot-Sample #: D4D050000-595

SM18 9222D Fecal 03/31/04 4096595 .

Fluoride

ND

Work Order #: GDWTA1AA

1.0 mg/L

Dilution Factor: I

Analysis Time. .: 5: 19

Work Order #:.GDW541AA

0.50 mg/L

Dilution Factor: I

Analysis Time..: 15:19

Nitrate

MB Lot-Sample

MCAWW 300.OA

MB Lot-Sample
MCAWW 300.OA

MB Lot-Sample

MCAWW 300.OA

#: D4DO10000-264

03/31/04

#: D4DO10000-265

03/31/04

#: D4DO10000-266
03/31/04

ND

4092264

4092265

4092266
Nitrite Work Order #: GDW5L1AA

ND 0.50 mg/L

Dilution Factor: 1

Analysis Time..: 15:19

Specific Conductance Work Order #: GDOWCIAA

ND 2.0 umhos/cm

Dilution Factor: 1

Analysis Time. .: 16:00

MB Lot-Sample

MCAWW 120.1

#: D4D120000-197

04/09/04 4103197

Sulfate

ND

Work Order i: GDA3N1AA
5.0 mg/L

Dilution Factor: 1

Analysis Time..: 15:19

Work Order #: GDKAQ1AA

1.0 CFU/lOOm

Dilution Factor: 1

Analysis Time..: 11:00

MB Lot-Sample

MCAWW 300.OA

MB Lot-Sample

SM18 9222B

#: D4DO10000-262

03/31/04

#: D4D050000-596

03/31/04

4092262

4096596
Total Coliform

ND

(Continued on next page)
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METHOD BLANK REPORT

General Chemistry

Client Lot I... : D4C310153

PARAMETER

Total Cyanide

Total Dissolved

Solids

REPORTING

RESULT LIMIT UNITS

Work Order #: GDKDG1AA

ND 0.010 mg/L

Dilution Factor: 1

Analysis Time..: 14:00

Work Order #: GDj5M1AA

ND 10 mg/L

Dilution Factor: 1

Analysis Time..: 12:30

Work Order #: GDF141AA

ND 4.0 mg/L
Dilution Factor: 1

Analysis Time..: 18:00

METHOD

MB Lot-Sample

MCAWW 335.3

MB Lot-Sample

MCAWW 160.1

MB Lot-Sample

MCAWW 160.2

Ltrix.- . : WATER

PREPARATION- PREP

ANALYSIS DATE BATCH M

#: D4D050000-601

04/05/04 4096601

#: D4D020000-379

04/02/04

#: D4DO10000-561

04/01/04

4093379

4092561

Total Suspended
Solids

NOTE(S): __-

Calcuations are performed before rounding to avoid round-off errors in calcubled results.

Estimated result Result is less dun RL
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Lot-Sample 4...: D4C310153 Matrix ...... : WATER

PERCENT

PARAMETER RECOVERY

Chemical Oxygen

Demand (COD)
102

104

RECOVERY RPD PREPARATION- PREP

LIMITS RPD LIMITS METHOD ANALYSIS DATE BATCH #

WO#:GDRJClAC-LCS/GDRJClAD-LCSD LCS Lot-Sample#: D4DO80000-309

(86 - 114)

(86 - 114) 2.9 (0-11)

Dilution Factor: 1

MCAWW 410-4

MCAWW 410.4

Analysis Time..: 11:15

04/08/04 4099309

04/08/04 4099309

Chloride

103

101

Fluoride

102
102

Nitrate

98

98

Nitrite

102

102

Specific Conductance

103

104

Sulfate

101
100

WO#:GDW4VlAC-LCS/GDW4V1AD-LCSD LCS Lot-Sample#: D4DO10000-263

(90 - 110) MCAWW 300.OA 03/31/04 4092263

(90 - 110) 1.9 (0-10) MCAWW 300.OA 03/31/04 4092263

Dilution Factor: 1 Analysis Time..: 14:48

WO#:GDWTAlAC-LCS/GDWTAlAD-LCSD LCS Lot-Sample#: D4DO10000-264

(90 - 110) MCAWW 300.OA 03/31/04 4092264

(90 - 110) 0.24 (0-10) MCAWW 300.OA 03/31/04 4092264

Dilution Factor: 1 Analysis Time..: 14:48

WO#:GDW541AC-LCS/GDW541AD-LCSD LCS Lot-Sample#: D4DO10000-265

(90 - 110) MCAWW 300.OA 03/31/04 4092265

(90 - 110) 0.25 (0-10) MCAWW 300.OA 03/31/04 4092265

Dilution Factor: 1 Analysis Time..: 14:48

WO#:GDW5LlAC-LCS/GDW5LlAD-LCSD LCS Lot-Sample#: D4DO10000-266

(90 - 110) MCAWW 300.OA 03/31/04 4092266

(90 - 110) 0.24 (0-10) MCAWW 300.OA 03/31/04 4092266

Dilution Factor: 1 Analysis Time..: 14:48

WO#:GDOWClAC-LCS/GDOWClAD-LCSD LCS Lot-Sample#: D4D120000-197

(89 - 109) MCAWW 120.1 04/09/04 4103197

(89 - 109) 1.4 (0-7.0) MCAWW 120.1 04/09/04 4103197

Dilution Factor: I Analysis Time..: 16:00

WO#:GDA3N1AC-LCS/GDA3N1AD-LCSD LCS Lot-Sample#: D4DO10000-262

(90 - 110) MCAWW 300.OA 03/31/04 4092262

(90 - 110) 0.49 (0-10) MCAWW 300.OA 03/31/04 4092262

Dilution Factor: 1 Analysis Time..: 14:48

Total Dissolved

Solids
97

96

WOlJ:GDJ5M1AC-LCS/GDJW5MlAD-LCSD LCS Lot-Sample#: D4D020000-379

(86 - 106)

(86 - 106) 1.0 (0-20)

Dilution Factor: 1

MCAWhW 160.1

MCAWW 160.1

Analysis Time..: 12:30

04/02/04 4093379

04/02/04 4093379

(Continued on next page)
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Lot-Sample I...: D4C310153 Matrix.. - : WATER

PERCENT

PARAMETER RECOVERY

Total Suspended

Solids

103

107

RECOVERY RPD PREPARATION- PREP

LIMITS RPD LIMITS METHOD ____.. ANALYSIS DATE BATCH #

WO#:GDF141AC-LCS/GDF141AD-LCSD LCS Lot-Sample#: D4DO10000-561

(86 - 114)

(86 - 114) 3.3 (0-20)

Dilution Faactor: I

MCAWW 160.2

MCAWW 160.2

Analysis Time..: 18:00

04/01/04 4092561

04/01/04 4092561

NOTE (S) :
Calaicatiom are perforned before rounditn io avoid round-off errors in calculaled results.
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LABORATORY CONTROL SAMPLE DATA REPORT

General Cbemistry

Lot-Sample #...: D4C310153 Matrix . . WATER

SPIKE
PARAMETER AMOUNT
Chemical Oxygen

Demand (COD)

100

100

MEASURED PERCNT

AMOUNT UNITS RECVRY RPD METHOD

WO#:GDRJClAC-LCS/GDRJClAD-LCSD

PREPARATION- PREP

ANALYSIS DATE BATCH fi
LCS Lot-Sample#: D4D080000-309

102

104

mg/L 102

mg/L 104

Dilution Factor: I

MCAWW

2.9 MCAWW

Analysis

410.4

410.4

Time..: 11:15

04/08/04 4099309

04/08/04 4099309

Chloride

Fluoride

Nitrate

Nitrite

WO#:GDW4VlAC-LCS/GDW4VlAD-l.CSD

20.0 20.5 mg/L 103 MCAWW

20.0 20.1 mg/L 101 1.9 MCAWW

Dilution Factor: 1 Analysis

WO#:GDWTAlAC-LCS/GDWTAlAD-LCSD

4.00 4.10 mg/L 102 MCAWW

4.00 4.09 mg/L 102 0.24 MCAWW

Dilution Factor: 1 Analysis

WO#:GDW541AC-LCS/GDW541AD-LCSD

4.00 3.94 mg/L 98 MCAWW

4.00 3.93 mg/L 98 0.25 MCAWW

Dilution Factor: 1 Analysis

Wo# :GDW5LlAC-LCS/GDWSLlAD-LCSD

4.00 4.07 mg/L 102 MCAWW

4.00 4.06 mg/L 102 0.24 MCAWW

LCS Lot-Sample#: D4D010000-263

300.OA 03/31/04 4092263

300.OA 03/31/04 4092263

Time..: 14:48

LCS Lot-Sample#: D4DO10000-264

300.OA 03/31/04 4092264

300.OA 03/31/04 4092264

Time..: 14:48

LCS Lot-Sample#: D4DO10000-265

300.OA 03/31/04 4092265

300.OA 03/31/04 4092265

Time..: 14:48

LCS Lot-Sample#: D4DO10000-266

300.OA 03/31/04 4092266

300.OA 03/31/04 4092266

Dilution Factor: 1 Analysis Time..: 14:48

Specific Conductance

1410
1410

Wo#:GDOWClAC-LCS/GDOWClAD-LCSD LCS Lot-Sample#: D4D120000-197

1450 umhos/cm 103 MCAWW 120.1 04/09/04 4103197

1470 umhos/cm 104 1.4 MCAWW 120.1 04/09/04 4103197

Dilution Factcr: 1 Analysis Time..: 16:00

Sulfate WO#:GDA3NlAC-LCS/GDA3NlAD-LCSD

20.0 20.2 mg/L 101 MCAWW

20.0 20.0 mg/L 100 0.49 MCAWW

Dilution Factor: 1 Analysis

LCS Lot-Sample#: D4DO10000-262

300-OA 03/31/04 4092262

300.OA 03/31/04 4092262

Time. .: 14:48

Total Dissolved

Solids

500

500

WO# :GDJ5MlAC-LCS/GDJ5M1AD-LCSD LCS Lot-Sample#: D4D020000-379

485

480

mg/L 97

mg/L 96

Dilution Factor: 1

MCAWW

1.0 MCAWW

Analysis

160.1

160.1

Time..: 12:30

04/02/04 4093379

04/02/04 4093379

(Continued on next page)
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LABORATORY CONTROL SAMPLE DATA REPORT

General Chemistry

Lot-Sample # .. : D4C310153 Matrix. ---- -- : WATER

SPIKE MEASURED PERCNT PREPARATION- PREP

PARAMETER AMOUNT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE BATCH #

Total Suspended WO#:GDFI41AC-LCS/GDF14lAD-LCSD LCS Lot-Sample#: D4DO10000-561

Solids
~~~~1 A__T rn. M a -5^AS1 A n

11b

116

Z0 U

124
mg/L

mg/L

Dilution

iU-5

107

Factor: I

Mf.CAww ibU.z

3.3 MCAWW 160.2

Analysis Time..: 18:00

U4/UI/U4 4U02561

04/01/04 4092561

NOTE(S):
Calculations are perfonned before rounding to avoid round-off errors in calcubted results
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LABORATORY CONTROL SAMPLE EVALUATION REPORT

General Chemistry

Client Lot I... : D4C310153 Matrix ........... WATER

PARAMETER

Total Cyanide

PERCENT RECOVERY

RECOVERY LIMITS

Work Order

96 (89 - 109)

PREPARATION- PREP

METHOD ANALYSIS DATE BATCH #f
#: GDKDGIAC LCS Lot-Sample#: D4DO50000-601

MCAWW 335.3 04/05/04 4096601

Dilution Factor: I Analynis Time . .: 14:00

NOTE (S):
Cakulations are perfrcmwd bfore rouding to avoid round-off errors in calculated rosutjs.
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LABORATORY CONTROL SAMPLE DATA REPORT

General Chemistry

Client Lot .. : D4C310153 Matrix .---- WATER

SPIKE MEASURED PERCNT PREPARATION- PREP

PARAMETER AMOUNT AMOUNT UNITS RECVRY METHOD ANALYSIS DATE BATCH #

Total Cyanide Work Order #: GDKDGIAC LCS Lot-Sample#: D4D050000-601

0.100 0.0965 mg/L 96 MCAWW 335.3 04/05/04 4096601

Dilution Factor: 1 Analysis Time..: 14:00

NOTE (S):
Calculations are performed before rcunding to avoid round-off errors in calculated results
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MATRIX SPIKE SAMPLE EVALUATION REPORT

General Chemistry

Client Lot # ... : D4C310153
Date Sampled ... : 03/29/04 10:20 Date Received..: 03/30/04

Matrix .- : WATER

PERCENT
PARAMETER RECOVERY

Chemical Oxygen

Demand (COD)

107

110 N

RECOVERY
LIMITS

WO#:

RPD
RPD LIMITS METHOD

GC6PGIA2 -MS/GC6PG1A3 -MSD

PREPARATION- PREP

ANALYSIS DATE BATCH 1

MS Lot-Sample U: D4C300158-001

04/08/04 4099309

04/08/04 4099309

(74 - 109) MCAWW 410.4
(74 - 109) 2.7 (0-11) MCAWW 410.4

Dilution Factor: 1

Analysis Timc..: 11:15

Chloride

104

104

Fluoride

103
103

:trate
102
102

WO#: GC8WL1CL-MS/GC8WLlCM-MSD

(80 - 120) MC'AWW 300.OA

(80 - 120) 0.04 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 16:37

WOi: GC8WLlCJ-MS/GC8WLlCK-MSD

(80 - 120) MCAWW 300.OA

(80 - 120) 0.0 (0-10) MCAWW 300.OA
Dilution Factor: 1

Analysis Time..: 15:50

WO#: GC8WLlCQ-MS/GC8WL1CR-MSD

(80 - 120) MCAWW 300.OA
(80 - 120) 0.03 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 15:50

WO1: GC8WLlCN-MS/GC8WL1CP-MSD

(80 - 120) MCAWW 300.OA

(80 - 120) 0.03 (0-10) MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 15:50

WO#: GC8WLlCG-MS/GC8WLlCH-MSD

(80 - 120) MCAWW 300.OA
(80 - 120) 0.06 (0-10) MCAWW 300.OA

Dilution Factor: I

Analysis Time.. : 16:37

WO#: GDAFl1AH-MS/GDAF11AJ-MSD

(78 - 120) MCAWW 335.3

(78 - 120) 0.21 (0-20) MCAWW 335.3

Dilution Factor: 1

Analysis Time..: 14:00

MS Lot-Sample #:
03/31/04

03/31/04

MS Lot-Sample #:

03/31/04

03/31/04

MS Lot-Sample #:
03/31/04
03/31/04

MS Lot-Sample #:
03/31/04

03/31/04

MS Lot-Sample #:

03/31/04

03/31/04

MS Lot-Sample #:
04/05/04

04/05/04

D4C310153 -001

4092263

4092263

D4C310153-001

4092264
4092264

D4C310153 -001

4092265
4092265

D4C310153-001

4092266
4092266

D4C310153-001

4092262

4092262

D4C310358 -001

4096601

4096601

Nitrite

101

101

Sulfate

102

102

Total Cyanide

92
92

NOTE (S):
cutlaions ant performed before rounding to avoid rond-off errors inr cakulbted resudis

.. Spiked analyge recove is outside stated control limits
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MATRIX SPIKE SAMPLE DATA REPORT

General Chemistry

Client Lot # --- : D4C310153
Date Sampled .- : 03/29/04 10:20 Date Received..: 03/30/04

Matrix . :WATER

SAMPLE

PARAMETER AMOUNT
Chemical Oxygen
Demand (COD)

5.9
5.9

SPIKE MEASRD PERCNT PREPARATION- PREP

AMT AMOUNT UNITS RECVRY RPD METHOD ANALYSIS DATE BATCH f

WO#: GC6PGlA2-MS/GC6PGlA3-MSD MS Lot-Sample #: D4C300158-001

50.0 59.3 mg/L 107

50.0 61.0 N mg/L 110

Dilution Factor: 1

Analysis Time. : 11:15

MCAWW 410.4

2.7 MCAWW 410.4

04/08/04 409930!

04/08/04 409930!

Chloride

Fluoride

-trate

Nitrite

WO#: GC8WLlCL-MS/GC8WLlCM-MSD MS Lot-Sample

1700 2500 4320 mg/L 104 MCAWW 300.OA

1700 2500 4330 mg/L 104 0.04 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 16:37

WO#: GC8WLlCJ-MS/GC8WLlCK-MSD MS Lot-Sample

0.81 25.0 26.6 mg/L 103 MCAWW 300.OA

0.81 25.0 26.6 mg/L 103 0.0 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 15:50

WO#: GC8WLlCQ-MS/GC8WLlCR-MSD MS Lot-Sample

0.44 25.0 25.9 mg/L 102 MCAWW 300.OA

0.44 25.0 25.9 mg/L 102 0.03 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 15:50

WO#: GC8WLlCN-MS/GC8WLlCP-MSD MS Lot-Sample

1.1 25.0 26.3 mg/L 101 MCAWW 300.OA

1.1 25.0 26.2 mg/L 101 0.03 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 15:50

WO#: GC8WLlCG-MS/GC8WLlCH-MSD MS Lot-Sample

2400 2500 4960 mg/L 102 MCAWW 300.OA

2400 2500 4960 mg/L 102 0.06 MCAWW 300.OA

Dilution Factor: 1

Analysis Time..: 16:37

#: D4C310153-001
03/31/04 4092262

03/31/04 409226-

#: D4C310153-001

03/31/04 4092261
03/31/04 4092261

#: D4C310153-001
03/31/04 409226E

03/31/04 409226E

#: D4C310153-001
03/31/04 409226(

03/31/04 409226

#: D4C310153-001

03/31/04 409226.

03/31/04 409226,

Sulfate

Total Cyanide

ND
ND

WO#: GDAFllAH-MS/GDAF1lAJ-MSD MS Lot-Sample

0.100 0.0942 mg/L 92 MCAWW 335.3

0.100 0.0944 mg/L 92 0.21 MCAWW 335.3

Dilution Factor: 1

Analysis Time..: 14:00

#: D4C310358-001

04/05/04 4096603

04/05/04 4096603

NOTE(S):
'cuiatons are performed before rounding to avoid round-off errors in calculated resulhs

.. Spiked a;mlyte recovery is oaside stated conrol limits.
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SAMPLE DUPLICATE IVALUATION REPORT

General Chemistry

Client Lot I -: D4C310153 Work Order I...: GC7TQ-SMP Matrix.......: WATER

GC7TQ-DUP

Date Sampled...: 03/29/04'09:30 Date Received..: 03/30/04

DUPLICATE RPD PREPARATION- PREP

PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH 4

Total Suspended SD Lot-Sample #: D4C300292-009

Solids

42 42 mg/L 0.0 (0-20) MCAWW 160.2 04/01/04 409256:

Dilution Factor: 1.25 Analysis Time..: 18:00
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SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

Client Lot # .. : D4C310153 Work Order X..: GC46Q-SMP Matrix ..- : WATER

GC46Q-DUP

Date Sampled...: 03/28/04 11:40 Date Received-.: 03/29/04

DUPLICATE RPD PREPARATION- PREP

PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH

Total Dissolved SD Lot-Sample #: D4C290157-001

Solids

140 130 mg/L 2.9 (0-20) MCAWW 160.1 04/02/04 409337

Dilution Factor: 1 Analysis Time..: 12:30
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SAMPLE DUPLICATE EVALUATION REPORT

General Chemistry

Client Lot #...: D4C310153 Work Order 1L..: GC8WL-SMP Matrix ..... : WATER

GC8WL-DUP

Date Sampled...: 03/29/04 16:35 Date Received..: 03/31/04

DUPLICATE RPD PREPARATION- PREP

PARAM RESULT RESULT UNITS RPD LIMIT METHOD ANALYSIS DATE BATCH I

Specific Conductance SD Lot-Sample #: D4C310153-001

9700 9800 umhos/cm 0.51 (0-7.0) MCAWW 120.1 04/09/04 410319

Dilution Factor: I Analysis Time..: 16:00
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1.0 INTRODUCTION

In accordance with the Scope-of-Services outlined in a letter from Cook-Joyce, Inc. (CJI) dated

19 August 2003, CJI was contracted by Lockwood-Greene Engineering and Construction (LG)

to conduct a hydrogeologic investigation of an undeveloped property in southeastern New

Mexico. The hydrogeologic investigation was conducted on behalf of Louisiana Energy

Services' efforts to license and operate a uranium enrichment facility at this site. The following

sections detail CJI investigational activities at the site.

1.1 SITE DESCRIPTION

The approximate 56acre site is located 2 miles east of Highway 18 in Eunice, Lea County.

New Mexico, as shown on the Site Location Map (Figure 1). The property includes the portion

of Section 32. Township 21, and Range 38 of the New Mexico State grid system that lies north

of New Mexico State Highway 234, which runs east and west across the southern portion of

Section 32. There are no permanent structures on-site. Currently the property is used for cattle

grazing.

The site is characterized by sandy topsoil, sparse vegetation including mesquite trees, some

rolling sand dunes, and about 30 feet of topographic relief from north to south. Although there

are numerous operational oil wells within close proximity to the site, there are none on the

subject property. There are three man-made features on-site. The first is a gravel road that

trends north-south near the center of the site. The road is primarily used by haul trucks entering

and exiting an adjacent surface mine facility that is located north of the site. The second man-

made feature is a gravel pad approximately 200' x 300' that was constructed in early September

during field activities. The third feature is an underground carbon dioxide gas pipeline that is

operated by Trinity Pipeline and crosses the site from approximately the northwest comer to the

southeast comer of the property.

1.2 ADJACENT PROPERTIES

There are several industrial developments within relatively close proximity to the site (see

Figure 2). The site is bordered to the north by a railroad spur that operates between the town of

LOCaOOODGREENEIFNALVM3O70 1
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Eunice and Waste Control Specialists, LLC (WCS). WCS operates a permitted RCRA landfill

and waste storage and processing facilities, and specializes in hazardous and low-level nuclear

waste at their facility. The WCS facility, which is located just across the border in the State of

Texas, is located within about one-half mile east/northeast of the eastern-most portion of the

subject property. WCS also owns the adjacent undeveloped property to the east (Section 33),

between Section 32 and the WCS facility.

The Lea County Municipal Landfill is located immediately south of State Highway 234 near the

southeast comer of the subject property. With the exception of the Lea County Municipal

Landfill and a few oil wells, adjacent property south of State Highway 234 is undeveloped.

Although primarily undeveloped property borders the site to the west, there is a landfarm in

operation within about one-half mile of the western boundary of the subject site. Though not

thoroughly investigated as a part of this project, the D & D Landfarm appears to remediate soil

from off-site sources that may have been affected by oil exploration processes.

There are two industrial facilities located about one-quarter mile north of the subject property.

The two facilities are Wallach Gravel Quarry and Sundown. Wallach has operated a surface

mining operation on their property since about the 1950's. Sundown operates an oil

recovery/recycling facility which includes a sludge pond and an oil storage tank farm that is used

to store oil and sludge recovered from oil exploration processes.

In addition to the active facilities located in the area of the site, an abandoned sand and gravel

quarry is located to northeast of the site on WCS property and which is referred to on USGS

maps as Baker Spring.

LOCICOG!MEN NALM3o70
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2.0 HYDROGEOLOGIC INVESTIGATION FIELD ACTIVITIES

On 25 August 2003, CJI personnel mobilized to the site to conduct field activities related to the

hydrogeologic investigation. The field activities were conducted to collect data to identify and

characterize the hydrogeologic conditions of the uppermost water-bearing zone beneath the

site. The investigation consisted of the installation of nine borings to the top of the redbed to

determine: a) the depth to the redbed, and b) if shallow groundwater is present in the overlying

sand unit. Because groundwater was not located in the shallow sand unit, three additional

monitor wells were installed into a silty sand unit in the redbeds at an approximate depth of 240

feet below ground level (bgl).' These three monitor wells were gauged to evaluate if

groundwater was present. Only one of the three wells produced groundwater. Groundwater

samples were collected from this monitor well. Detailed field activities are described in

Appendix B.

2.1 GENERAL GEOLOGIC CONDITIONS

Prior to initiation of the field investigation, the general hydrogeologic conditions were evaluated.

The data reviewed were obtained from past Investigations of the WCS property, the Lea County

Landfill, and pedestrian surveys of the Wallach sand and gravel operation to the north. The

area is underlain with approximately 25 to 50 feet of primarily unconsolidated sand with thin to

medium lenses of gravel. Perched or localized pockets of groundwater in this unit were

identified as being present to the north of the site in the Wallach mining excavation and to the

east in some piezometers located on the WCS property.

The sand unit is underlain by the Triassic aged Dockuum Group or redbeds. The redbed consist

primarily of a clay mudstone that is interbedded with silt and sandstone zones. Laterally

consistent silt and sandstone zones have been identified at depths of approximately 125 feet

and 230 feet below ground level (bgl). In addition, a discontinuous silt zone at approximately

180 feet BGL has been identified in past investigations of the WCS property. Groundwater has

not been identified in the 125-foot silty sandstone zone. Groundwater in the 180-foot zone is

present at some locations but not continuously across the WCS property. Groundwater is

present in a 230-foot zone across the entire portion of the WCS property that has been

investigated.

LOCWOOMGIEENEWM3O073
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2.2 SHALLOW SUBSURFACE INVESTIGATION

Prior to mobilizing to the site, nine proposed boring locations based on a 1,00-foot center grid

pattern were overlain on an USGS-based site map (see Figure 3) and the associated

coordinates for each of these boring locations was ascertained. On 25 August 2003, CJI

personnel conducted a walking survey of the majority of the site while the predetermined boring

locations were staked. Boring locations were located using a hand-held GPS unit. With the

exception of B-1, each boring location was staked as close to the predetermined coordinates as

possible. Due to the presence of sand dunes, it was necessary to field-locate B-1 about 75'

northwest of its mapped location.

Nine borings, B-1 through B-9, were installed and geologically logged to the geological contact

of the "redbeds'. The borings were drilled using solid and hollow stem augers and the borings

were geologically logged from the cuttings. The boring logs are presented in Appendix A. The

borings ranged in depth from 35 feet to 60 feet. The depth and elevation of the redbed in each

of the borings is shown in Table 1. Once the borings were advanced to the contact, the

boreholes were then allowed to remain open for a minimum of 24 hours to determine if shallow

groundwater was present.

The upper unit was typically described as a dry, red and gray, silty sand with some gravel and

gravel layers present The borings were gauged for a minimum period of 24 hours and

groundwater was not identified in any of the nine borings. Following the gauging period, the

borings were backfilled with cuttings from the drilling operations.

2.3 DEEP SUBSURFACE INVESTIGATION

Upon completion of the shallow subsurface investigation, an investigation of the underlying-

strata was conducted for the purpose of identifying the uppermost water-bearing zone at the

expected depth of 230 feet bgl. This portion of the investigation consisted of the installation of

three test borings to define the interval of the suspected 230-foot uppermost groundwater-

bearing zone. Once the subsurface geologic data were obtained through geophysical logs,

these data were used to design three monitor wells (MWs) near B-1, B-7, and B-9. A summary

of the field activities is presented in Appendix B.

LOCIOODGREENEMAL3O 4
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2.3.1 Geophysical Borings

Three test borings were drilled with air rotary method to a depth of 250 feet bgl without the

collection of soil or core samples. The borings were filled with water from a supply well on the

WCS property that is completed into the Santa Rosa formation of the Dockum Group. CJI

personnel then geophysically logged the borings. The three test boreholes (B-3, B-7, and B-9)

were logged for resistivity using a Mineral Logging Systems unit 1502-282. The geophysical

logs of the three test boreholes can be found in Appendix C of this report-

The geophysical logs indicate that more resistive zones, which are indicative of zones of higher

sand and silt content than the baseline day zones, are located at approximate depths of 100

feet and 225 feet BGL in each of the three borings. A discontinuous resistive zone, at an

approximate depth of 185 feet BGL, was also detected in Borings B-3 and B-9, but not in B-7.

2.3.2 Monitor Well Drilling and Installation Program

The three monitor wells were designed based on the results of the geophysical logs. The

design consisted of the placement of the screened interval across the 230-foot zone that is

approximately 15 feet in thickness. A sand filter pack was placed in the annular space around

the screen and extended a minimum of 3 feet above the screen. Well centralizers were placed

approximately every 50 feet along the well casing to prevent the well from contacting the

borehole wall to ensure a proper filter pack and well seal. Above the sand filter pack, bentonite

chips were placed to seal the screened interval from potential infiltration from above. The

bentonite chips were placed to a depth of 75 feet bgl. A cement-bentonite grout was placed

above the bentonite chip seal. Monitor Well Completion Diagrams for each of the wells are

presented in Appendix D.

The wells were completed at the surface with 4-inch square steel box tubing with a lockable cap

and a 4-foot square concrete pad. Cattle panels were placed around the wells to help prevent

livestock from damaging the wells. A detailed summary of the monitor well drilling and

construction activities is included in Appendix B.

LOCWOOOGRCENEVIAL'.03070 5
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2.4 SURVEY DATA

A survey of the locations and elevations of the 9 borings and 3 monitor wells was conducted by

Pettigrew and Associates, a Registered Professional Surveyor. In addition, top-of-casing

elevation and top of concrete pad elevation data were collected at each of the monitor wells.

The results of these data are shown on the boring logs and the Monitor Well Construction

Diagrams and a report of the survey results are presented in Appendix G. The boring and

monitor well surveyed locations are shown on Figure 3.

2.5 GROUNDWATER LEVEL DATA COLLECTION

On 22 September, CJI began collecting groundwater elevation data from MW-1, MW-2, and

MW-3 to evaluate groundwater recharge in the screened interval. Measurements were

collected using an electric e-line that records to 0.01 foot. The results of the groundwater level

data are presented on Table 2.

Groundwater was present in Monitor Well MW-2 but Monitor Wells MW-1 and MW-3 did not

produce groundwater. Groundwater levels continued to recharge in MW-2 throughout the

monitoring period.

Due to the lack of groundwater in Monitor Wells MW-I and MW-3, deionized water was placed

in the wells. The wells were surged in an attempt to remove any smearing of the borehole walls

that might have been present and that could have prevented the well from producing

groundwater. The wells were surged a total of five times over a five day period using a surge

block that forced water to move back and forth through the borehole wall to remove any fines

that may have caused smearing. Water levels were recorded for a three-week period after

surging. The water level in MW-1 remained relatively constant and the water level in MW-3 fell

during the monitoring period, which would indicate that the screened intervals in these two wells

are dry.

LOCCkWOOOGREENEEFtAL%03070 6
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2.6 GROUNDWATER SAMPLING

Groundwater samples were collected from Monitor Well MW-2. Lockwood Greene coordinated

the delivery of the sample containers and determined the parameters to be analyzed for the

sampling events. Severn Trent Laboratories (STL) and Framatome supplied the sample

containers. Two groundwater sampling events were conducted. Due to the short holding times

of some of the parameters, each of the sampling events was conducted over a two day period.

Samples were collected on 14 October 2003 and 11 November2003 for the containers supplied

by STL Samples were collected on 19 October 2003 and 12 November 2003 for the containers

supplied by Framatome.

Because groundwater had not reached equilibrium in MW-2 prior to each sampling event, the

available groundwater in the well had not stagnated and therefore purging was not conducted

prior to sampling. The samples were collected using new dedicated disposable 2-inch diameter

bailers. The samples were placed in the laboratory supplied containers and placed on ice for

next day delivery to the laboratories. The samples were transported under standard chain-of-

custody procedures. During the sampling activities, the sampling team donned latex gloves to

prevent cross contamination.

LOCMa00GREENEW-O3070
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3.0 DATA ANALYSIS

The data collected from the field investigation activities and from past investigations on the

WCS property to the east have been used to develop a general model of the site characteristics.

The model includes a top of redbed contour map, a hydraulic gradient map of groundwater in

the 230-foot zone, and a hydraulic conductivity calculation of the 230-foot zone.

The top of redbed structure map is presented as Figure 4. The top of red bed represents the

paleogeographic surface of this unit prior to being covered by the overburden sand and silt

material that extends to the current land surface. Based on the structure map there is a

northwest-southeast trending ridge in the redbed that is located to the northeast of the subject

site. Along the southwest toe of this ridge appears to be a top of redbed drainage that slopes to

the south. To the east of the subject site in Section 33, the redbeds generally slope towards this

drainage feature. Beneath the site, the drainage feature generally slopes to the southwest

comer of the property in an east to west drainage feature. This drainage feature has relief of

approximately 40 feet

A groundwater gradient map from wells completed in the 230-foot zone on the WCS site has

been extended to include the groundwater elevation data from Monitor Well MW-2. The

groundwater gradient map is presented as Figure 6. The gradient is shown to be in a south-

southwesterly direction on the WCS site and appears to be in a south-southeasterly direction in

the area of MW-2 on the LES property.. The gradient in the area of MW-2 is approximately

0.011 feet per foot.

Based on recovery rates of groundwater in Monitor Well MW-2, the hydraulic conductivity of the

230-foot zone has been calculated at 3.7 x 106 cm/sec (3.8 feet/year). The hydraulic

conductivity was calculated using Hvorslev's rising head slug test method. The hydraulic

conductivity calculations are presented in Appendix E.

Using the calculated groundwater gradient and the hydraulic conductivity value, the

groundwater velocity has been calculated to be 0.3 feet per year. The calculation of

groundwater velocity is presented in Appendix F. It should be noted that the porosity value

used in the calculation was developed from laboratory analysis of soil samples collected from

this zone from the WCS site.

LOCKW:C41EENEWM =070
RM31119.REPOMT.DOC 8



4.0 CONCLUSIONS

Based on the field activities and data collected to date, the following conclusions have been

made:

* The surface soils at the site consist mainly of fine sand and silt There are minimal

amounts of gravel in certain zones but gravel is not consistently present throughout the

site;

* The upper geologic contact of the redbeds, in boreholes B-1 through B-9, is found

between 23' BGL and 46' BGL The red bed surface is a paleogeographic surface that

slopes towards the southwest comer of the property;

* Shallow groundwater was not detected above the redbeds in boreholes B-I1 through 8-9;

* The 230-zone, that is believed to correspond with the water-bearing zone that WCS is

monitoring, is found to be approximately 15 feet thick and was encountered at depths

ranging from 214 feet to 222 feet BGL;

• Based on interpretation of on-site and off-site data the groundwater gradient in the 230-

foot zone is approximately 0.011 feet per foot to the south-southeast beneath the area of

investigation;

* The hydraulic conductivity of the 230-foot zone has been calculated to be 3.7x104

cmlsec; and

The velocity of the groundwater flow is approximately 0.3 feet per year.

LOC10ONOOREENE-U4AVM030709
R031119_REPMRTDOC 9
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('ii
TABLE I

SHALLOW BORHOLE SURVEY DATA
Lockwood Greene Engineering and Construction

Eunice, New Mexico

Surface Elevation Depth to Redbed Elevation at Top of Redbed
Boring (feet MSL) (feet MSL) (feet MSL)

B-1 3,396 55 3,341

B-2 3,402 34 3,368

B-3 3,403 23 3,380

3-4 3,401 45 3,356

B-5 3,409 43 * 3,366

B-6 3,415 45 3.370

B-7 3,415 26 3,389

B-8 3,423 38 3,385

B-9 3,421 46 3,375

-I

LOCK OO GREENEWINALU13070%
To311199ABLE 1.OC



TABLE 2 0 1
GROUNDWATER LEVEL DATA

Lockwood Greene Engineering and Construction
Eunice, New Mexico

Monitor Well MW-I I Mnnitnr Well MW-2 Monitor Well MW-3
DATE DlYV TOC

9/22/03 dry
9/23/03 dry
9/24/03 dry
9/25103 dry
9/26/03 dry
9/29/03 dry
9/30/03 dry
10/1103 dry
10/2/03 dry
10/3/03 dry
10/6/03 dry
10/7/03 dry
10/8/03 dry
10/9/03 dry
10/10/03 -ry
10113/03 dry
10/14/03 dry
10/15/03 dry
10116/03 212.1
10/17/03 215.02
10/18/03 215.03
10/19/03 214.56
10/20/03 214.52
10/22/03 214.43

10/24/03 214.32

10/27/03 214.35

11/4/03 214.37
11/7/03 214.4

11/10/03 214.36
11/11/03 N/A
11/12/03 N/A

DATE DTW TOC
9/22/03 190.78
9/23/03 165.04

9/24/03 153.85
9/25/03 149.68
9/26/03 148.67

9/29/03 138.71
9/30/03 135.11
10/1/03 164.07
10/2/03 149.14
10/3/03 142.58

10/6/03 145,03
10/7/03 138.11
10/8/03 140.64
10/9/03 136.9
10/10/03 133.68
10/13/03 N/A
10/14/03 140.53
10/15/03 165.48
10/16/03 148.52
10117/03 141.86

10/18/03 N/A
10/19/03 133.55
10/20/03 147.56
10/22/03 130.79

10/24103 125.54

10/27/03 120.33
11/4/03 115.84

11/7/03 115.02

11/10/03 114.91
11/11/03 114.24

12/03 121.82

DATE D1W TOC
9/22/03 dry
9123103 dry
9/24/03 dry
9/25/03 dry
9/26/03 dry
9/29/03 dry
9/30/03 dry
10/1/03 dry
10/2/03 dry
10/3/03 dry
10/6/03 dry
10/7/03 dry_
10/8/03 dry
10/9/03 dry
10/10/03 dry
10/13/03 d
10/14/03 d

10/15/03 dy.
10/16/03 220.36
10/17/03 224.37

10/18/03 224.58
10/19/03 224.73

10/20/03 224.79

10/22/03 224.98
10124/03 225.23

10/27/03 225.5

11/4/03 228.14
11/7/03 228.31
11/10/03 226.58

11/11/03 N/A
11/12/03 N/A

.s

DlWTOC - Depth to water from top of casing.
Monitor Well MW-2 was developed on 9/30. 102, 1017, 10/8, and 10/10.
Groundwater samples were collected from MW-2 on 10/14, 10/15. 10/19, 11/1 1, and 11/12.
Monitor Wells MW-I and MW-3 were surged five times using 12 to 13 gallons of Di water from 10116 - 1 O2O.

L0WX0DGRED4 1 Mb2
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Lockwood Greene Engineeuing and Construction

red. (SM).

Fine sand with silt and gravel (< 1-1/2' Dia)
- very dry, gray and red, (SW).

.I

Fine sand with silt and abundant gravel
(< 1-112' Dia.) - very dry, red, (SW).

COMPLETION DEPTH: 60.0'

I DATE: 8-2,

FIJ
CNGNEWNG -AND CONSULTING

812 VfeT ELEVfMl
AUSTIN TOXAS 78701-2000

(6121474-9097 FAX (6121474-8463



LOG OF BORING NO. B-2
Lohwood Greene Engineering and Construction

- very loose, very dry, tan, (SW).

Fine sand with silt and gravel (< 1/2" Dia.)
- very loose, very dry, red, (SW).

Fine sand with silt and gravel (< 112" Dia.)
- very dry, gray and red, (SW).

Gravel layer from 15.5' - 16.5'

,I DATE: 8-27-03 PROJECTNO.: 03070
EU COOK-JOYCE INC.J ' ENGINEERING AND CONSULTINGCE 812 WEST ELEVENTH

AUSTIN, TEXAS 78701*2000
_ _ 612)474-9097 FAX (5121474-8463



LOG OF BORING NO. B-3
Lockwood Greene Engineering and Construction

red, (SM).

me sand with silt and gravel (< 1/4*
- very dry, gray, (SW-).

Fme sand with silt and gravel (< 1/2w Dia.)
- very dry, gray and red, some chert
present, (SW).

IN

MECIENGINEEfNNG AND CONSULTING
812 WEST ELEVENTH

AUSTIN. TEXAS 78701-2000
15121474-9097 FAX 1512)474-8483



LOG OF BORING NO. B4
Lockwood Greene Engineering and Construction

gray and red, (SM).

. very dry, red and gray, (SW).

Fine sand with sit and gravel (< I " Dia.) -
very dry, gray and red, (SW).

-60

COMPLETION

I DATE: 8-28-03 PROJECT NO.: 03070

mmC'MCOOK-JOYCE INC.
ENGINEEMNG AND CONSULTING

812 WEST ELVENTH
AUSTIM. TEXAS 78701-2000

(5121474-9097 FAX 16121474-8463

Sheet I



LOG OF BORING NO. B-5
Lockwood Grccne Engineering and Construction

TYPE: 0-40' lIollow-Stems 4045' Air Rotary LOCATION: Eunice, N.M.

a i: o '4 aLAYER

? 9 f ! STRATUM DESCRIPTION ELEv.
a DEPTH

N 524,274.0 E 927,281.5 El 3408.85 _

5

10-

15

20-

25 -

30-

-35 .

-40-.

-45 .

Fine saul with silt - very loose, very dry,
red, (SM).

Fime sand with silt - very dry, red and gray,
caliche present. (SM).

I

__

_ i -

I 4 4 I-s
I -I 4 4

---- -. _
Fine sand with silt and gravel (< 1/2" Dia.)

- very dry. gray and red. (SW).
6' gravel layer from 32'-32.5'.

3' gravel layer

3378.9
30.0

-. 1

365.5
43.(.64 o . III

3
- 4.

Top of red bed, silty clay - very dry, red,
(CL). A I

, . .

TD=45' 45.0
,_ _ _ _ _ _ _ __ _ _ _ ___E COMPLETION DEPTH: 45.0'

I DATE: 8-27.03 PROJECT NO.: 03070 1
ME

CI,
COOK-JOYCE INC.
ENGINEERUNG AND CONSULTlNG

812 WEST ELEVENTH
AMN TEXAS 78701-2000

45121474-9097 FAX (St247444463

Sheet I of 1



LOG OF BORING NO. B-6
Lockwood Greene Engineering and Construction

- very dry, gray, (SW).

Fine sand with silt and gravel (< 1/2" Dia.)
- very dry, gray. (SW).

.1

COMPLETION DEPTH: 60.0'

I, DATE: 8-28-03 PROJECT NO.: 03070

'O COOK-JOYCE INC.
_ENGINEERING AND CONSULTINGC _ 812 WEST ELEVENTH
AUSTIN. TEXAS 78701-2000

I 4612)474-9097 FAX (6121474-8463



LOG OF BORING NO. B-7
Lodkwood Greene Engineering and Construction

TYPE: 6" Flight Augers LOCATIN: Eunice, N.M.

LAYER
STRATUM DESCRIPTION ELPVh

N 525,545.0 E925,661.4 El 3415.00

-5

-10

-15

-20-

Fine sand with silt - vcry loose, very dry,
red, (SM).

Fine sand with silt - very dry, red and gray,
(SM).

____ __ __I__
I

-25

r

-30

-35

Fme sand with silt and gravel (< 1' Dia.) -
very dry, gray and red, (SW).

Top of red bed, silty clay - very dry, red,
(CL).

3392.
23.

3389.,
26.

3375.'
40.W

0 ___o____-_

0 ______ ____

0-=

.I.

31.

.I _-RI _fl:
I I I I

TD=40' Di

E COl N DEPTH: 40.0'

I DATE: 8-283 PROJECT NO.: 03070 __.

mmCICOOK-JOYCE INC.
ENGINEERNG AND CONSULTING

812 WEST EVENTH
AUSTN TEXAS 78701-2000

(6121474-9097 FAX (S12)474-8463

Sheet I of I



LOG OF BORING NO. B-8
Lckwood Greene Engineering ana Construction

TYPE: Hollow-Stem Augers 0-40', 40 45' Air Rotary LOCATION:_Euiice, N.M.

o e LAYER

W STRATUM DESCRIPON ELEVJ

N 525,604.7 E 927,274.2 El 3423.29'

- 5

-10

-20

Fine sand willt silt - very loose, very dry,
red, (SM).

4- 4 I

I

I
3403.3

20.0

_ I I I __I

.. s . I

.25

-30-

-35

-40

-45s

II

I
I

I

I

I

Fine sand with silt and gravel (< 1 Dia.) -
very dry, caliche and chert present, red.
gray. and tan, (SW).

4- 4 -4

4- 4- 4

4- 4- -I

I -4 -,

-. ,

1 1- I
1 I A --

--------- -
Top of red bed, sily clay - very dry, red,

(CL).

1385.
38.<

1378.
45.

.3 =- -=______ ____

0o =_______ ____

3 -===
I. 4---

I II

TD-45' a

b COMPLETION DEPTH: 45.0'

DATE: 8-26-03 PROJECT NO.: 03070 __._._..C O O K JO Y C IN C
_" COOK-JOYCE INC.

*E ENERENG AND CONSUtTWGC R 8612 viSm FEEvem~
AUSTIN. TEtAS 78701-2000

_ 4612I474-9097 FAX (6121474-1463

Sheet 1 of I



LOG OF BORING NO. B-9
Lockwood Greene Engineering and Construction

TYPE: 6" Flght Augers __LOCATIONEunice. N.M_ _

oo G LAYER

; N5 STRATUM DESCRIPTION DELEV

_ 525,735.9 E 928,595.5 El 3421.33

5

- 10

715

-20

-25

-30

-35

-40

-45

-50

-55

-60

Fine sand with silt - very loose, very dry,
red, (SM).

�lEI- 4 - -

Fine sand with silt and gravel (< 112" Dia.)
- very loose, slightly moist, (SW).

3415.3
A6.0

3407.3
1A A

-4

Fine sand with silt - very dry, red and gray,
(SM).

Fine sand with silt - very dry, gray, (SM).

Fine sand with silt - very dry, red and gray,
(SM).

ss~w .

.I.I

.

.I

3375.3
AA n

-- - - - -

Top of red bed, silty clay - very dry, red,
(CL).

1 4

3 __ _ __ _ _ _ _ _ _1~
I

3
_ . ----- I4

361.
60.'I I I TD=60' .

K ____._

B COMPLETION DEPTH: 60.0'

I DATE: 8-28-03 PROJECT NO.: 03070

ME

CEI
COOK-JOYCE INC.

AM CONSULTING
812 WEST ELEVENTH

AUSTIM TEMXS 78701-2000
(612)474-9097 FAX (6121474-8463

Shed I of I
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i - a- . 1 1 1 4 . g-3 a, a I IJ L I LJ L~-Z L-j Lj L.J LJi AL.- 4-J .

GROUP
3YMBOLS

*

TYPICAL NAMES GROUP
SYMBOL$ TYPICAL NAMES I Undjsturbed Sample

1.5-2.0 - Recovered (ft) / Pushed (ftO
TOPSOIL _7j _[ CONCRETE Split Spoon Sample Auger Cuttings

_ F _ , t] ~~Rock Core Diaoer___ __ __ __ __ __ __ __ __ ____ __ __ __ __ __ __ __ __ __ __ 60.100 - R OD I Recovery Dilatom eter

ASPHALT DOLOMITE No Sample Crandall Sampler
A

Rotary Drill A^ Pressure Meter

I L GRAVEL LIMESTONE Water Table at time of drilling 0 No Recovery

: Water Table after 24 hours

IFILL SHALE

SUBSOIL LIMESTONE/SHALE.- Limestone wvithshale interbeds

Correlation of Penetration Resistance
ALLUVIUM SANDSTONE with Relative Density and Consistenc

SAND & GRAVEL SILT & CLAY
.No.ofBlows RelativeDensity No.ofBlows Consistency

0.4 Very Loose 0-2 Very Soft
COLLUVIUM 1J ll[IL SILTSTONE S .10 Loose 3 - 4 Soft

11.20 Firm 5-8 1 Firm
21-30 Very Firm 9 -15 Stiff

SIUU -0 Sot o . . 31-50 Dense 16 - 30 Very StiffSoRt tnjJ AG BORIG Over 50 Very Dense . 31 - 50 Hard.

Uver 50 Very Hard

i -.

RESIDUUM . Stiff to very hard II UNDISTURBED SAMPLE ATTEMPT
n AT MM .1____________________ - - _____________________I

A
v v L ovr RY CLA&SSIFICATIONS: Soils possessing characteristics of two groups are designated by

combinations of group symbols.

SAND GRAVEL
SILT OR CLAY I Cobbles Boulders

Fine I Mediutm lCoarse Fine I Comec
No.200 No.40 No.10 No4 3/4" 3n 12" -

U.S. STANDARD SIEVE SIZE

KEY TO SYMBOLS AND
DESCRIPTIONS

AMACTEC
MACTEC Enginaering end ConsultIng. IrIc.

1725 Louisville Drive
KnoxvIlle. Tennessee 37921.5IG4

*Aft&.O.AA * Ir,- R. 86 tp OAIA

Reference: The Unified Soil Classification System, Corps of Engineers, U.S. Army Technical
Memorandum No. 3-357, Vol. 1, March, 1953 (Revised April, 1960)
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E,-
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v-I-i - - - - I-

I1
ii

D
K
p
T
H

(A)

10

15

20

r
2 5

-30

-3S

r

- 40

-45

SOIL CLASSIFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION Or
SY3MBLS AND ABBREVIATIONS BELOW.

L
E
6
E
H
D

SAMPLESE
L
E
V

(ft)

I

E
N

T
V
P
K

N-COUNT

Z; v'
_ b

A FINES t%)

* SPT(bpf)

40 S0 6010 20 30
Z . .REDDISH BROWN. DRY. SILTY FINE SAND WITH

SOME FINE ROOTS - EOUAN i11:
----…4.1.-

VERY DENSE. REDDISH BROWN. DRY. SILTY FINE TO
MEDIUM SAND

. .,.,

-341 4-

-3413.4-

70 0 0 100

YLT
SPT-I I

SPT-2

VERY DENSE. DARK RED. DRY. FINE TO MEDIUM _3
SILTY FINE TO MEDIUM SAND WITH CLASTS OF
CEMENTED SAND

.3.4.

VERY DENSE. LIGHT REDDISH YELLOW. DRY. SILTY . -3403.4
FINE TO MEDIUM SAND WITH CLASTS OF CEMENTED.
SAND

. ..

. 339394

VERY DENSE, LIGHT REDDISH YELLOW. SILTY FINE 38 - 4
TO COARSE SAND WITH SOME SUBANGULAR TO
ROUNDED FINE GRAVEL

--- . -..--.------ 12 338334

mSPT-3

SPT-4E

UD-I

S11T-s

SIT-6

PLgA) NM(%() UL)
- 1

I

15-25-28

21-30-26

15-30-37

50t6'

1.0-2.0

S0/6'

50(6'

50/4'

50/6"

- -- - - - - - I

- - -- - - - - 10

- -- - - - - Is

111)020

- - 1- --- 3

- - - - An -

1i
r-

33
:1

l.,

aI ,

C

sPT-7 P=

VERY HARD. PJAKR KLU. LW Y. llGHjII IlLI T
XCAV

SPT Sf
BORING TERMINATED 40.5-

0 10 20 30 40 50 60 70 30 90 100

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING A SAFETY HAMMER NO

GROUNDWATER ENCOUNTERED ATTIME OF PROJECT: NEF - Lea County, New Mexico
EXPLORATION BACK FILLED 014 9/9/2003.

DRILLED: September 9,2003 BORING NO.: B-

PROJ. NO.: 3043031049/0001 PAGE I OF

,1

THIS ECORD IS A REASOMAINLE INTERTATIO4N OF SI.1SURFACE
CONDMIBONS ATTHE EXPoLAlot I CATIONL SUBSURFACE
CONDMlONS ATOTHER 1ACATIO*S ANDATOTHER TIESMAY DIFFER.
IKFERFACES BEWEEN STRATA ARE AFEROXIMATE UAlNSITIOS
BETWEEN STRATA MAY BE GRADUAL

* MACTEC



D
E

T
H

(5t)
0

10

Is

- 20

- 25

- 30

- 3S

- 40

- 45

s ^

SOIL CLASSIFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AMD ABBREVL!TIONS BELOW.

L
E
G
E
N
D

B
L
B
V

(At)

SAMPLES

D' T N-OUtNT
E 5, b
N E
T :O

A FINES ()

* SPT(bpl)

0 An 40 fitt0 20 rn *^ OX wrA
_ _ | . _ 6 zux 47_ _ , , sv Jv w u w YU sw

atLIfla "..,S. .. OL. S. S C~RfSn nsa.. A-A. .. . .

SOME FINE ROOTS - EOIJAN 1-1
VERY DENSE. LIGHT YELLOW. DRY. FINE SILTY
SAND WIlH CLASTS OF CEMENITED SAND - CALICHE . . -
FROM 60-75' . .3

: : :-34172-

12 2-I

SPT-I UF

FIRM TO VERY FIRM, LIGHT YELLOW, DRY. SILTY
FINE TO MEDIUM SAND

VERY FIRM TO VERY DENSE, UGHT YELLOW. SILTY
FINE TO MEDIUM SAND WITH CLASTS OF
CEMENTED SAND FROM 25.0' TO 35.a

3407.2-

-34022-

-33972-

-3392.2-

mSPT4

SIT.5

SPT-4

SP1-3

13-29-29

11-10-10

9-12-12

13-10-12

IS-sm'.

5O/1'

14-23-30

-- -2-5

.- - _ 20n

SFT-7

a

R

a

0

I-----
VERY HARD. DARK RED AND PURPLE. MOIST. HIGH
PLASTlcITY CLAY

-3312.2-

SP1T4

SPT-9 'S12-33-50tS
DORING TERMINATED AT 41 .4

0

. -M 7 . . . . . . . . . . . . . .
I 10 20 30 40 50 60 70 W0 90 100

REMARKS: STANDARD PENEIRATION RESISTANCETESTING
PERFORMED USING A SAFElY HAMMEMI NO

GROUND WATER ENCOUNTERED AT TIME OF PROJECT: NEF - Lea County, New MexicoEXPLORATION BACK FILLED ON 992003.F _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
DRILLED: September9,2003 BORING NO.: B-2

PROJ. NO.: 3043031049J0001 PAGE I OF I

THI RECOD 5 A REASONABLE INIWERETATb4 OF SUSURFACE A1
CONDI1TIOF6ATTHEERLORATIONt WCATfl SWSURFACE Ij,*IM

CONDMfOMATOMIERTCAKMSANDATOTIIER TBUMAYDIF FEC TB C
YRThfACES DEWEEN STRATA ARE APPROXIMATE TRANSIIONS I___

BETWEEN STRATA MAY DE GRADUAL
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D
E
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- 1

- 20
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SOIL CLASSIFICATION
AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANTION O0
SYMBOLS AND ABBREVIA1FONS BELOW.

L
£
G
E
14
D

4 --------.---------- -�-- --- I -.-.-.-- I
R£DDISH BROWN. DRY. SILTY HHL SANDY W[hH

-SOME ROOTS - EOI.IAN
,,.....

-

VERY DENSE, REDDISH BROWN, DRY. SILTY FINE TO
MlEDlM SAND WITH CLASTS OF CEMENTED SAND

E
L
E

(A)
3412.5-

-3407.S

-3402.5-

I

E
N
T

-SAMPLS

T
Y
P
E

N-COUNTi
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Cai
SUMMARY OF FIELD ACTIVITIES

Shallow Boring Program

On 26 August 2003, Total Support Services, Inc. (TSS), LG, and CJI personnel were on-site
with a Mobil B-59 drill rig to install the nine shallow subsurface soil borings. Initially, CJI

proposed to air rotary drill each of the borings to the redbeds. However, due to the looseness

and subsequent continuous cave-ins of the sandy soil near the surface, hollow-stem augers
were used to keep the boreholes open. After attempts to air rotary drill B-8 and 8-5 through

hollow-stem augers proved difficult, solid-stem augers were determined to be the preferred
method of installing the shallow boreholes. Although hollow-stem augers were used to advance

B-2, solid-stem augers were utilized to advance the remaining six shallow boreholes.

In each of the nine shallow boreholes, a CJI geologist lithologically logged the soil using the
USCS classification system from borehole cuttings. Particular attention was paid to the upper

contact of the redbeds (see Figure 4). The lithologic logs of each of these borings can be found
in Appendix A of this report Upon reaching the upper contact of the redbeds, each borehole

was over-drilled several feet so that the borehole might remain open below the contact. On 28

August 2003, the last of the shallow boreholes were completed. On 29 August, each borehole

was gauged using an electric water level indicator to determine whether any groundwater had
collected in the boring. The top of redbed depths and elevations are shown on Table 1.

Deep Boring Pro-gram

The deep subsurface investigation was originally proposed to be conducted using mud rotary

drilling techniques which would allow the collection of soil core samples in B-1, B-7, and B-9

from the top of the redbeds to the bottom of the uppermost water-bearing zone. The lower

contact of the shallowest water-bearing zone was anticipated to be between 220' and 250' BGS.

On 3 September, TSS personnel mobilized to the site with a Mobil B-53 drill rig to conduct the

deep subsurface investigation. TSS set up on B-1 and attempted to set hollow-stem augers to

the top of the redbeds. However, due to geologic conditions (the presence of large gravel), the

MCJ*OOG1EREEWPWOMUO
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hollow-stem augers became lodged in the borehole at a depth of about 50' BGL. Numerous

unsuccessful attempts were made to dislodge the augers. Eventually another borehole was

advanced near the first borehole location. The result was the same and the augers were lodged

at about 45' BGL. After unsuccessfully attempting to retrieve the drilling equipment from the two

boreholes, the equipment was abandoned. A total of 40' of hollow-stem augers was lost in B-1.

At that time, due to geologic conditions, a decision to abandon B-1 and replace that monitor well

location with B-3 was made.

Following the abandonment of B-1, TSS moved to B-7. Prior to mud rotary drilling B-7, hollow-

stem augers were advanced to the top of the redbeds to keep the upper sand from collapsing

into the borehole. Once the hollow-stems were in place, mud rotary drilling was to be used to

advance the borehole to total depth (TD). However, 'due to prior drilling difficulties and time

constraints, the decision to utilize air rotary drilling methods to advance B-7 to 180' BGS prior to

converting to mud rotary drilling techniques was made. On 7 September, TSS began core

sampling B-7 starting at 180' BGS. Due to mud rotary drilling difficulties there was essentially

no recovery of core soil samples from 180'-205' BGS. After numerous unsuccessful attempts to

collect core soil samples from B-7, a decision was made to air core each of the three test

boreholes to 250' BGS and then geophysically log the boreholes to determine monitor well

design information.

At that time, TSS began advancing B-9 to 250' using air rotary drilling techniques. After casing

the upper 45' of soil using 8-1I4" outer diameter (OD) hollow-stem augers, test borehole B-9

was advanced to a TD of 250' BGS. After tripping the dnlling equipment out of the borehole, an

electric water level indicator was used to check for the presence of groundwater. It was

determined that there was no groundwater in the test borehole immediately upon completion of

drilling activities. The borehole was allowed to remain open overnight and was checked the

following day. On 10 September, CJI personnel determined groundwater in B-9 was at about

232.22' BGS. Using the same drilling methods, the test borehole at B-7 and the first test

borehole at B-3 were completed to about 250' BGS on 11 September and 12 September,

respectively. The test boreholes were dry to TD immediately upon completion of drilling

activities. Groundwater was not present in B-7 even after allowing it to remain open ovemight.

LOCKVcOOOGM u40o7O
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The test borehole at B-3 was geophysically logged immediately after drilling and was not

allowed to remain open overnight for subsequent groundwater level data collection.

Before geophysical logging activities could be completed in the test borehole at B-3, the

borehole collapsed to 25' BGS. Therefore, a second test borehole was drilled at 8-3 to about

250' BGS on 13 September. The second test borehole was also dry upon completion of drilling

activities and was geophysically logged immediately thereafter.

Monitor Well Drilling and Installation Program

After the test boreholes at B-3, B-7, and B-9 were geophysically logged, TSS began to make

preparations to advance a borehole at each of these locations in which a monitor well would be

installed. The boreholes would be cased to the top of the redbeds using 10" OD hollow-stem

augers and then air drilled to TD using air rotary drilling methods with a 6"-diameter bit. After

setting up to begin this process at 8-3, the B-59 drill rig broke down and was not able to be

repaired. For this reason, TSS and CJI demobilized from the site on 14 September.

On 18 September, TSS and CJI mobilized to the site. In addition, due to additional time

constraints, a second drill rig (CME 75) supplied by Enviro-Drill, Inc. (EDI) was on-site to

facilitate monitor well drilling and installation processes.

TSS set up on 8-7 (MW-1) and advanced 10" OD hollow-stem augers to 30' BGS. After

completing this task, TSS moved to B-3 and began drilling MW-3 by also installing 30' of 10" OD

augers. EDI began drilling at B-9 (MW-2) by installing 50 of 1io OD hollow-stem augers. TSS

and EDI advanced each monitor well boring to TD using air rotary drilling techniques and 6"-

diameter bits. Both crews were using Sullair 900 air compressors. However, EDI drilled using

125 pounds per square inch (PSI) air pressure while TSS drilled using 150 PSI air pressure. On

19 September, TSS reached TD of 240' BGS in MW-3 borehole and EDI reached TD of 235.5'

BGS in MW-2 borehole. After completing the installation of MW-3, TSS set up over the augers

previously set in the MW-I borehole. On 20 September, TSS reached TD of 231' BGS in MW-1

borehole.

LOCWOOOOGRMENEF MLO3070
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Upon reaching TD, each crew installed the monitor well material, as witnessed by CJI and LG

personnel. Monitor well construction diagrams detailing the installations can be found in

Appendix D of this report. Each monitor well was constructed using 2-inch diameter Schedule

40 PVC sealed in its factory packaging. Personnel who handled the unpackaged screen or

casing donned latex gloves prior to handling the material. Each monitor well was constructed

using 15' of 0.010-inch slotted screen and enough riser to bring the monitor well to the surface.

Stainless steel centralizers were attached to the riser about every 50' to hold the monitor well in

place. After inserting the screen and riser into the monitor well borehole, a sand filter pack was

poured from the surface to bring the sand filter at least three feet above the top of the screened

interval. Following placement of the sand filter, bentonite chips were poured from the surface to

a level of 75' BGS. The bentonite chips were then hydrated using 10 gallons of distilled water.

After pouring in the distilled water, the chips were allowed to hydrate. A cement/bentonite slurry

was then placed into the monitor well borehole to fill the annulus to about ground level. Then

grout was placed into the annulus by pressure grouting from the bottom up using tremie pipe.

After the grout was placed to this level, the hollow-stem augers were removed. The monitor

wells were then allowed to set up overnight. The following day, bentonite chips were added to

bring the plug to about surface level. After pouring in the appropriate amount of bentonite chips,

they were hydrated with five gallons of distilled water. The drop in the level of the

cement/bentonite slurry was between 7' and 17' BGS in the three monitor wells.

A variance from the general construction process in Monitor Well MW-i is noted. While

removing the hollow-stem augers from Monitor Well MW-1, TSS experienced some difficulties.

About 15' of augers became lodged in the hole and, due to darkness, had to remain in the

borehole overnight. The augers were eventually removed the following day. However, in the

process of removing them, some loose soil caved in on top of the cement/bentonite slurry.

Each of the monitor wells was surface-completed with a 4'x4'x6" concrete pad and a protective

steel upright casing. Prior to pouring concrete for the pads, plastic was laid down within the

form to help keep the moisture from being drawn out to the underlying sandy soil. In addition,

6"x6 wire mesh was cut and laid in the forms to help strengthen the concrete. A three-sided,

pre-fabricated metal fence was then placed around each pad to protect the monitor well from
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\Icows and other potential harm. In addition, each of the protective casings was locked with a

padlock to help prevent tampering.
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Well No.: MW
Boring No.: 8-7

V-1

MONITOR WELL CONSTRUCTION SUMMARY (31
Survey Coordinates: 525569.741 N

925710.071 E
Elevation Ground Level:
Top of Casing:
Screened Interval:

3415.44'
3418.37'
3186.7'- 3201.7'New Mexico State Plane Zone 3001 (NAD83)

V

-75

DRILLING SUMMARY CONSTRUCTION TIME LOG"')
Start Finish

Total Depth 231' Task Date lime Date Time
Borehole Diameter 10'Augers 0-30' BGS Drilling:

6 Air 30'- 231'BGS Augers 9118 17:25 9/18 17:55
Air Drill 9/20 10:30 9120 14:20

Casing Stick-up Height 2.93'
Driller. Total Support Services Geophys Log: 9/12 10.45 9/12 11:30

Casinar 9/o2 16:05 9/20 16:35

Rig: B-59 _
Bit(s): 6 Rotary Bit 10. Hollow Stem Augers Filter Placement 9/20 16:40 9/20 16:47
Drilling Fluid: Air Cementing: 9/o 17:42 9/20 18:02
Protective Casing: 4 x 4 Steel Bentonite Seal: 9/20 16:47 9120 17:42

I921 11:03 9/1 11:15

WELL DESIGN AND SPECIFICATIONS WELL DEVELOPMENT

Basis: Geologic Log _ Geophysical Log X
Casing String(s): C = Casing S - Screen

Depth String(s) Elevation
0'-213. 8' C 3201.r-3415.4'

213. 8'-228. 8' S 3186.r-3201.7'

WELL COMPLETION

Casing: C1 2- Flush Threaded Schedule 40 Filter Pack 211'- 229' BGS (750 lb. bags of
PVC 20-40 fitered Uninin silica sand)

C2 _ Bentonite Seat 75' - 211 ' BGS (40V&50 lb. Bags)

Grout Seat 2 pours: l' pour. 100 gaonswater 6-
Screen: SI 2 Flush Threaded Schedule 40 92.5 bags Portland cement, and '-50 lb. bag

PVC. 0.01 Slot CETCO Super Gel; 2" pour 75-gallons water, 4-
92.5 lb. bags Portland cement and 1/3-50 lb. bag

S2 CETCO Super Gel.

COMMENTS: (13All dates 2003. Hydrated chips from 17-211' BGS with 10 gallons distilled water. On

912. added 13 bags of Bentonite from 1'- 13' BGS and hydrated with 5 gallons of distilled water. q
Centralizers at 51', 101'. 151', and 201' BGS.

I1

tz3

ku
E0
z
0
Co

I

a

0U1-
aZZ

0 ~
C. -
= co
CoOa

-2218
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Well No.: WM-2
Boring No.: B _ _

MONITOR WELL CONSTRUCTION SUMMARY

(Hi'Survey Coordinates: 525770.200 N
928625.728 E

New Mexico State Plane Zone 3001 (NAD83).

Elevation Ground Level:
Top of Casing:
Screened Interval-

3422.14'
3425.25;
3180.32- 3205.32'

/

/

I
I

DRI8LING SUMMARY CONSTRUCTION TIME LOG"1 )
Start Finish

Total Depth: 235.5' Task Date Time Date Tine
Borehole Diameter. 10'Augers 0- 50' BGS Drilling:

6 Air 50' - 235.5' BGS Augers 9118 17:49 9/18 19:35
Air Drill 9/19 08:25 9119 12 45

Casing Stick-up Height 3.11 =
Driller Enviro-Drill, Inc. Geophys Log: 9110 12:00 9/10 19:00

Casing: 9119 15:40 9119 16:20

Rig: CME-75 __ _ __
Bit(s): 6 Cutter Bit 10 Hollow Stem Augers Filter Placement 9119 16:25 9/19 16:35
Drilling Fluid: Air Cementing: 9/19 19:05 9/19 20:32
Protective Casing- 4 x 4' Steel Bentonite Seal 9/19 16.36 9/19 17:02

_ 9/20 11:15 920 11:25

WELL DESIGN AND SPECIFICATIONS WELL DEVELOPMENT

Basis: Geologic Log _ Geophysical Log X
Casing String(s): C = Casing S - Screen

_ Depth - String(s) Elevation
0'- 216.87 C1 3200.32'- 3422.14'

216.82' -231.82' 81 3180.37 - 3205.32'

Casing: C1 2 Flush Threaded Filter Pack 212'- 232' BGS (8-50 lb. bags of
Schedule 40 PVC 20-40 filtered Unimin silica sand)

C2 Bentonite Seal: 75'-212' BGS (41 1/3-50 lb.
Bags)

Grout Seal: 3 pours: 1 pour, 160 gallons of
Screen S1 2- Flush Threaded water, 6-925 lb. Bags Portland cement and 1-50

Schedule 40 PVC, 0.010' Slot lb. bag CETCO Super Gel. 2" pour, 60 gallons of
water. 2-925 lb bags of Portland. and 113-50 lb bag
of CETCO Supergel. 3rd pour; 25 gallons of water.
1-92.5 lb bags of Portland, and 1/8-50 lb bag of
CETCO Supergel.

S2 _

COMMENTS: 4"All dates 2003. Hydrated chips with 10 gallons distilled water from 75' - 217.

M

4)
E
coz
(0

Centralizers at 47. 97', 147. and 197' BGS. On 9/20 added 7 bags of Bentonite chips from 1'- 10' BGS
:212
-216.82

_

1a
0
so

= W

and hydrated with 5 gallons of distilled water.

LOCKWOO GREENEFINLW0070%
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MONITOR WELL CONSTRUCTION SUMM

Well No.: MW-3
Boring No.: B-3

lARY
d Level: 3403.98'Survey Coordinates: 522989.922 N

928883.152 E
New Mexdco State Plane Zone 3001 (NAD83)

Elevation Grounf
Top of Casing:
Screened Interva

I
Ia:

3406.98'
3168.08' - 318&08'-17

75

I -

X'

DRILLING SUMMARY CONSTRUCTION TIME LOG")
Start Finish

Total Depth: 240' Task Date Time Date Time
Borehole Diameter. 10Augers 0- 30' BGS Drilling_

6' Air 30'-240'BGS Auaers 9118 19.14 9118 19:48
Air Drill 9/19 10:45 9119 14:45

Casing Stick-up Height 3a0' _
Driller Total Support Services, Inc.. Geohys Log: 9113 16:00 9/13 17:50

Casing: 9/19 17:15 9/19 17:55

Rig: B-59 _
Bit(s): 6' Rotary Bit. 10 Hollow Stem Augers Filter Placement 9/19 18:00 9/19 18:08
Drilling Fluid: Air Cementing- 9/19 19:15 9/19 19:33
Protective Casing: 4 x4' Steel Bentonite Seat 9/19 18:10 9119 18:42

9/20 08:18 9)20 08:30

WELL DESIGN AND SPECIFICATIONS WELL DEVELOPMENT

Basis: Geologic Log _ Geophysical Log X
Casing String(s): C = Casing S - Screen

Depth Stdng(s) Elevation _
0'- 220.9' C 3183.Or-3403.98'

220.9'-235.9 S 3168.08'- 3183.08'

._ WELL COMPLETION

on

E

;i
0E
z
0Z

Casing C1 2 Flush Threaded Filter Pacic 217.8'-235.8 BGS (7-112 50 lb. bags
Schedule 40 PVC of 20-40 filtered Unimin silica sand)

C2 Bentonite Seat 75- 217.8' OGS (44 S50 lb.
_ ___ Bags) -

Grout Seal: 2 pours: 1" pour; 1r- 75' BGS, 150
Screen: Si Z Flush Threaded gallons water, 8-50 lb. bags Portland cement, and

Schedule 40 PVC. 0.010' Slot 2t3 50-lb. bag CETCO Super Gel. 2- pour. 95
gallons of water, 4-50 lb. bags Portland cement, t
and 113-bag of CETCO SupergeL.

S2 al

COMiMENTS: °"A11dates 2003. Hydraedchips with I 0gallons distilled water(75- 217.8' BGS} On

9n0. added 17 bags of Bentonite chips from 1'- 1 r BGS and hydrated with 5 gallons of distilled water.
Centralizers at 51'. 101'. 151'. and 201' BGS. >s

.0
0

E .
c N
CDO

-217.8
=qqn-a

- 1-235.9
LOcdVOGREENWWI*M307ov
FU31119SWELLNO.MW-3OC
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OEVILKA Mt M rXzAj, L
W1UAI uL rsacs. in MA.

PETTIGREW and ASSOCIATES
1110 It GRU4ES

HOBBS. tilEW4ECO 88240
(O50) 393-9827

23 September, 2003

Cook-Joyce Inc.
812 West Elevneth
Austin, Texas 78701-2000
Facsimile Number 512474-8463

ATlN: Ed Iughes I Doug Granger
RE: Location of monitoring wells and borehole locations within the LES site east of Eunice

New Mexico.

Dear Mr. Granger.

Below I have tabulated the data you Av d for the borehole locations:
I Sorcholeocakxxds I I I
NNoanh Ewsing Elovatiin jDesiption

_22989203 92562Z959 3396.49 QH-1
s22906.403 927284.70 3402.31 BH-2

-22941.909 92887023 3403.38 BH-3
624232.996 925711.777 3400.66 BH-4
524273.953 927281 .455 3408.8548H
624346.448 926685.553 3414.7S3HE-6
625545.02b 925661.407 3415.001-BH-7
525604.689 927274.151 3423291-I
525735S902 928595.512 S421 33 131--9

Additionally here is the d y yu qucsted for the duce monitoring wells:
Monhoting Wefs

Northing ______ ElevaUtion DesOn
525569.741 925710.071 3418.31 MW-i VAULT

.N94t8 3; MW-t CASING
_ 3416.00 MW-I CONC

3415A44MW-t GRND
52s770t 928G2&728 S425.11 W-2 VAUIJT

3 42526 MW-24 CASING
_ 53422$C MW-2 CONGC

3422.t4 MW-2 WID
S22989.922 928883.t5 3406-97 M- YAM.

, 340698 UW-3 CASING
3404.3 MW-3 CONC
3403.98 MW- S GHND

O�LB�2tf� ucu�.twio. EWEmAZS 11W4 ��1s1areruwt�or�wr
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Page 2
RE.: Location of monitoring wells and borehole locations within the LES site east of

Eunice New Mexico.

All observations were made from USC&GS Benchmark 121)D. We used Teal-time
differentially conrected global positioning system observations at each location. Horizontal
and vertical control values (X,Y,Z) at benchmark 12DD were derived from 3 continuously
operaiing reference stations in the area. The above listed coordinates are referenced to New
Mexico State Plane Coordinates Zone 3001 (NAD83), with the vertical referenced to
NAVD(88). The X&Y values have been scaled to ground values.

Sinccrely,
PE&GR13W and ASSOCIATES, PA.

Danicl R. Muth, PS

a PnTIGREW & ASSOCIAMEs
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VI. Introduction

Waste Control Specialists, Inc. (WCS) proposes to permit a Class I hazardous waste
landfill pursuant to 40 CFR Part 270, 31 TAC Chapter 305 (C) and (D) and 31 TAC
Chapter 335. This report, which addresses the geologic aspects of the Resource
Conservation and Recovery Act (RCRA) Part B Permit Application, has two

companion reports which focus on the various engineering and geotechnical

considerations of the Part B Permit Application. These two companion reports,

provided under separate cover, were prepared by AM Environmental, Inc. (AM) of
Austin, Texas (engineering design) and Jack H. Holt and Associates, Inc. (MHA) also of

Austin, Texas (geotechnical evaluation). Where engineering design and/or geotechnical
aspects of the geologic report are addressed by one of the other two reports, this fact is
noted in the geologic report table of contents as well as noted within the geologic report

text.

The proposed WCS landfill site is located in northwest Andrews County, Texas,

approximately 30 miles northwest of the City of Andrews (Figure VI.A.I). This site
rests on a gently sloping plain with a natural slope of approximately 0.5 degrees. The
site is underlain by Quaternary windblown sands, the Tertiary Ogallala Formation, and

the Triassic Dockum Group.

Portions of the Ogallala Formation serve as the regional aquifer for the Southern High

Plains. However, the proposed WCS landfill site is located on the western edge of the

Caprock Escarpment where the Ogallala Formation has been mostly eroded away and
appears to be locally dry.

Regionally, the erosional remnants of the Ogallala Formation are typically cemented
with caliche and produce water only in relatively low topographic areas, following wet

weather periods. However, the vertical downward migration of groundwater from the

Ogallala Formation appears to be locally impeded by many feet of low hydraulic
conductivity claystones, siltstones, and interbedded silty sandstones which comprise the
upper portion of the Dockum Group.

Terra Dynamics Incorporated
VI., I



A summary of the regional and local topography, physiography and geology is

presented in Section VI.A. of this report. Section A.]. contains a discussion regarding
the active geologic processes, including: fault identification; seismicity; surface

lineations; and land surface subsidence. The potential for erosion is discussed in a
separate report provided by AME.

A regional and local physiographic and topographic discussion is provided in Section

A.2. A discussion regarding the regional geology, including surface geology and

stratigraphy, is contained in Section A.3 The regional discussion addresses the

conditions that exist in the area of West Texas and Southeast New Mexico.

Results of the site subsurface soils investigation are presented in Section A.4. The

subsurface structure, stratigraphic complexity, and the general hydrogeologic
framework of the proposed WCS landfill site are discussed in this section. The

subsurface investigation procedures and geotechnical properties of the subsurface soils

are discussed in a separate report provided by JHA.

Section VI.B. of this report provides a detailed discussion of the regional and local

groundwater conditions. This discussion includes a review of regional aquifers

(Section B.1.) as well as a presentation of local groundwater conditions and the
underground sources of drinking water (USDW) (Section B.2.). The detection

monitoring system is discussed in a separate report provided by AME.

Section VI.C. of this report pertains to groundwater monitoring exemption, while

Section VVD. focuses on unsaturated zone monitoring. Records regarding local oil and
gas wells are provided in Appendix A. Soil boring and well completion logs are

provided in Appendix B. Shallow geophysical logs are provided in Appendix C.

Terra Dynamics Incorporated
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VLA. Geology and Topography

A.1. Active Geologic Processes

Active geologic processes consist of faulting, seismicity, surface lineations, land

surface subsidence and the potential for surface erosion. These processes are discussed

in the following section, except the potential for surface erosion. This is discussed in

the companion engineering design report prepared by AME.

A.1.1. Identification of Faults

Regional Tectonic Processes
The proposed WCS landfill site is located within the Permian Basin region of West

Texas. The Permian Basin derives its name from the fact that it is underlain by

extensive deposits of Permnian sediments.

The proposed landfill site is situated over the north central portion of a prominent

structural feature known as the Central Basin Platform (Figure VI.A.2). The Central

Basin Platform is a deep-seated horst-like structure that extends northwest to southeast

from Southeast New Mexico to eastern Pecos County, Texas. The Central Basin

Platform is flanked by two prominent structural depressions known as the Delaware
Basin and the Midland Basin.

From the Cambrian to late Mississippian, West Texas and Southeast New Mexico

experienced only mild structural deformation that produced broad regional arches and

shallow depressions (Wright, 1979). The Central Basin Platform served intermittently

as a slightly positive feature during the early Paleozoic (Galley, 1958). During the

Mississippian and Pennsylvanian, the Central Basin Platfonn uplifted along ancient

lines of weakness Hills, 1985). TIe Delaware, Midland, and Val Verde Basins began

to form out of the previously existing broad limestone shelf and shale basin.

Late Mississippian tectonic events uplifted and folded the platform and were followed

by more intense late Pennsylvanian and early Permian deformation that compressed and

Terra Dynamics Incorporated
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faulted the area (Hills, 1963). Highly deformed local structures formed ranges of
mountains oriented generally parallel to the main axis of the platform (Wright, 1979).
The overall structural configuration of the Permian Basin was essentially completed by
the end of Wolfcampian time (early Pennian) (Stone and Webster, 1983).

This period of intense, late Paleozoic deformation was followed by a long period of
gradual subsidence and erosion that stripped the Central Basin Platform and other
structures to near base-level (Wright, 1979). The expanding sea gradually encroached
over broad eroded surfaces and truncated edges of previously deposited sedimentary
strata. These strata included new layers of arkose, sand, chert pebble conglomerate

and shale deposits, which accumulated as erosional products along the edges and on the
flanks of both regional and local structures. Throughout the remainder of Permian, the
Permian Basin slowly filled with several thousand feet of evaporites, carbonates, and

shales (Stone and Webster, 1983).

From the end of the Permian until late Cretaceous, there was relatively little tectonic
activity except for periods of slight regional uplifting and downwarping (Stone and
Webster, 1983). During the early Triassic, the region was slowly uplifted and slightly
eroded. These conditions continued until the late Triassic, when gentle downwarping
formed a large land-locked basin in which the terrigenous deposits of the Dockum
Group accumulated in alluvial flood plains and as deltaic and lacustrine deposits
(McGowen, et. al., 1979).

The late Cretaceous to early Tertiary marked the beginning of the Laramide Orogeny,
which formed the Cordilleran Range to the west of the Permian Basin. This orogeny

uplifted the region to essentially its present position, supplying sediments for the
Pliocene Ogallala Formation and initiating the present hydrologic regime (Stone and

Webster, 1983). There have been no major tectonic events within the Pennian Basin

since that time, except for a period of minor volcanism during the late Tertiary in
northeastern New Mexico (Stone and Webster, 1983). Slight Tertiary movement along
Precambrian lines of weakness may have opened joint channels which allowed the

circulation of groundwater into Pennian evaporite layers (Hills, 1985). The near-
surface regional structure may be locally modified by differential subsidence related to
groundwater dissolution of Permian salt deposits (Gustavson et. al., 1980).

Terra Dynamics Incorporated
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Regional Faultin2

Two types of faulting were associated with early Permian deformation. Most of the
faults were long, high-angle reverse faults with several hundred feet of vertical
displacement that often involved the Precambrian basement rocks (Hills, 1985). The
traces of these faults are shown on the Precambrian structure map provided in Figure
VI.A.3. The second type of faulting is found along the western margin of the platform
where long strike-slip faults, with displacements of tens of miles, are found

(Harrington, 1963) (Figure VLA.4).

The large structural features of the Perrnian basin are reflected only indirectly in the

Mesozoic and Cenozoic rocks, as there has been virtually no tectonic movement within
the basin since the Permian (Nicholson and Clebsch, 1961). The east-west and north-
south regional cross-sections provided in Figures VI.A.5 and VLA.6 illustrate this
relationship. Figure VI.A.5 reveals the draping of the Permian and Triassic sediments
over the Central Basin Platform structure, located approximately 7,000 feet beneath the
present land surface. The faults that uplifted the platform do not appear to displace the
younger Permian sediments. The northernmost fault on Figure VI.A.6, located at the
Matador Uplift, terminates in lower Wolfcamp sediments.

A further comparison of the structure of the Devonian Woodford Formation (Figure
VL.A.7) to the structure of the younger Upper Guadalupe Whitehorse Group (Permian)
(Figure VI.A.8) indicates that the structure of the younger strata is intimately related to
the older structure. However, structural mapping of the younger strata does not
indicate the upward continuation of this faulting into the overlying, shallow section.

Therefore, the regional information does not indicate the presence of post-Pennian
faulting within the regional study area. In addition, the local information does not

indicate Holocene displacement of faults within 3,000 feet of the proposed WCS
landfill site. This local information is discussed fully in Section A.4.2.

SeismicitR

The Central Basin Platform is an area of moderate, low intensity seismic activity, based

on observational data obtained from the National Geophysical Data Center of the
National Oceanic and Atmospheric Administration (NOAA, 1992). A computer search
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for all recorded seismic activity within a 250 km (155 mile) radius of the proposed
WCS landfill site (32.433N, 103.05W) provided a list of 84 seismic events (152 total,

68 suspected duplicates) during the period from 1931 to 1992 (Table VI.A.1, Figure
VI.A.9). Seismic activity within the regional area has been reported as recently as
1992 (Table VI.A.1). However, all documented seismic events are located at distances
which exceed the required search distance of 3,000 feet from the proposed WCS

landfill site.

The proposed WCS landfill site is located within an earthquake risk area zone of (1),
which represents an area where only minor damage is expected as a result of
earthquake activity (Algermissen, 1969) (Figure Vl.A.10). This is due, in part, to the
relatively low level of tectonic activity occurring within the regional study area. While
data are insufficient to equate any seismic activity with specific tectonic structures or to
indicate the tectonic stress levels and direction, the seismic activity that has occurred

within the region is postulated to be associated with salt dissolution or movement along
faults near oil and gas secondary recovery operations (Davis et. al., 1989). A search of
Texas Railroad Commission (TRC) and New Mexico Oil Conservation Commission
(OCC) records conducted by Geosource, Inc., Austin, Texas, revealed no secondary
recovery operations within a three-mile radius of the proposed WCS landfill site.

Surface Lineations
Surface lineations are straight physiographic features. Surface lineations are typically

identified based on a review of surface geologic maps, surface topography maps,
LANDSAT images and/or high altitude aerial photographs (Finley and Gustavson,
1981). In the Southern High Plains, surface lineations typically fall into a combination
of six categories: 1) linear stream segments; 2) drainage lines along linear valleys; 3)
prominent topographic breaks (scarpi); 4) alignment of playa lakes; 5) geologic

contacts; and 6) anomalous ground surface color tones based on aerial photographic
data. More than 4,600 surface lineations have been identified in the area of the
Southern High Plains, ranging in length from 1.2 miles up to 40 miles (Finley and

Gustavson, 1981).

Surface lineations are often associated with subsurface joint patterns and faults (Finley
and Gustavson, 1981). Fractures form in geologic material along planes of weakness
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where cohesion has been lost (Dennis, 1972). Joints, unlike faults, are defined as
fractures along which movement has been negligible or absent (Dennis, 1972). The
development of joints is an indication of the brittle behavior of rock, and is most
evident ui the Triassic and Pernian sandstones within the area of the Southern High
Plains (Finley and Gustavson, 1981). The poorly consolidated sediments of the
Ogallala Fonnation do not exhibit well-developed jointing patterns. The caliche
caprock material often exhibits an irregular, nearly orthogonal jointing pattern. Since
few surface faults have been recognized and mapped in the Southern High Plains, it is
the jointing of the geologic material that exerts the greatest control over regional

surface lineation patterns (Finley and Gustavson, 1981).

Several mechanisms can account for the relationship between surface lineations and
subsurface jointing. Joints form preferential planes that can be exploited by surficial
and subsurface weathering processes. Consequently, drainage systems in the Southern
High Plains are often classified as surface lineations, since their linear orientation is
controlled by the joint systems that they exploit (Finley and Gustavson, 1981). In
addition, joints can be propagated upward into geologically younger sediments, by the
differential compaction and dissolution of underlying materials (Stone and Webster,
1983; Finley and Gustavson, 1981).

In the Southern High Plains, the orientation of subsurface joints and their associated
surface lineations is controlled primarily by historical tectonic and structural trends
(Finley and Gustavson, 1981). As shown in Figure VI.A.11, the dominant direction of

orientation for surface lineations in the Southern High Plains is northwest to southeast,
with a secondary orientation direction of northeast to southwest. Figure VI.A.11
shows a surface lineation with a northwest-southeast alignment in the approximate
vicinity of Monument Draw. This feature is located in northern Andrews County about
14 miles from the proposed WCS landfill site. This is the closest lineament to the

proposed landfill site observed by Finley and Gustavson (1981). Their data do not
indicate the presence of surface lineations at the site.

Surface lineations were identified in the vicinity of the proposed WCS landfill site,
based on an analysis of NASA color-infrared aerial photographs (Figure VI.A.12).
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These lineations, including one that is inferred through the proposed WCS landfill site,
correspond to linear drainage features and ground surface color tone anomalies.

The lineation inferred through the proposed WCS landfill site appears as an anomaly in
the ground surface color tone on a NASA color-infrared aerial photograph (Figure
VI.A.12). This anomaly may be caused by shadows, changes in soil moisture and
vegetation etc. (Finley and Gustavson, 1981) and appears to be linked to relatively
abrupt topographic variations.

A.1.2. Land Surface Subsidence

Land surface subsidence can be induced by fluid withdrawal or can be naturally

occurring. Most commonly, fluid withdrawal is associated with groundwater pumpage
and oil and gas production activities.

Subsidence Associated with Fluid Withdrawal

The water-bearing zones of the Ogallala Aquifer consist of poorly consolidated to
unconsolidated sands and gravels at a depth greater than 300 feet below the ground
surface (Knowles et. al., 1984). The aquifer is typically under water table conditions.
Despite the potential withdrawal of groundwater in the general vicinity of the proposed
WCS landfill site, pressure declines associated with groundwater pumpage are probably
insufficient to induce significant subsidence.

Oil production is occurring in the area from consolidated sediments at depths greater
than 3,000 feet. Therefore, no subsidence is expected to occur from the withdrawal of

brine or oil and gas. No evidence of subsidence related to fluid withdrawal was found
in the reviewed literature (Section VI.E.).

Naturally Occurrinz Subsidence
Subsidence can also be naturally occurring and result from sediment compaction and/or
subsurface dissolution of soluble strata. As discussed previously, joint/lineament
systems can be associated with sediment compaction and dissolution (Finley and
Gustavson, 1981).
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A zone of active salt dissolution and subsidence has been noted by Gustavson et. al.
(1980, 1981) in Perrnian strata of the Northern Texas Panhandle. Collapse features arc

evidence of such subsidence. However, no salt dissolution collapse features are noted
within the study area based on a search of the available literature. Shallow depressions

are noted in the study area. However, these depressions can be attributed to eolian

deflation, caliche caprock solution and compaction, animal activity, and differential

compaction (Collins, 1990).

A.1.3. Potential for Erosion

The potential for erosion is discussed in the companion engineering design report

provided by AME.

A.2. Physiography and Topography

A.2.1. Physiographic Setting and Climate

Phvsiographic Settin!

Ile proposed WCS landfill site is located in West Texas, which lies within the
southern portion of the North American Great Plains Physiographic Province (Stone

and Webster, 1983). The site is situated in northwest Andrews County, Texas on the
southwestern edge of the Southern High Plains (Llano Estacado) (Figure VI.A. 13).

The Llano Estacado is an elevated area of low relief undulating plains encompassing a
large area of West Texas and Eastern New Mexico. It is bounded by the Western

Caprock Escarpment along the Pecos River Valley to the west and the Eastern Caprock

Escarpment developed by the headward tributaries of the Colorado, Brazos, and Red

Rivers to the east (Stone and Webster, 1983) (Figure VI.A.13). The Basin and Range

Physiographic Province lies to the west of the Southern High Plains. The Rolling

Plains Physiographic Province lies to the east and the Edwards Plateau lies to the south
of the Southern High Plains. Cities on the approximate boundary of the LIano

Estacado include Amarillo, Texas to the north, Big Spring, Texas to the east,
Midland/Odessa, Texas to the south, and Roswell, New Mexico to the west.
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Climate
The proposed WCS landfill site lies within an area of temperate, arid climate. The
average annual precipitation is approximately 14.5 inches (Figure VI.A. 14), with more
than 70 percent of the precipitation occurring between early May and late October
(TNRIS, 1992). The mean annual maximum temperature is 77.40 F and the mean
annual minimum temperature is 49.40 F- The maximum average daily temperature of
95.50 F occurs in July and the minimum average daily temperature of 29.5 0F occurs in
January. The average annual wind speed is 10.4 miles per hour with the prevailing

direction being southwesterly in the winter and south to southeasterly in the summer.
The average free water evaporation exceeds precipitation by about 58 inches per year

(Conner ct. al. + 1974).

A.2.2. Topographic Features, Soil and Land Use

Regional TopoMraphy
The proposed WCS landfill site is located on a gently sloping plain. The regional slope
is toward the southeast at 8 to 10 feet per mile (Reeves, 1966), with the local slope
oriented toward the southwest at 25 feet per mile (Plate VI.A.1). Regional topographic
features include the Pecos River Plain to the south and west, the Mescalero Ridge to
the northwest, Monument Draw and Rattlesnake Ridge to the west, and the Llano
Estacado to the north and east (Nicholson and Clebsch, 1961) (Figure VI.A.13 and
Plate VI.A.2).

The Southern High Plains can be characterized by relatively flat topography, cut by
regional surface drainage features and punctuated by playa lakes (Stone and Webster,
1983). Drainage is not well defined and consists of ephemeral streams that channel

runoff into the playas.

The Mescalero Ridge defines the western edge of the Ulano Estacado. It is a nearly

perpendicular cliff, facing west to southwest. The ridge has a relief of nearly 150 feet
in western Lea County, New Mexico, but displays very little relief in eastern Lea
County or western Andrews County due to a heavy cover of dune sand. The south to
southeast sloping Pecos River Plain, to the west, is covered with dune sand resulting in
a low-relief undulating topography.
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The only major regional drainage feature is Monument Draw, which is located to the
southwest of the site, in Lea County, New Mexico (Plate VI-A.2). Monument Draw
runs between the proposed WCS landfill site and Eunice, New Mexico. The draw
begins with a southeasterly course to a point north of Eunice where it turns south and
becomes a well defined cut approximately 30 feet in depth and 1,800 to 2,000 feet in
width. The draw does not have through-going drainage and is partially filled with dune
sand and alluvium (note: a second Monument Draw is shown on Plate VI.A.2 in
northern Andrews County; this draw is a separate feature not to be confused with the
draw in Lea County, New Mexico). East of Monument Draw is a north-south trending
topographic high known locally as Rattlesnake Ridge. This poorly defined ridge
parallels the Texas - New Mexico State line and crests about 125 feet higher than

Monument Draw (Nicholson and Clebsch, 1961).

Large-Scale Local Topography Within the Boundary of the Proposed Landfill Site
The ground surface elevation within the boundary of the proposed WCS landfill site
ranges from a high of 3,487.56 feet relative to mean sea level (MSL) in the extreme
north central section to a low of 3,422.74 feet MSL in the southwest comer over a
linear distance of approximately 4,600 feet (Plate VI.A.3). A relatively abrupt

topographic slope break occurs along the central portion of the proposed WCS landfill
site, south of a line from surveyed grid locations 10-F, 8-F, 6-D, 4-D and 2-D.

Smatl-Scale Local Topoqraphv Within the Boundary of the Proposed Landfill Site
Small-scale topographic features within the boundary of the proposed WCS landfill site
include two highs, five closed depressions (locally referred to as 'buffalo wallows")

and a subtle surface water drainage feature (Plate Vl.A.3).

A total of three of the local topographic depressions are located in close proximity to
each along the southwestern margin of the proposed WCS landfill cell (Plate VI.A.3).
The largest of these depressions (located at grid location 8-E) is about 400 feet by 300
feet with approximately one to two feet of vertical relief. The next largest of the three
depressions (located near grid location 8-F) is nearly circular with a diameter of 300
feet and approximately three to four feet of vertical relief. The smallest of the three
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depressions (located between grid location 7-D and 7-E) is about 300 feet by 200 feet
in size with approximately one to two feet of vertical relief.

A subtle surface water drainage feature is headed in the area immediately to the west of
the three topographic depressions discussed above. This drainage feature accounts for
approximately 12 feet of topographic incising over a run of approximately 500 feet.
Field observations of this surface water feature indicate channel flow in the upper
reach, with a rapid transition to sheet flow at its terminal end to the south.

A fourth topographic depression is located near grid location 2-D, along the eastern
boundary of the proposed WCS landfill cell. This depression has dimensions of 200
feet by 100 feet and approximately four feet of topographic relief.

A fifth topographic depression is located near grid location 10-A, along the northwest
comer of the proposed WCS landfill site. This depression has dimensions of around
125 feet by 200 feet and approximately one to two feet of topographic relief.

Local topographic highs are located along the southwest margin of the proposed WCS
landfill cell. The largest high (located between grid 10-E and 10-F) is crescent-shaped
with the long axis measuring approximately 600 feet and the short axis measuring about
300 feet. This topographic high has a vertical relief of one to two feet. The other
topographic high (located between grid 8-E and 9-E) measures about 100 feet by 200
feet with less than two feet of vertical relief.

Local Topography Outside the Boundary of the Proposed Landfill Site
Local topographic features outside the boundary of the proposed WCS landfill site
include three depressions to the west, a spring to the west and three highs to the north
(Plate VI.A.3). Baker Spring is located 1,925 feet west and 360 feet south of the
northwest corner of the proposed WCS landfill site, in Lea County, New Mexico. The
water surface elevation at Baker Spring was surveyed at 3,440.82 feet MSL on
February 2, 1993. Reports by local residents indicate that this spring is no longer
active, and that the loss of spring activity may be linked to blasting activities at a
nearby rock quarry (Vance, 1993). Site observations suggest that the historical source
of Baker Spring may be attributed to seasonal seepage from the base of a surface
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outcropping of Ogallala Formation sediments. Field observations regarding the
topography surrounding Baker Spring indicate evidence of historical quarrying activity.

Area Soils
The soils at the proposed WCS landfill site consist of dune sand mixed with organic
material overlying weakly to strongly cemented caliche (Conner et. al., 1974; Turner
et. al, 1974). The top soil depth ranges from 2 to 24 inches. The shallow caliche
consists primarily of cemented dune sand and cemented Ogallala Formation sediments.

Area Land Use

The proposed WCS landfill site is located on land owned by the Flying 'W" Diamond
Ranch. This property, and the property immediately surrounding the proposed WCS
landfill site is presently used as rangeland for cattle, requiring approximately 60 acres
to sustain each head (Vance, 1993)

Other uses of land within the vicinity of the proposed WCS landfill site include: drill
sites for oil and gas wells (a producing oil well is located near the southwest comer of
the property); quarrying operations; and the surface recovery of oil field wastes.
Surface quarrying of sand and gravel is conducted approximately one mile to the west
of the proposed WCS landfill site, in New Mexico. The oil field waste recovery
facility is adjacent to this rock quarry.

A.3. Regional Geology

A.3.1 Regional Surface Sediments

The geologic formations that outcrop within the region range from Quaternary through
Triassic in age and include: Quaternary Alluvium (Holocene), Windblown cover sand
(Pleistocene), and the Tahoka Formation (Pleistocene); the Tertiary Ogallala Formation
(Pliocene); the Cretaceous Fort Terrett Fornation; and the Triassic Dockum Group
(Chinle Formation). The Hobbs Sheet of the Geologic Atlas of Texas showing the area
surrounding the proposed WCS landfill site is provided on Plate VLA.2.
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Alluvium, Windblown Cover Sand, and Tahoka Formation
Floodplain deposits of fluvial origin outcrop at the surface to the west and southwest of

the proposed WCS landfill site. These sediments are Holocene and possibly

Pleistocene in age and were deposited along the course of Monument Draw in New

Mexico (Plate VI.A.2).

Windblown cover sand of Pleistocene age is found immediately north of the proposed

WCS landfill site, to the cast along Highway 176, and at numerous other locations in

Andrews, Gaines and other counties in Texas shown on Plate Vl.A.2. This windblown
cover sand ranges up to 10 feet in thickness and is calcareous, grayish red, fine to

medium-grained quartz with silt and caliche nodules common (Barnes, 1976).

The Tahoka Formation is of Pleistocene age and consists of lacustrine clay, silt, sand,

and gravel (Barnes, 1976). The clay and silt is sandy, indistinctly bedded to massive,

and consists of various shades of light gray and bluish gray. The sand is gray, fine to

coarse-grained quartz, friable, and grades to gravel at the margins of the deposits.
These sediments occur approximately four miles cast of the proposed WCS landfill site,

near a topographic depression located north of Highway 176. The Tahoka Formation

also outcrops at Whalen Lake and Shafter Lake in Andrews County, at San Simon Sink

in New Mexi, and at a Ie-hw 6ter- lbc-a-s-as''soWini o'fiie Plate VI.A.2.

OLfalala Formation

The Pliocene Ogallala Formation consists of fluviatile sand, silt, clay, and gravel

capped by caliche (Barnes, 1976). The sand deposits of the Ogallala Formation consist

of fine to medium-grained quartz grains, which are silty and calcareous. Bed forms

range from indistinctly bedded to massive, crossbedded, unconsolidated to weakly

cohesive with local quartzite lenses. The sand intervals of the Ogallala Formation

occur in various shades of gray and red.

Ogallala Formation silt and clay deposits are reddish brown, dusky red, and pink and

contain caliche nodules. Gravels occur as basal conglomerates in intra-formational

channel deposits, and consist primarily of quartz, quartzite, sandstone, limestone,

chert, igneous rock, and metamorphic rock. The capping caliche is hard, sandy,

pisolitic at the top, and produces caprock along Mescalero Ridge. Development of the
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local caliche horizon probably occurred relatively recently, after the deposition of the

Pliocene OgaUala Formation.

Within the southern region of the Llano Estacado, the Ogallala Formation lies
unconformably above either Triassic or Cretaceous rocks, and occurs as an apron of

coalescing alluvial fan lobes which extend eastward from the Rocky Mountains. This
alluvial outwash plain was dominated by braided streams. and extends from South

Dakota to the Texas Panhandle (Seni, 1980).

The headward erosion of the major rivers, such as the Pecos River in New Mexico and

the Canadian, Colorado, and Brazos Rivers in Texas, and their various tributaries has
regionally modified the surface expression of the Ogallala Formation (Figure VI.A.13).
Consequently, portions of the Ogallala Formation have been erosionally removed,

exposing deeper, older stratigraphic units. In addition, winds and streams have locally
eroded the Ogallala Fonnation, exposing Cretaceous rocks around some saline lakes in
the southern part of the Southern High Plains (Plate VI.A.2). The Ogallala Formation,

in the regional area shown on Plate VI.A.2, ranges from 0 to 100 feet in thickness
(Barnes, 1976).

Fort Terrett Formation
A very isolated occurrence of the Fort Terrett Formation is exposed in a rock quarry
approximately one mile west of the proposed WCS landfill site (Plate VIA.2). This

formation consists of limestone and shale deposited in a marine environment. Fort

Terrett limestones are light gray to grayish yellow in color and are mostly fine grained,

argillaceous, thin to thick bedded and massive. The shales are calcareous and thinly
laminated and occur in shades of dusky yellow, yellowish gray, light olive-gray, and
dark gray (Barnes, 1976).

The possibility exists that the Fort Terrett Formation sediments mapped at the rock

quarry east of the proposed WCS landfill site (Plate VI.A.2) may actually be caliche.

This is based on the fact that no Fort Terrett Formation sediments were observed

(during on-site field activities) at an outcrop at Baker Spring, which is immediately east
of the quarry. An exposure of highly cemented, concretionary and pisolitic caliche was

observed at Baker Spring, which could be confused as a Cretaceous marine limestone.
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However, the silt, sand and gravel content of the limestone material at Baker Spring
indicates that it is caliche, and it is suggested that this caliche material may be the same
material that was mapped by Barnes (1976) as the Fort Terrett Formation at the
adjacent rock quarry.

Dockum Group - Chinle Formation

The Chinle Formation is the uppermost unit of the Triassic Dockum Group in eastern
New Mexico and western Texas (Nicholson and Clebsch, 1961). The Chinle
Formation consists of red and greenish micaceous claystone, thinly interbedded with
fine-grained sandstone (Barnes, 1976). The Chinle Formation is exposed in a rock
quarry in New Mexico approximately one mile west of the site (Plate VL.A.2).

In Texas, the Dockum Group consists of shale, sandstone, siltstone, limestone, and
gravel. These shale sediments are typically inicaceous, thinly bedded, and variegated.
The Dockum Group lies immediately beneath the Ogallala Formation at the proposed
WCS landfill site and ranges up to 1,400 feet in thickness within the region.

A.3.2 Regional Stratigraphy

Groundwater resources are commonly referred to as underground sources of drinking
water (USDWs). The base of the Dockum Group (Santa Rosa Formation) is
considered to be the base of the lowermost aquifer capable of providing usable
groundwater to the land surface in the regional study area (Nicholson and Clebsch,
1961). This formation lies unconformably on top of the Permian Dewey Lake
Formation; with the base of the Dockum Group at a depth of approximately 1,400 feet
beneath the proposed WCS landfill site.

The deeper formations of Permian age were deposited in a restricted-marine
environment and thus contain salt deposits which make the groundwater produced from
them too brackish for use. The stratigraphic column for the CentralBasin Platform
area is shown in Figure VI.A.15. Included on the column are all stratigraphic units
from the Precambrian to Recent time. However, for the purpose of this regional
discussion, only the Permian Ochoan units through the Recent units will be reviewed.
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To better understand how the local geology relates to the regional stratigraphy,
information was obtained from oil and gas operations in Andrews County, Texas and
Lea County, New Mexico. A search of the oil and gas well records within a one-mile

radius of the proposed WCS landfill site was conducted by Geosource, Inc., Austin,
Texas, in November 1992.

Geosource, Inc. utilized public and private sources of data to identify producing and
abandoned oil and gas wells or well tests located in the area. Table V1.A.2 lists the

sources of information reviewed and briefly describes the information which can be

obtained from each source. There are 12 operating or plugged wells located within a
one-mile radius of the site. A map showing the location of oil and gas artificial

penetrations within the area is included as Figure VI.A.16. A tabulation of the oil and
gas wells is included as Table VI.A.3. Records of these wells are provided in

Appendix A.

A detailed analysis of the regional and local subsurface stratigraphy was conducted
based on a review of the drilling records and/or electric, nuclear, and lithologic logs

from 17 individual locations. The data set consists of all available log data for the area

on file with Petroleum Information (PI) within the boundaries of Figure VI.A17. A
total of two regional stratigraphic cross-sections were constructed using these data and
are shown as Plates' VI.A.4 and VI.A.5. These cross-sections depict the major
stratigraphic units that occur within 2,000 feet below ground level (BGL) in the vicinity

of the site. Review of these cross-sections does not indicate the presence of local

faulting. The locations of the cross-sections are shown in Figure VLA.17. The

individual well logs used to prepare the cross-sections have been named and numbered

for cross-referencing purposes.

Permian Units

The Permian sediments consist of the Wolfcamp, Leonard, Guadalupe, and Ochoa

Series (Figure VI.A.15). The Ochoan sediments are important to this discussion

because they are immediately below the USDW. In addition, the Ochoan stratigraphy
provides information pertaining to the deeper structure beneath the site.
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The Ochoa Series section represents the top of the Permian strata, and in the Central

Basin Platform area consists primarily of the: Salado Formation; the Rustier

Formation; and the Dewey Lake Formation (WTGS, 1976). The Salado Formation,

which rests unconformably on the TansilW Formation, consists of a thick, regionally

extensive evaporite unit composed dominantly of salt and lesser amounts of anhydrite

and minor amounts of mudstone (McGillis and Presley, 1981). The Salado Formnation

ranges in thickness from approximately 750 feet in the area of the Central Basin

Platform to over 2,000 feet in the Delaware Basin.

The Rustler Fornation consists of a maximum of 375 feet of dolomite and anhydrite

with an irregular basal zone of red sand, conglomerate, and variegated shale (Jones,

1953). The Rustler Formation represents the youngest anhydrite in the Permian Basin.

The Dewey Lake Formation lies conformably on the Rustler Formation and consists

mainly of fine-grained red sandstone and siltstone with some anhydrite, but no salt. It
ranges in thickness from 250 to 300 feet in Andrews County (WTGS, 1961). Although

there is an unconformity found at the top of the Dewey Lake Formation, which
separates it from Triassic deposits, in many places the nature of this contact is not clear

(Stone and Webster, 1983). The Ochoan units have a combined thickness of over

3,000 feet and indicate a similar structural trend as the lower Permian units.

A portion of the Ochoan stratigraphic sequence (i.e., Salado Formation, Rustler

Formation, and Dewey Lake Formation) is shown on Cross-sections A-A' and B-B'

(Plates VI.A.4 and VI.A.5). The upper contact of the Salado Formation, in the area of

the proposed WCS landfill site, is at a depth of approximately 1,595 feet BGL at
location #13 and 1,828 feet BGL at location #15.

The Rustler Formation top occurs at a depth of approximately 1,356 feet BGL at

location #13 and 1,615 feet BGL at location #15. The total thickness of the Rustler

Formation ranges from 210 feet at location #4 to 237 feet thick at location #12.

Tle erosional surface of the Dewey Lake Formation slopes regionally to the southeast

(Nativ, 1988). Tle upper contact of the Dewey ILake Formation in the area of the
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proposed WCS landfill site is at a depth of approximately 1,217 feet BGL at location

#13 and 1,382 feet BGL at location #9.

Triassic Units
The Triassic Dockum Group disconformably overlies the Permian stratigraphic
sequence within the regional study area (Figure VI.A.15). The Dockum Group is
comprised of a series of fluvial and lacustrine mudsione, siltstone, sandstone, and silty
dolomite deposits (McGowen et. al., 1979) which range up to approximately 1,400 feet
thick in the area of the Central Basin Platform. These sediments accumulated in a
variety of continental depositional settings, including braided and meandering streams,

alluvial fan deltas, lacustrine deltas, lacustrine systems, and mud flats (McGowen et.
al., 1979).

Figure VLA.18 shows the inferred paleogeographic setting that existed during the
deposition of the Dockum Group. The terigenous clastics deposited in the Permian
Basin area were mainly derived from older sedimentary rocks that accumulated in
Texas and New Mexico. The maximum preserved thickness of Triassic rocks (2,000
feet) occurs in the Midland Basin (Nativ, 1988).

The Tecovas Formation represents the lowermost lithologic cycle of the Triassic
System. It consists primarily of claystone and siltstone. However, the Tecovas
Formation is absent throughout portions of the Central Basin Platform.

The Trujillo Formation (i.e., Santa Rosa Formation of New Mexico) represents the
middle lithologic cycle of Dockuum Group deposition. The Trujijlo (Santa Rosa)

Formation is characterized by a sandy lower interval that becomes increasingly muddy

in the upper section. The upper lithologic cycle of the Triassic System, or Chinle
Formation, exhibits similar overall upward fining, except in the area of the
northwestern Midland Basin, where sand from an eastern source was deposited during

the upper Triassic cycle (McGowen et. al., 1979). Figure VI.A.19 presents an isopach
(i.e., thickness) map of the upper Dockum Group.

The stratigraphic sequence of the Triassic Dockum Group (i.e., Santa Rosa Formation
and Chinle Formation) is shown on Cross-sections A-A' and B-B' (Plates VI.A.4 and
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Vl.A.5). The upper contact of the Santa Rosa Formation in the area of the proposed
WCS landfill site is at a depth of approximately 965 feet BGL at location #13 and
1,202 feet BGL at location #14. The geophysical log characteristic shows the Santa
Rosa Formation to be a massive sandstone bpdy. The total thickness of the Santa Rosa
ranges from 230 feet at locations #15 and #17 to 305 feet thick at location #12.

The upper Dockum Group (Chinle Formation) top occurs at a depth of approximately
48 feet BGL at location #9 (immediately south of the proposed landfill site) and 93 feet
BGL at location #14. The total thickness of the upper Dockum Group ranges from 955
feet at location #13 to 1,125 feet thick at location #4. The cross-sections show the
fluvial nature of the upper Dockum Group with interbedded sandstone, siltstone, and
clay lenses. The erosional surface of the Triassic Dockum Group is also quite evident.
The Dockum Group is overlain in some areas of the Southern High Plains by

Cretaceous rocks and in other areas by the Ogallala Formation.

Cretaceous Units
The Jurassic stratigraphic sequence is not found in the Permian Basin (Figure
VI.A. 15). Therefore, the Cretaceous (Comanchean Series) sediments rest
disconformably upon the Triassic Dockum Group. These sediments are found in
southeast-dipping isolated erosional remnants (Figure VI.A.20) as much as 100 feet
thick (Cronin and Wells, 1963). Note that the subcrop map shows that Cretaceous
rocks have been eroded away beneath the proposed WCS landfill site. Therefore,
while Cretaceous rocks are found in the region, no Cretaceous units are shown on the

accompanying stratigraphic cross-sections (Plates V1.A.4 and VI.A.5).

Cretaceous rocks were deposited in an epineritic and littoral environment on a slowly
subsiding shelf (Nativ, 1988). The base of the Cretaceous System in the Southern High
Plains is composed of basal sands of the Trinity Group. These light gray to reddish
gray sediments consist of nearly pure quartz sands with scattered lenses of gravel
(Stone and Webster, 1983). They are poorly consolidated and form a blanket-like
deposit that is 10 to 25 feet thick in the southeastern High Plains area.

The sediments of the Fredericksburg Group rest unconformably on top of the Trinity
Group deposits and consist predominately of calcareous rocks. These strata consist of
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light-gray argillaceous limestone interbedded with shale at the base, becoming more
massive marly limestone near the middle and grading into interbedded dolomite, shale,

and sandstone at the top (Stone and Webster, 1983).

Tertiary Units
Within the regional study area, the Ogallala Formation (Pliocene) rests disconformably
upon either the Triassic Dockuum Group or the Cretaceous sediments. Figure VI.A.21
presents the structure of the base of the Ogallala Formation, which corresponds to the
erosional surface of the underlying Cretaceous and Triassic units. The Ogallala
Formation contains both coarse fluvial conglomerate and sandstone and fine-grained

eolian siltstone and clay (Nativ, 1988).

Seni (1980) believed that the depositional environment of the Ogallala Formation and
the overlying Quaternary deposits produced a series of overlapping, humid-type alluvial
fans. Three fan lobes were identified (Figure VI.A.22) whose grain size varies as a
function of the distance from the major channel system. After further investigation, it
was noted that the grain size of the Ogallala Formation clastics is controlled by the
topography of the underlying mid-Tertiary erosional surface (Gustavson and Winkler,

1988). Coarse fluvial clastics were deposited in paleovalleys, while finer eolian
sediments covered upland areas (Nativ, 1988). Bolian clastics also overlie the fluvial
sediments in the paleovalleys as sand and silt sheets. The Ogallala Formation typically

ranges from 0 to 200 feet thick in the south portion of the Southern High Plains. The
thickness of the Ogallala Formation reflects the underlying paleotopography.

A resistant calcite layer called the caprock caliche lies at or near the top of the Ogallala

Formation (Nativ, 1988). Caliche develops as an authigenic accumulation of calcium

carbonate that results from soil-forming processes, precipitation from groundwater, or
some combination of both (Stone, 1985). The processes governing the development of
caliche are discussed fully in Section A.4.3.

The Ogallala Formation and Docklum Group ire easily discernible on electric logs from

nearby oil and gas wells and are shown on Plates VI.A.4 and VI.A.5. Because the top
of the Dockum Group is an erosional surface, the elevation of the contact between these
two formations varies significantly over relatively short distances. The thickness of the
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Ogallala Formation in the area shown by the cross-sections ranges from 48 feet at
location #9 (immediately south of the proposed landfill site) to 93 feet at location #14
(approximately three miles north of the site). This thickness determination assumes
that all material overlying the Dockurn Group consists of Ogallala Formation
sediments. This is based on geophysical log signature, and includes some amount of
surficial deposits and caliche cemented surficial deposits.

A.4. Site Subsurface Soils Investigation

A.4.1. Investigation Procedures

Site operations were conducted from November, 1992 through February, 1993. These
operations included: the drilling of continuous cores and soil borings; geophysical
logging; and the installation of piezometers and monitoring wells. All soil borings
were described using the Unified Soil Classification System (USCS). A summary of
soil boring, well completion and selected geologic data is provided in Table VI.A.4.
Soil boring and well completion logs are provided in Appendix B. Geophysical logs
are provided in Appendix C. A detailed discussion of the site subsurface investigation
procedures is provided in the companion geotechnical report provided by MHA.

AA.2. Subsurface Structure

A discussion of the regional subsurface structure is provided in Section A. 1 and A.3.
This analysis of faulting, seismicity and the overall regional subsurface structure is
based on a review of the available published literature, and is based on the construction
of two deep geologic cross-sections (Plate VI.A.4 and V.I.A.5). These two cross-
sections were developed from available oil and gas industry data.

The site subsurface structural analysis is based on data resulting from the site
investigation: 55 continuous cores; eight geophysical logs; and four shallow
exploration borings (Table VI.A.4). The structural interpretation derived from this
information is summarized in ten shallow geologic cross-sections A-A' through J-P. A
cross-section location map is provided as Figure VI.A.23. The 10 shallow cross-
sections are provided as Figure VI.A.24 through VI.A.33. A structure map on top of
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the Dockum Group is provided as Figure VI.A.34. In addition, two orthographic
projections of the Dockum Group surface are provided as Figure VI.A.35 and

VI.A.36, and a depth to the top of the Dockum Group map is provided as Figure
VI A.37.

The regional subsurface structural data indicates no evidence of post-Permian faulting
or warping within the local study area. The site subsurface data supports this regional
analysis. The local geologic cross-sections (Figure VL.A.24 through VI.A.33) indicate
horizontally configured intervals of primarily silty claystone, siltstone and sandstone
within the shallow Dockum Group (Chinle Formation) sediments. While individual
lithologic intervals range from isolated to laterally extensive, the local depositional

framework within the Dockum Group indicates no evidence of faulting or warping.

Paleotopographic Surface of the Dockum Group
The buried surface of the local Dockum Group indicates a paleotopographic expression,
which is consistent with published information (Reeves, 1966; McGowen et. al., 1979;
Dutton and Simpkins, 1986). As shown in Figures VI.A.34, VI.A.35 and VI.A.36, an
apparent ridge runs in a roughly northwestlsoutheast direction through the middle of
the local study area. The 1D" survey line, or local cross-section G-G' (Figure
VI.A.30) runs along the approximate axis of this structural feature.

This ridge has the general appearance of a eastlsoutheast plunging anticline when
viewed from above (Figure VI.A.34). However, local cross-sections A-A', B-B', C-

C' and D-D' (Figure VI.A.24, VI.A.25, VI.A.26 and VI.A.27, respectively), which
cut profile views across this apparent structural ridge, do not indicate a similar

anticlinal warping of the underlying stratigraphic intervals. Rather, these cross-sections
indicate a generally horizontal configuration of shallow Dockum Group sediments.

The Dock-um Group sediments are locally overlain by nine to 54 feet of top soil,
windblown silt and sand, caliche, and the gravel, sand, silt and clay deposits of the
Pliocene Ogallala Formation. A disconformable contact exists between the underlying
Dockum Group and the overlying Ogallala Formation (Gawloski, 1983). The
depositional record of most of the Tertiary System (Miocene through Paleocene), as

well as the entire Cretaceous and Jurassic Systems, is not present in the local study
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area. This represents a missing time-rock interval of approximately 169 million years.
Erosion of this time-rock interval, including a portion of the Triassic Dockum Group,
occurred prior to the deposition of Ogallala Formation sediments (Gawloski, 1983;
McGowen et. al., 1979; Dutton and Simpkins, 1986). It is this erosional activity,
combined with some amount of scouring associated with the transportation of Ogallala
Formation sediments which has locally shaped the surface of the Dockum Group,
giving it the paleotopographic appearance indicated in Figures VI.A.34, VI.A.35 and
VLA.36.

General Relationship Between Local Surface Topography and Dockum Structure
The local surface topography is partially dependant on the structure of the underlying
Dockum Group. The surface of the Dockum Group slopes rapidly to the south and
north, off of the axis of the Dockum Group ridge (Figure VI.A.34). The local ground
surface topography slopes rapidly to the south off of the axis of the underlying Dockum
Group ridge and flattens along the southern margin of the study area (Plate VI.A.3).
This is in strong similarity to the underlying Dockurn Group structure. However, the
ground surface topography continues to gently climb toward the north of the underlying
Dockum Group ridge, despite the fact that the Dockurn Group structure drops off
toward the north.

The thickness of sediment overlying the Dockum Group is related to Dockum Group
structure and ground surface topography. The difference between ground surface
elevation and underlying Dockum Group structure elevation can be expressed in the
form of the depth (below ground level) to the top of the Dockum Group, which is
referred to here as overburden thickness. As shown in Figure VI.A.37, the overburden
sequence within the local study area is thinnest along an arcuate band extending
approximately from location 9-H to location I-E. A comparison of the oveiburden
thickness trend (Figure VI.A.37) to the Dockum Group structure (Figure VI.A.34) and
local topography (Plate VI.A.3) shows that this band of thinnest overburden
corresponds to the area where the local topography rapidly drops-off, in effect coming
closest to reaching the surface of the underlying Dockum Group. However, south of
this band of thinnest overburden, the ground surface topography flattens-out to a slope
of approximately 0.5 degrees, while the underlying Dockum Group structure continues
to drop-off toward the south at a slope of approximately three degrees (six times greater
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than topography). As a result, the overburden thickness increases along the southern

portion of the study area.

To the north of the band of thinnest overburden, the topography rises at a gentle rate
while the structure of the underlying Dockum Group begins to drop-off on the northern
flank of the local Dockum Group ridge. Consequently, the overburden thickness

increases in the northern portion of the local study area.

Small-Scale Dockum Group Structural Features and Buffalo Wallow Development

Localized drainage depressions such as playa lakes and buffalo wallows characterize
much of the topographic surface of the High Plains, and are attributed to a variety of
causes, including: differential compaction; eolian deflation; the transportation of
sediment by animal activity (thus the name buffalo wallow); the dissolution and
subsidence of the underlying caliche cap; as well as the dissolution and subsidence of
underlying Cretaceous limestone and Permian evaporite sediments (Nicholson and
Clebsch, 1961; Reeves, 1966; Gustavson and Finley, 1985; Collins, 1990). Within the
local study area, a relationship may exist between the formation of buffalo wallows and
the existence of underlying structural depressions in the surface of the Dockum Group.

Small-scale features are apparent on the surface of the local Dockum Group. Figures
VI.A.34, VI.A.35 and VI.A.36 show that the Dockum Group ridge, which extends

through the center of the local study area, is pock-marked with low-relief (i.e.,
approximately four to nine feet deep) structural depressions. One such depression was

explored by a series of four shallow borings (less than 31 feet deep) and one deeper
continuous core (depth of 100 feet ) near location 2-D. At this location, a bowl shaped
structural depression in the surface of the Dockum Group corresponds to an overlying

topographic depression, locally referred to as a buffalo wallow.

Both the depression in the surface of the Dockum Group, and the overlying buffalo
wallow, have a relief of approximately four feet. However, cross-section D-D' (Figure

VI.A.27), which passes beneath this topographic depression, does not indicate a similar

down-warping of sedimentary intervals beneath the depression. Instead, cross-section

D-D' indicates horizontally configured stratigraphic intervals beneath location 2-D.
Therefore, it is unlikely that the structural depression beneath 2-D is due to the
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dissolution and slumping of underlying Dockum Group or deeper Permian evaporite

layers. The structural depression in the surface of the Dockum Group is probably a
reflection of a small-scale paleotopographic depression scoured into the surface of the
Dockum Group prior to the local deposition of Ogallala Formation sediments.

The results of the coring and soil boring activity at location 2-D suggest that partial

dissolution of the shallow caliche cap may have contributed to the development of the
buffalo wallow. The continuous core drilled within the buffalo wallow (location 2-D)

encountered only six feet of caliche cap, consisting primarily of calcium carbonate

cemented silt and sand. However, four exploration soil borings drilled along the outer
rim of the buffalo wallow (location 2-D(A), 2-D(B), 2-D(C) and 2-D(D)) encountered

a thickness of caliche cap ranging from 5.7 feet to 15.6 feet, with an average thickness

of approximately 10.2 feet. This suggests that a portion of the caliche cap material

may have been dissolved at the surface or beneath the buffalo wallow at 2-D. Surficial
dissolution of caliche cementation and subsequent removal by deflation may explain the

development of buffalo wallows (Nicholson and Clebesch, 1961). In addition,

dissolution of the deeper portion of the caliche, and subsequent slumping of the
overlying caliche cap, may have initiated the topographic expression of the buffalo

wallow or simply propagated a pre-existing topographic surface depression.

The drilling results at location 2-D indicate sediment depletion within the buffalo

wallow. The depth from ground surface to the top of the Dockum Group is given in
Figure VI.A.37. The thickness of material overlying the Dockuum Group locally thins

in the vicinity of 2-D. This can be explained by the removal of surficial material near
location 2-D by eolian deflation or by the transportation of soil from the depression by
animal activity. The buffalo wallow is presently covered with a thick carpet of

vegetation, which would be expected to greatly diminish the effect of eolian deflation.

However, this buffalo wallow presently appears to be frequented by livestock, resulting
in possible sediment removal on their hooves and fur. This pattern of current livestock

activity at the buffalo wallow may be indicative of the historic use of the site by North

American Bison (i.e., buffalo).

The topographic and structural depression at location 2-D may establish a surface water
and ground water relationship which has been integral in the development of the
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buffalo wallow. The buffalo wallow probably serves as a seasonal collection point for
surface water. The coring and soil boring process at location 2-D indicated that the
buffalo wallow contains approximately two feet of organic-rich soil, compared to less
than 0.4 feet of soil along the rim of the buffalo wallow. In addition, the significantly
increased density and length of grass and shrub growth within the buffalo wallow
suggests increased available moisture.

This potential surface water and groundwater relationship is supported by the fact that
the coring activity within the buffalo wallow encountered saturated conditions within
the shallow sand and gravel immediately overlying the Dockum Group. However,
cores and soil borings surrounding location 2-D did not produce water. This suggests
that ponded surface water within the buffalo wallow is able to infiltrate into the
subsurface, but is forced to pond beneath the buffalo wallow, possibly due to the
structural depression in the underlying Dockum Group. This infiltrating surface water
may increase the rate of caliche dissolution beneath the buffalo wallow and, therefore,
may help to propagate the growth of the 2-D buffalo wallow. A complete discussion of
the site groundwater conditions is provided in Section B.2.

If a local relationship exists between buffalo wallow formation and Dockum Group
structure, then it is likely that buffalo wallows would be more abundant overlying
Dockurn Group structural highs. It is here where structural depressions are most likely
to be closed (i.e., bowl-shaped) and, therefore, capable of ponding shallow
groundwater. Such a relationship may be suggested by the abundance of buffalo
wallows within the local area roughly bounded by survey locations 7-D and 7-E
through II -D and 10-F (Plate VI.A.3). This area directly overlies a broad structural

high in the surface of the Dockum Group (Figure VI.A.34).

A.4.3. Subsurface Stratigraphic Complexity

The local subsurface stratigraphic framework is presented in ten shallow geologic cross-
sections (Figures Vl.A.24 through VI.A.33). These cross-sections are based on the
results of the site coring, soil boring and geophysical logging program. A total of 59

soil boring logs are presented in Appendix B. A total of eight geophysical logs are
provided in Appendix C. A percent siltstone and sandstone isopach map, which
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delineates the local sediment distribution pattern in the shallow Dockum Group, is
provided as Figure VI.A.38. A stratigraphic column is provided as Figure VI.A.15.

Surficial Materials
The site is overlain by a thin veneer of two feet or less of organic-rich top soil. The
top soil consists of moist, brown silty sand which contains abundant vegetation debris
and roots. The top soil commonly contains well rounded, white, black, red, pink and
opaque quartzitic gravel and gravel fragments, as well as caliche fragments. These
gravel and caliche fragments appear to have weathered out of underlying caliche-
cemented Ogallala Formation sediments.

Caliche

Within the local study area, the top soil horizon is underlain by a variable sequence of
calcium carbonate cemented, calcrete duracrust capping material (i.e., caliche).
Caliche is common throughout the Southern High Plains or Llano Estacado, and forms
the resistant beds of the Caprock Escarpment along the western and eastern margins of
the Southern High Plains (Gustavson and Finley, 1985). Caliche typically forms in
and to semi-arid climates, where seasonal precipitation dissolves and vertically
transports low magnesium calcite from the surface soils into the deeper soil, where it is
precipitated in the vadose zone of the C soil horizon (Leeder, 1982), or at the vadose
zone/phreatic zone interface (Braithwaite, 1983).

Thick sequences of caliche such as those encountered within the local study area, are
probably remnants from the Pleistocene, and may record episodic accumulations of
carbonate in response to Pliocene-Pleistocene climatic fluctuations (Leeder, 1982).
Common sources of calcium in the shallow subsurface include weathered rock products
and organic sources such as lichen, fungi, algae and bacteria (James and Choquette,
1984). The primary factors controlling caliche formation include: meteoric
precipitation rate; carbon dioxide content of meteoric water and carbon dioxide
donation by organic material (increased carbon dioxide concentrations increase the rate
of calcium carbonate dissolution); and temperature (increased temperature promotes
calcium carbonate precipitation) (James and Choquette, 1984).
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A local surface exposure of caliche, Ogallala Formation and Dockum Group sediments
was observed at Baker Spring (Plate VI.A.3). At this location, (he caliche cap consists

of: approximately six feet of white, highly fractured calcium carbonate cemented
feldspathic and quartzitic silt and very fine grained sand; overlying approximately 12
feet of white and pinkish white, massive caliche with extensive concretionary nodule
growths (i.e., pisolites) and feldspathic and quartzitic silt and very fine grained sand;

resting on top of approximately six feet of pinkish white, calcium carbonate cemented

feldspathic and quartzitic silt, sand and gravel which becomes less cemented with
depth. This lower six feet of caliche material appears to be calcium carbonate
cemented Ogallala Formation sediments. This caliche altered Ogallala Formation

material has an irregular basal contact and indicates a gradational transition into
primarily uncemented Ogallala Formation sands and gravels below.

Caliche was encountered during the drilling program and was observed to be laterally

extensive throughout the local study area, ranging up to 47 feet thick at location 7-A
(Figure VI.A.24 through VI.A.33). As seen in the cross-sections, the local caliche cap
thickens toward the north and south margins of the study area, similar to the overall
thickness trend of the combined overburden sequence (Figure VI.A.37).

The caliche encountered during the drilling program is similar to the caliche exposed at
Baker Spring. Matrix color ranges from white £o pinkish white, with varying degrees
of cementation, hardness, fracturing and pisolitic concretions. The caliche horizon
contained varying amounts of feldspathic and quartzitic silt, sand and gravel fragments
with a general trend of decreased cementation and increased silt, sand and gravel

content with depth. In many areas, the caliche cap material included altered eolian silts
and sands, as well as cemented Ogallala Formation sediments. Open fractures and
vugs were observed within the caliche horizon.

OzaIala Formation
As discussed in Section A.3.2, the Ogallala Formation records a period of fluvial
deposition during the Pliocene (3 to 11 million years ago). The Ogallala Formation

had a source area in the Rocky Mountains, and was deposited as an eastem-thinning
apron of coalescing alluvial fans (Seni, 1980).
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A local surface exposure of caliche, Ogallala Formation and Dockum Group sediments
was observed at Baker Spring (Plate VI.A.3). The Ogallala Formation sediments
consist of approximately six feet of caliche cemented feldspathic and quartzitic silt,
sand and gravel, resting on top of approximately 15 feet of planar crossbedded and
trough crossbedded sand and gravel, which is indicative of a high energy fluvial system
(Seni, 1980). Sediment color ranges from pinkish tan to dark brown with red, pink,
white, black and opaque quartzitic gravel clasts and granitic cobbles. The base of the
Ogallala Formation has a sharp and irregular contact with the underlying dusky red

siltstone and claystone of the Dockum Group.

Ogallala Formation sediments were encountered in numerous soil borings throughout
the local study area (Figure VI.A.24 through VI.A.33). These sediments consist of
feldspathic and quartzitic sand and gravel with silt and clay, and appeared consistent
with the surface exposure at Baker Spring. For the purpose of general classification
and cross-section preparation, that portion of the Ogallala Formation that has been
cemented as part of the overlying caliche cap, is represented in the cross-sections as
caliche. However, it should be noted that a significant portion of the caliche cap within
the local study area consists of altered Ogallala Formation sediments. The following
discussion focuses on the uncemented portion of the Ogallala Formation, below the

*base of the caliche cap.

Caliche alteration of the Ogallala Formation, combined with incomplete recovery of
caliche-cemented and uncemented Ogallala Formation samples during the coring
program, hampered the accurate recognition and classification of the Ogallala
Formation 'sediments. Therefore, an accurate thickness (i.e., isopach) map of the

Ogallala Formation could not be prepared as part of the geologic investigation.
However, the geologic cross-sections (Figure VI.A.24 through VI.A.33) provide a
general means for determining the local thickness trend of Ogallala Formation.

The local thickness trend of the Ogallala Formation is partially related to the stnrcture

of the underlying Dockuum Group. As shown in the local cross-sections A-A', B-B', C-

C', D-D' and J-J' (Figure VI.A.24, VI.A.25, VLA.26, VI.A.27 and VI.A.33,
respectively), the thickness of the Ogallala Formation generally increases off of the

northern and southern flanks of the underlying Dockum Group ridge (Figure VI.A.34).
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In addition, small-scale structural lows in the surface of the Dockum Group generally
contain an increased thickness of Ogallala Formation. This is particularly evident on
cross-sections G-G' (Figure VI.A.30), where Ogallala Formation sediments appear
thickest in structural lows between locations 9-D and 7-D, and between locations 5-D
and 2-D. This general thickness trend is due to the fact that the Ogallala Formation
occurs as an erosional remnant throughout much of the Southern High Plains area
(Seni, 1980). As a result, thicker sequences of Ogallala Formation sediments often
correspond to structural lows in the underlying formations. It is in these structural
lows where the Ogallala Formation is partially protected from erosional activity. In
addition, it is within these structural lows where a portion of the Ogallala Formation

rests below the base of caliche cementation and is, therefore, clearly recognizable as
the Ogallala Formation.

Ground surface topography also determines the local thickness trend of the Ogallala
Formation. As discussed in Section VI.A.4.2, the overburden is thinnest where the
ground surface has been eroded closest to the surface of the underlying Dockum Group.
Since much of the local Ogallala Formation is tied up as cemented caliche, the
thickness of the Ogallala Formation has a similar thickness trend as the entire
overburden sequence. This general relationship is illustrated in Figure VI.A.37.

Dockum GrouR

As discussed in Section VI.A.3.2, the Dockum Group records a period of fluvial-

deltaic and lacustrine deposition within a restricted continental basin during the Triassic

(180 to 260 million years ago). The source areas for the Dockum Group included: the
Llano Uplift area to the east; the Amarillo Uplift, Wichita Mountain Uplift and

Arbuckle Mountain Uplift to the north and northeast; the Sierra Grande Arch and
Sangre De Cristo Uplift to the northwest; the Sacramento Uplift to the west; and the
Diablo Platform to the south (Figure VI.A.18) (McGowen et. al., 1979).

In Texas, the Dockum Group is stratigraphically divided into three formations: the

basal Tecovas Formation (siltstone and claystone); the middle Trujillo Formation
(sandstone and siltstone); and the upper Chinle Formation (claystone and siltstone)
(Gawloski, 1983). The Trujillo Formation of West Texas is analogous to the Santa
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Rosa Formation of New Mexico. The portion of the Dockum Group encountered at the

site is classified as part of the Chinke Fonnation.

A thin surface outcrop of Dockum Group sedinents exists at Baker Spring (Plate

VI.A.3). At this location, approximately five feet of dusky red colored siltstone and

claystone is exposed at the base of a highwall of calicbe and Ogallala Formation

sediments. The upper surface of the Dockum Group is irregular and indicates an

eroded, disconfornable contact with the overlying Ogallala Formation.

The Dockurn Group was penetrated to a maximum depth of 300 feet below ground

level (location 9-G) during the on-site soil boring program. Continuous cores, drill

cuttings and geophysical logs were used to characterize this shallow portion of the

Dockum Group at the site. This information is presented in 10 hydrogeologic cross-

sections (Figure VI.A.24 through VI.A.33). In addition, the general distribution of

Dockum Group silt and sand is presented in Figure VI.A.38.

Based on the results of the on-site drilling program, the Dockum Group consists

primarily of reddish brown, maroon and purple siltstone and claystone with intervals of

reddish tan and greenish gray siltstone and sandstone. However, as shown in the cross-

sections, a number of cycles of predominantly mudstone and siltstone/sandstone

deposition indicate the variable depositional history and complexity of the local

Dockum Group.

The portion of the Dockum Group encountered during the on-site drilling program can

be divided into three major depositional cycles: 1) a lower interval consisting of

sdltstone with some claystone, below an approximate elevation of 3,250 feet MSL; 2)

an intermediate interval of primarily claystone with some siltstone and sandstone,

within an approximate elevation range from 3,250 to 3,325 feet MSL; and 3) an upper
interval consisting of siltstone and sandstone with some claystone above an approximate

elevation of 3,325 feet MSL. These three depositional cycles are particularly well

defined in cross-sections A-A' and J-J' (Figure VI.A.24 and VI.A.33, respectively).

The upper and lower depositional cycles represent periods of increased depositional

activity. Reddish brown, massive to parallel-laminated claystones typically indicate
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lacustrine or prodelta sedimentation, while greenish gray and reddish brown, parallel-
laminated and cross-laminated siltstones and very fine grained sandstones indicate delta-
front deposition (McGowen et. al., 1979). A predominant greenish gray coloration of
the siltstones and sandstones indicates deposition during periods of high lake lcvels
(i.e., high stand), which corresponds to periods of relatively high rainfall rates.
During these periods, the fluvial system is actively transporting material to the basin
from distant source areas. This sediment is rich in lighter colored granitic minerals and
often contains flakes of mica and biotite. A predominant reddish brown coloration of
the siltstones and sandstones indicates deposition during periods of low lake level (i.e.,
low stand). This is when rainfall rates are relatively low, and the fluvial system is no
longer transporting sediment into the basin from distant source areas. The primary
sediment source consists of pre-existing Triassic strata located along the margin of the
lacustrine basin.

The middle depositional cycle represents a period of relatively quite lacustrine
deposition. This interval consists primarily of reddish brown, maroon and purple
claystone with some siltstone and sandstone. The claystone intervals record periods of
both high stand and low stand lacustrine deposition. However, a predominance of
maroon and purple, worm-burrowed claystone is indicative of high stand lacustrine
deposition. A dominantly reddish brown and purple claystone, mottled with greenish
gray, is indicative of high stand mud flat deposition. Mud flat sediments also exhibit
clay and mineral infiling of fractures (i.e., mud cracks) and contain disseminated
calcium carbonate cementation and caliche nodules. Siltstone and sandstone intervals
that do not exhibit observable grain size sorting trends are typically the result of fan
delta deposition associated with low stand braided stream systems. Massive, reddish
brown claystones which exhibit abundant worm burrows and slickensides are associated
with low stand lacustinie and mud flat deposition (McGowen et. al., 1979).

The local distribution pattern of Dockum Group sandstone and siltstone indicates a
sediment transportation network which is oriented in a general west to east direction.
A percent sandstone and siltstone map was generated for the uppermost depositional
cycle (Figure VI.A.38). The sandstone and siltstone within the upper depositional
cycle exhibits a sinuous to dendritic distribution pattern, with a distribution axis

running through the middle portion of the local study area. This configuration is
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consistent with the regional distribution pattern which indicates an east to northeast
progradation of Dockum Group sands extending from a source area in the Diablo

Platform to the west/southwest (Figure VI.A.39).

A sandstone and silistone distribution map for the lower depositional cycle was not
generated due the minimal number of borings which penetrate this interval. However,
a geophysical logging program was conducted at eight deep locations at the proposed
WCS landfill site, which provides information regarding tihe lateral continuity of the
lower depositional cycle. These logs, combined with the results from the continuous
coring/soil boring program, indicate a laterally continuous sandy silt interval within the
lower depositional cycle, at an approximate subsurface elevation of 3,225 feet to 3,250

feet MSL (Figure VI.A.24 and VI.A.33).

The geophysical log signature observed in Figure VI.A.24 and VI.A.33 can also be
seen on the two deep cross-sections (Plate VI.A.4 and VI.A.5) within the same
approximate subsurface elevation range. As shown on the two deep cross-sections, the
long axis of this sandy silt interval is oriented in a generally southwest to northeast
direction. This interval is shown on Plate VI.A.5 extending over four miles from
location #12 to location #15. As shown on Plate VLA.4, the short axis of this sandy
silt unit extends a minimum distance of 1.3 miles from location #4 to location #9. The
southwest to northeast distribution pattern of this lower cycle sandy silt interval is
consistent with the distribution pattern of the upper cycle (Figure VI.A.38) and is
consistent with the regional Dockum Group sand'distribution pattern (Figure VI.A.39).

A.4.4. Hydrogeologic Framework

The local hydrogeologic framework consists of unsaturated caliche and Ogallala

Formation deposits overlying Dock-um Group sediments which appear to be under both
confined and water table conditions. Saturated conditions were encountered in the
Ogallala Formation beneath the buffalo wallow at location 2-D. However, the Ogallala
Formation did not yield water from any of the borings surrounding the buffalo wallow,
or at any of the other locations at the proposed WCS landfill site.
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This isolated occurrence of shallow groundwater in the Ogallala Formation is attributed
to the localized perching of groundwater within a shallow depression in the
paleotopographic surface of the Dockhm Group immediately beneath the buffalo
wallow. Based on the results of the site-wide drilling program, this isolated occurrence

of shallow Ogallala Formation groundwater does not constitute an aquifer. See Section
VI.A.4.2 for a complete discussion of local Dockum Group structure and its
relationship to the 2-D buffalo wallow. A complete discussion of the local

hydrogeologic system is provided in Section B.2.

A.4.5. Geotechnical Properties of the Subsurface Soils

A discussion of the subsurface soil geotechnical properties is provided in the companion
report provided by JHA. Selected data based on laboratory perneaneter testing are
used in the discussion of local groundwater conditions contained in Section VI.B.2.
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VI.B. Facility Groundwater

B.1. Regional Aquifers

The High Plains Aquifer of West Texas consists of water bearing units within:
Quaternary alluvial deposits; the Pliocene Ogallala Formation; and Creatceous rocks
(Nativ and Gutierrez, 1988). Regionally, the Ogallala Formation is the primnay
component of the High Plains Aquifer (Dutton and Simpkins, 1986). The High Plains
Aquifer is viewed as one, hydraulically connected aquifer system, and groundwater
typically exists under both unconfined and confined conditions.

B.1.1. Ogallala Aquifer

The Ogallala Aquifer is the primary freshwater aquifer within the regional study area
and serves as the principal source of groundwater in the Southern High Plains (Cronin,
1969). The general characteristics of the Ogallala Formation, which have been
discussed previously in Sections A.3.1, A.3.2 and A.4.3 indicate the fluvial origin of
the Ogallala Formation. There is complex vertical and lateral variability found within
the Ogallala Formation.

Regionally, the Ogallala Formation thickens to the north and west. The saturated
thickness of the Ogallala Aquifer ranges from a few feet to approximately 300 feet in
the Southern High Plains (Nativ, 1988). Groundwater within the Ogallala Aquifer is
typically under water table conditions, with a regional hydraulic gradient toward the
southeast (Figure VI.B.1) ranging from approximately 10 feet/mile (Stone and
Webster, 1983) to 15 feet/mile (Knowles et. al., 1984). The average hydraulic
conductivity of the Ogallala Aquifer ranges from I foot/day (Knowles et. al., 1984) to
27 feet/day (Stone and Webster, 1983).

The Ogallala Aquifer is recharged primarily through the infiltration of precipitation.
The rate of recharge is believed to be less than I inch/year (Stone and Webster, 1983).
Groundwater discharge from the Ogallala Aquifer occurs naturally through springs,
underflow, evaporation and transpiration, but is also removed artificially through
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pumpage and catchment. Currently, the rate of withdrawal exceeds the rate of recharge

for much of the Ogallala Aquifer (Stone and Webster, 1983).

Water quality data for three Ogallala Aquifer wells, located within two miles of the

site, resulted from a review of Texas and New Mexico state records for western

Andrews County, Texas and eastern Lea County, New Mexico. These water well

locations are tabulated in Table VI.B. L.a, and water quality data for these wells are

presented in Table VI.B. 1 .b. The well locations are spotted on Plate VI.A. 1.

Review of the water quality data indicates that the local Ogallala Aquifer contains fresh

to slightly saline water (TDS < 3,000 mgIL). The TDS value for well 26-40-201

(1,070 mg/L) is slightly above the Recommended Secondary Constituent Level of

1,000 mgfL (25 TAC Chapter 337). However, the Ogallala Formation does not appear

to be water bearing at the proposed WCS landfill site.

Tertiary-Ouaternary Aquifer

The Tertiary-Quaternary Aquifer is a minor regional aquifer and is not present at the

proposed WCS landfill site. Quaternary-age alluvium occurs as channel deposits

composed of alternating thickly bedded calcareous silt, fine sand, and clay that overlie

Ogallala Formation and Chinle Formation sediments along Monument Draw (Nicholson

and Clebsch, 1961). From the north end of Monument Draw southward, groundwater

moves through both the Quaternary alluvium and through the large outliers of the

Ogallala Formation underlying the Eunice Plain area. The sediments along Monument

Draw and under the Eunice Plain to the west of the draw have an average saturated

thickness of about 30 feet (Nicholson and Clebsch, 1961). The bulk of the water in the

Tertiary-Quaternary Aquifer is derived by underground flow from the Laguna Valley

area to the north-northwest, as local recharge by precipitation is probably negligible.

East of Monument Draw, the buried Triassic strata form a north-trending barrier which

is reflected topographically by Rattlesnake Ridge (Nicholson and Clebsch, 1961).

Groundwater flow is diverted southward by this barrier. In the Rattlesnake Ridge area,

the base of the Ogallala Formation is generally above the water table.
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B.1.2. Cretaceous Aquifer

The Cretaceous Aquifer of the Southern High Plains is typically considered as pan of

the High Plains Aquifer (Nativ and Gutierrez, 1988). Recharge to the Cretaceous

Aquifer is provided by overlying Quaternary and Ogallala Formation sediments in

Texas, and by upward leakage from the underlying Dockum Group in eastern New

Mexico. The regional hydraulic gradient of the Cretaceous Aquifer is toward the

southeast (Figure V1.B.2).

The Cretaceous Aquifer in the Southern High Plains consists of: a basal unit - Trinity

Formation sandstone; an intermediate unit - Edwards Formation limestone; and an

upper unit - KiamichilDuck Creek Formation sandstone and limestone. Where present

in the subsurface, the Cretaceous Aquifer is used in the Southern High Plains as a

primary source of groundwater (Nativ and Gutierrez, 1988). However, within

Andrews County, the Cretaceous Aquifer is only present in the extreme southeastern

portion of the county. Therefore, the Cretaceous Aquifer is not considered to be of

importance to this report and is not discussed further in this section.

B.1.3. Dockum Group Aquifer

The Dockum Group regionally consists of Triassic fluvial and lacustrine clay, shale,

siltstone, sandstone and conglomerate. The Dockum Group is divided into three

stratigraphic units (bottom section to top section): the Tecovas Formation; Trujillo

Formation (analogous to the Santa Rosa Formation) and Chinle Formation. The

Tecovas Formation is not present within the regional or local study area. Water from

the Dockum Aquifer is used as a replacement for, or in combination with the Ogallala

Aquifer as a regional source for irrigation, stock and municipal water (Dutton and

Simpkins, 1986).

Lower Dockun Aquifer

Topographically controlled groundwater basin divides were developed during the

Pleistocene, by the erosion of the Pecos and Canadian River valleys (Figure VI.B.3).

Prior to the development of these groundwater basin divides, the lower Dockum

Aquifer was recharged by precipitation on its outcrop area in eastern New Mexico

(Figure VI.B.3, view a and b). However, since the development of the Pecos and
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Canadian River valleys, the lower Dockum Aquifer in Texas has been cut-off from its
recharge area. Without recharge, the lower Dockuum Aquifer experiences a net loss of
groundwater from withdrawal by wells and by seepage (Figure VI.B.3, view c and d)
(Dutton and Simpkins, 1986).

Hydraulic head levels, hydrochemical facies analyses and groundwater oxygen isotope
values for the Dockum Aquifer, compared to the High Plains Aquifer, indicate that the
confined Dockum Aquifer is separated from the overlying High Plains Aquifer by the

thick confuuing claystones of the upper Dockum Group (Dutton and Simpkins, 1986).
Groundwater oxygen isotope values indicate that the confined Dockum Aquifer was
recharged in eastern New Mexico during a cool climate, at elevations above
approximately 5,900 feet MSL (Dutton and Simpkins, 1986). However, due to the
Pleistocene cut-off of the lower Dockum recharge area, current recharge is negligible
(Figure V1.B.3). Therefore, groundwater within the lower, confined Dockum Aquifer
is 'old' (up to 3 million years old) and storage is irrevocably depleted by pumpage.

The regional hydraulic gradient of the lower Dockum Aquifer, which is toward the
southeast, is presented in Figure VI.B.4. It can be inferred from this map that the
potentiometric surface of the water bearing zones within the lower Dockum Group is
located at an approximate elevation of 3,100 feet MSL (350 feet BGL) in the area of
the proposed WCS landfill site.

Upper Dockum Aquifer
The upper portion of the Dockum Group (Chinle Formation) serves as an aquitard in
the regional and local study area (Nicholson and Clebsch, 1961; Dutton and Simpkins,

1986). This is supported by the fact that the hydraulic head of the lower Dockum
Aquifer is significantly lower than that of the overlying Ogallala Aquifer throughout
much of the regional study area (Figure Vl.B.5). This relative head difference,
approximately 200 to 300 feet in western Andrews County, suggests that the lower
Dockum Aquifer is receiving essentially no recharge (Nativ, 1988). The primary
limiting factors on recharge include: the aquitard characteristic of the upper Dockum
Group; and the cut-off, by the Pecos River Valley, of historical recharge areas in
eastern New Mexico (Figure VI.B.3).
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Permeable zones do exist within the upper Docku'm Group which produce low
quantities of good to poor quality water. Recharge to the upper Dockum Aquifer is

provided by vertical infiltration of precipitation from the overlying units of the
Quaternary-Tertiary Aquifer and High Plains Aquifer. This occurs where relatively
permeable zones within the Dockum Aquifer are in contact with the overlying aquifer

units (Nicholson and Clebsch, 1961). Within the regional study area, the flow

direction in the upper Dockum Aquifer system is toward the east, away from outcrop

areas to the west (Dutton and Simpkins, 1986).

B.2. Local Groundwater Conditions

The local groundwater system consists of unsaturated caliche and Ogallala Formation
deposits resting on top of Dockum Group sediments which appear to be under both

confined and water table conditions. Saturated conditions were encountered in the
Ogallala Formation beneath the buffalo wallow at location 2-D. However, the Ogallala
Formation did not yield water from any of the borings surrounding the buffalo wallow,
or at any other locations within the local study area, and therefore does not constitute
an aquifer. This isolated occurrence of Ogallala Formation groundwater is attributed to
the localized perching of groundwater within a shallow depression in the

paleotopographic surface of the Dockum Group immediately beneath the buffalo
wallow (see Section VI.A.4.2 for a complete discussion of local Dockum Group

structure and its relationship to the 2-D buffalo wallow). Water bearing units within
the shallow Dockuum Group consist of isolated to laterally extensive prodelta and delta-

front siltstones and sandstones.

B.2.1. Uppermost Aquifer

The uppermost aquifer at the site consists of the saturated portion of the Dockum

Group. Insufficient data are currently available to conclusively determine the character

of the uppermost aquifer. This is due to the fact that the water levels in many of the 12

groundwater monitoring wells and piezometers, which were installed as part of the field

investigation, have not yet equilibrated. In some cases, this water level equilibration

period currently exceeds 90 days (Table VI.B.2). However, four of the piezometers

installed have approximately reached stabilization, and form the basis for the following

discussion. Regardless of which portion of the local Dockumr Group is ultimately
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defined as the uppermost aquifer, the results of the on-site drilling program and deep

cross-section preparation indicate an interval of underlying clay that is in excess of 30
feet in thickness (Figure VLA.24 through VLA.33; Plate VL.A.4 and VLA.5).

Hydraulic Gradient

Water level elevations at four on-site piezometers have approximately reached static

conditions. The water elevations at these locations range from 3,322.11 feet MSL

(150.23 feet BGL) at location l1-D, to 3,257.45 feet MSL (181.10 feet BGL) at

location 2-G (Table VI.B.2). Based on this preliminary information, a east/southeast

gradient of approximately 75 feet per mile (0.014 feet per foot) is inferred for the local
Dockum Group (Figure Vl.B.5). This information corresponds well with the regional

potentiometric surface map (Figure VI.B.4), which indicates a southeast hydraulic

gradient for lower Dockum Group. The regional potentiometric surface map (Figure

VI.B.4) also indicates a potentiometric surface for the lower Dockum Group of

approximately 3,100 feet MSL in western Andrews County.

Aquifer System
As shown in the cross-sections at locations 2-G, 7-G and II -D (Figure VI.A.24 and

VI.A.33), the present hydraulic head level in these piezometers extends well above the

top of the completion interval. This suggests that the water bearing intervals at these

locations are under confined conditions. However, the water levels in the supplemental

wells installed in the claystone above these water bearing intervals have not yet
equilibrated. Therefore, it can not be confirmed at this time whether the head levels in

piezometers 2-G, 7-G and Il-D, indicate confined conditions or simply reflect the

uppermost zone of saturation within the surrounding claystones (i.e., water table

conditions).

The water level at piezometer 4-C has equilibrated, and is within the completion

interval (Figure VI.A.29). This indicates that the Dockum Group sandstone in which

piezometer 4-C is completed, is under water table conditions.

Nested wells have been installed at three locations at the site (4-G, 6-B and 9-G), to
obtain data regarding vertical hydraulic gradients. Once water levels reach static

conditions, a more complete understanding of the local hydrogeologic system will be

gained.
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Groundwater Seepage Velocity
As discussed above, the analysis of the preliminary water level data from four of the
on-site piezometers, indicates a hydraulic gradient of approximately 75 feet per mile
(0.014 feet per foot) towards the southeast (Figure VI.B.6). Since water levels a( the
site have not reached static conditions, no field testing (i.e., slug testing or aquifer
pump testing) has been performed to this point to evaluate in-situ hydraulic
conductivity values. The fact that most wells at the site require many weeks for their
water levels to reach static conditions, provides a qualitative indication of relatively low
hydraulic conductivities for the local Dockuni Aquifer.

Since in-situ pumping or slug test data are not currently available, hydraulic

conductivity values based on laboratory perneameter testing results were used. These
hydraulic conductivity values were derived from the testing of subsurface soil samples
obtained during the on-site drilling program. Porosity values are based on assumptions
from Walton (1991). A discussion of the permeameter testing, and other geotechnical
testing programs, is provided in the companion report prepared by JHA.

Groundwater seepage velocities were calculated for three types of lithologic material:
claystone, siltstone and sandstone. The highest measured hydraulic conductivity values
available, derived from laboratory permeameter testing, were used to calculate the
seepage velocity for each of the three lithology types. In addition, the assumed
porosity value for each lithology was selected from the low, end of the published range
(Walton, 1991), to maximize the calculated seepage velocity. Groundwater seepage
velocities were calculated using Darcy's Law as follows:

v = (K/n) (dh/dl) (Freeze and Cherry, 1979, p 71)

where:

v = seepage velocity

K = hydraulic conductivity

n = porosity
dh/dl = hydraulic gradient
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The results of these calculations are summarized as follows:

Uthology K (cm/see) n (0.20 =20%) (dh/dl) V (ft/day) Y(ftLvear)
claystone 1.76 x 10-8 0.10 0.014 7.0 x 10-6 0.003
siltstone 3.20 x 10o 0.25 0.014 5.2 x 104 0.2
sandstone 2.58 x 10-6 0.25 0.014 4.3 x 104 0.2

Groundwater Ouality Data
Water quality samples have not been obtained from wells at the site. This is due to the
fact that the wells have not equilibrated and have not been developed. However, a
search of available state water quality data for Texas and New Mexico provided a
groundwater analysis of a Dockum Aquifer well within two miles of the proposed
landfill site (rable VI.B.l.b and Plate VI.A.1). This well is used as a groundwater
monitoring well (MW-79) at the nearby Parabo, Inc. facility. The chemical analysis
indicates slightly saline water (1,000 < TDS < 3,000 mg/L). The TDS (2,386
mgIL), sulfate (359 mg/L) and chloride (723 mgIL) values are above the
Recommended Secondary Constituent Levels (25 TAC Chapter 337) of 1,000 mg/L,
300 mg/L and 300 mg/L, respectively.

B.2.2. Aquiclude

As discussed in Section VI.B.1.3, the Chinle Formation of the Dockum Group serves
as a regional aquitard (Dutton and Simpkins, 1986). The portion of the Dockum Group
encountered during the on-site drilling program consists of a complex assemblage of
Chinle Formation claystone, siltstone and sandstone. As discussed in Section
VI.B.2. 1, laboratory-measured maximum hydraulic conductivities for site-specific
Chinle Formation samples range from 1.76 x 108 cm/sec for claystone, to 3.20 x 106

cm/sec for siltstone and 2.58 x 106 for sandstone. These hydraulic conductivity
values, combined with the massive to horizontally bedded character of local Chinle
Formation, indicate that it will serve as an effective aquitard or aquiclude.

B.2.3. Underground Sources of Drinking Water (USDW)

An inventory of water wells within a 2-mile radius of the proposed landfill site was
performed, based on existing state agency records. This information is summarized in
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Table 'vJ.B.I.a, and the well locations are posted on Plate VJ.A. 1. The 2-mile search
area was initiated when no wells were found to be located within one mile of the site.

A summary of groundwater quality analyses for these wells is provided in Table

VI.B. L.b.

Based on geophysical log response and limited water chemistry data (Table VT.B. I .b),

the Dockum Group appears to contain moderately saline water (TMS < 10,000 mg/L).

The underlying Permian units contain salt deposits and are not locally used as a water
supply. Therefore, the base of the local USDW is determined to be at the base of the

Dockum Group (i.e., approximately 1,400 feet BGL).

As discussed in Section B.L.I, the primary source of potable groundwater within the

regional area is the Ogallala Aquifer. However, as discussed in this section, the base

of the local USDW is considered to include water bearing zones within the lower
Dockum Group. The local groundwater system will be insulated from proposed landfill
activities at the WCS facility by the aquitard characteristics of the upper Dockum
Group, and by the proposed landfill design and engineering controls. The proposed
landfill design and engineering controls are discussed in the companion report provided
by AME.

B3. Detection Monitoring System

The detection monitoring system, including proposed weU system (Section VI.B.3.1)

and sampling parameters (Section VI.B.3.2), is discussed in the companion report
provided by AME.
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VY.C. Exemption from Groundwater Monitoring for an Entire
Facility

WCS does not, at this time, wish to request an exemption from groundwater

monitoring for the proposed landfill facility.
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VI.D. Unsaturated Zone Monitoring

This section does not apply to this Part B Permit Application, because the proposed

WCS facility is not a land treatment unit and is not associated with any Corrective

Action.
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October 17,2003

Mr. Philip Clarkson
Lockwood Greene
1500 International Drive
Spartanburg, SC 29304

Subject: Report of Preliminary Subsurface Exploration
Proposed National Enrichment Facility
Lea County, New Mexico
MACTEC Project 3043031049/0001

Dear Mr. Clarkson:

We at MACTEC Engineering and Consulting, Inc., (MACTEC) are pleased to submit this Report of
Preliminary Subsurface Exploration for your project. Our services, as authorized by you, were
provided in general accordance with our proposal number PropO3KnoxI404, Revision 2, dated
September 2, 2002.

The purpose of this preliminary exploration was to develop information about the site and
subsurface conditions that could. be used for assistance in determining the feasibility of
constructing the proposed facilities at the site. This report describes the work performed, and
presents the results obtained and our preliminary geotechnical exploration.

The preliminary exploration does not provide the necessary information to complete the design of
the facilities. When specific project details concerning building and pavement locations and the
foundation loads and site grades are developed, subsequent and more detailed exploration and
analysis will be necessary to provide the final geotechnical design parameters.

Thank you for the opportunity to provide our professional geotechnical services during this phase
of your project. We will be pleased to discuss our recommendations with you and would welcome
the opportunity to provide the geotechnical engineering services needed to successfully complete
your project.

Sincerely,

MACTEC ENGINEERING AND CONSULTING, INC.

Matthew B. Haston Marshall Lew, Ph.D., P.E.
Senior Professional Senior Principal

MBHIML:sjm

MACTEC Engineering and Consultling

1725 Louisville Drive - Knoxville. TN 37921-5904
865-58898544 * Fax: 865-5884026



REPORT OF
PRELIMINARY SUBSURFACE EXPLORATION

PROPOSED NATIONAL ENRICHMENT FACILITY
LEA COUNTY, NEW MEXICO

Prepared for:

LOCKWOOD GREENE

Spartanburg, South Carolina

Prepared By:

MACTEC ENGINEERING AND CONSULTING, INC.

Knoxville, Tennessee

MACTEC Project 3043031049/0001

October 17, 2003



Proposed National Enrichment Facility October 17, 2003
MACFEC Project 3043031049A100I

TABLE OF CONTENTS

LIST OF FIGURES ........................................................ III

EXECUTIVE SUMMARY.............................................................................................................. IV

1.0 OBJECTIVES OF EXPLORATION ......................................................... I

2.0 SCOPE OF EXPLORATION ......................................................... 1

3.0 PROJECT INFORMATION AND srrE CONDITIONS ........................................................ I1

4.0 AREA AND SITE GEOLOGY ......................................................... 2
4.1 PHYSICAL SETTING ......................................................... 2
4.2 REGIONAL GEOLOGY ......................................................... 3
4.3 LOCAL GEOLOGIC CONDITIONS ......................................................... 4
4.4 TECTONIC SETTING ......................................................... 5

5.0 SUBSURFACE CONDITIONS ......................................................... 7

6.0 GROUND-WATER CONDITIONS ......................................................... 8

7.0 PRELIMINARY FOUNDATION RECOMMENDATIONS ...................................................... 9

8.0 PRELIMINARY SITE PREPARATION RECOMMENDATIONS ......................................... 10

9.0 DIFFICULT EXCAVATION ........................................................ II

10.0 PRELIMINARY SEISMIC CONSIDERATIONS ........................................................ 12
10.1 SITE COEFFICIENT AND SEISMIC ZONATION .................................................. 12
10.2 LIQUEFACTION.......................................................................................................12

11.0 COMPACTED FILL RECOMMENDATIONS ..................................... 13

12.0 CORROSION POTENTIAL .................................... 14

13.0 PRELIMINARY PERCOLATION RATE .................................... 15

14.0 PRELIMINARY CALIFORNIA BEARING RATIO INFORMATION ................................ 15

15.0 RECOMMENDED ADDITIONAL GEOTECHNICAL EXPLORATION ............................ 16

16.0 BASIS OF RECOMMENDATIONS....................................................................................... 16

17.0 REFERENCES......................................................................................................................... 17

FIGURES

APPENDIX A: FIELD EXPLORATORY PROCEDURES

APPENDIX B: KEY TO SYMBOLS AND DESCRIPTIONS
SOIL TEST BORING RECORDS

APPENDIX C: LABORATORY TEST PROCEDURES
LABORATORY TEST RESULTS

ii



Proposed National Enrichment Facility
MACTEC Project 304303104910001

October 17. 2003

LIST OF FIGURES

Figure

I Site Location Plan

2 Boring Location Plan

iii



Proposed National Enrichment Facility October 17, 2003
MACTEC Project 3043031049/0001

EXECUTIVE SUMMARY

We were selected by Lockwood Greene to perform a preliminary geotechnical exploration for the
proposed National Enrichment Facility. The proposed project site is located north of New Mexico
Highway 234 in the western portion of Lea County, New Mexico. The objectives of our
preliminary exploration were to develop information about the site and subsurface conditions that
could be used for assistance in determining the feasibility of constructing the proposed facilities at
the site.

The exploration consisted of drilling five test borings in the proposed building area to depths of 40
to 100 feet. The major findings and recommendations of our subsurface exploration are as follows:

* Underlying an approximatelyitwo-foot veneer of loose eolian sands,; the
soil test borings encountered Quaternary age firm to very dense silty sa~nds.
Zones of rocklike calcium carbonate cemented soils (caliche) were
encountered at varying intervals within this zone. Underlying the upper
sandy soils, Triassic age very hard clays were encountered at depths of 35
to 40 feet. Each of the borings terminated in the clay soils at their
predetermined depths.

* Ground water was not encountered in the borings performed for this
exploration at the time of drilling. Based upon information from other
explorations at this site and adjacent sites, we do not expect ground water
to present difficulty during construction considering the preliminary
maximum excavation depths.

* Shallow spread foundations bearing in the firm and better sandy soils such
as those encountered in the soil test borings may be preliminarily designed
using the allowable bearing pressure of 7,000 pounds per square foot.

* The upper loose eolian sands are not likely suitable for direct shallow
foundation support or for the subgrade support of new engineered fills,
pavements, or grade slabs. Therefore, we recommend that where
encountered within building areas, these upper loose sands be stripped
from the site during mass grading.

This summary is only an overview and should not be used as a separate document or in place of
reading the entire report, including the appendices. Further, this is a preliniinary exploration and
does not provide the information for the final design of the proposed facilities. Additional field
exploration, engineering analysis, laboratory and field testing may be required to develop the final
geotechnical design parameters. We recommend the owner retain MACTEC to provide these
services based on our familiarity with the project, the subsurface conditions, the intent of the
preliminary recommendations, and our experience in this area.
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1.0 OBJECTIVES OF EXPLORATION

The objective of this preliminary exploration was to develop information about the site and subsurface

conditions that could be used for assistance in determining the feasibility of constructing the proposed

facilities at the site and to aid in the development of a construction cost estimate and design basis. The

preliminary exploration does not provide the necessary information to complete the design of the

facilities. When specific project details concerning building, pavement, and railroad spur locations and

the foundation loads and site grades are developed, subsequent and more detailed exploration and

analysis will be necessary provide the final geotechnical design parameters. An assessment of site

environmental conditions or an assessment for the presence of pollutants in the soil, rock, surface

water, or ground water of the site was beyond the proposed scope of this exploration.

2.0 SCOPE OF EXPLORATION

The scope of services for this preliminary exploration has included a site reconnaissance, drilling

the five requested soil test borings at the locations selected by Lockwood Greene within the

proposed project area, and visually classifying the soil samples obtained from the standard

penetration testing.

We collected two undisturbed and six bulk samples in conjunction with the drilling for laboratory

testing. California bearing ratio (CBR), compaction, Atterberg limits, grain size, and moisture

content laboratory tests were conducted on selected bulk samples to evaluate their suitability for

use as engineered fill and to determine a representative CBR value for preliminary design purposes.

Resistivity, pH, Atterberg limits, grain size, and moisture content laboratory tests were conducted

on selected samples obtained during the standard penetration testing to evaluate the index

properties of the site soils, aid in the classification of the soil type, and to assist in the evaluation of

the corrosion potential of the site soils.

3.0 PROJECT INFORMATION AND SITE CONDITIONS

Project information was provided in a "Request for Proposal" (RFP) from Mr. Philip Clarkson of

Lockwood Greene, dated August 18, 2003. Also provided was a drawing entitled "Conceptual Site

Plan" (Drawing SKC-0)), by Lockwood Greene, dated September 2, 2003. The drawing shows

the preliminary location of the proposed facilities in relation to existing site features and existing

I



Proposed National Enrichment Facility October 17. 2003
MA CTEC Project 3043031049,VOOI

topography. Lockwood Greene also provided a copy of a geotechnical exploration performed by

others at a nearby site for informational purposes.

The proposed project is to consist of the construction of a National Enrichment Facility (NEF)

north of Highway 234 just west of the New Mexico-Texas state line, near Eunice, New Mexico.

The NEF is to be comprised of several building modules which will cover a combined total area in

excess of 1,000,000 square feet. The individual building modules are to be of reinforced concrete

frame construction with precast concrete exterior wall panels. The walls will act as shear walls

providing lateral support for the structure. Based upon the provided drawing, several individual

concrete storage pads are to be constructed to the north of the building area. These concrete pads

cover an area having plan dimensions of approximately 1,000 by 2,000 feet. Also proposed for

construction as part of the NEF are various paved access drives and parking areas, above ground

storage tanks, cooling towers, and ancillary security and visitor center structures.

Maximum individual total column foundation loads are reportedly in the range of 400 to 1,300

kips. We understand much of the total column load is dead load. The project is in the preliminary

planning phases at this time and information regarding finished grade elevations of the proposed

facility has not been provided. Based upon the provided information, the finished floor is to be at

about Elev.3414 feet. Site grades within the proposed project grading area range from Elev. 3402

to 3424 feet. We understand the proposed construction will not include basements or subsurface

pits of more than five feet in depth.

Based upon a review of the provided topographic drawing, site grades range from about Elev. 3455

feet in the northeast corner of Section 33 down to about Elev. 3380 feet in the southwest corner of

Section 32. The site is covered by sparse vegetation consisting of grasses, brush, and cacti.

Surficial soils are loose sands. An existing unimproved road crosses the central portion of the site

in a north-south orientation. A subsurface pipeline crosses the site in a northwest-southeast

orientation.

4.0 AREA AND SITE GEOLOGY

4.1 PHYSICAL SETTING

The topography in southeastern New Mexico generally consists of broad plains and gently rolling

hills with locally some bluffs and shallow river valleys. The geologic structure is relatively simple,
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generally consisting of flat-lying to gently warped sedimentary rocks ranging in age from Permian

to Pliocene.

The site is located in the Great Plains physiographic province. In the project area, the Great Plains

province is divided into two sections, the Pecos Valley section and the Southern High Plains

section (Doleman, 1997). Mescalero Ridge, an escarpment (steep cliff) located about 'A mile to the

northeast of the project site, is considered the boundary between the two sections. The primary

difference between the two sections is the topography: the topographically lower Pecos Valley

section is characterized by an irregular erosional surface while the topographically higher Southern

High Plains section is a large flat mesa that slopes very gently to the southeast (Doleman, 1997).

The site is located in the Pecos Valley section of the Great Plains. Topography in this area was

formed by erosion of the Tertiary age fluvial deposits and localized exposure of the underlying

Mesozoic and Paleozoic rocks (Doleman, 1997). In the project area, the topography slopes gently

to the southwest (at a gradient of approximately 15 feet per mile) and the surface geology is

characterized by Quaternary age eolian (wind blown) deposits that mantle the underlying

Quaternary and Tertiary age sediments. Local variations in local topography are reflective of the

thickness and distribution of the eolian deposits.

4.2 REGIONAL GEOLOGY

The southeastern portion of New Mexico (and adjacent West Texas) is located in a geologically

stable area known as the Permian Basin. This large subsurface structural basin, named for the

geologic period in which it was formed, is a broad, down-warped area filled in with thick

sequences of sedimentary rocks. During the late Cretaceous to early.Tertiary time, tectonic uplift

(mountain-building processes) to the west of the Permian Basin resulted in a structural high in the

area that is now the Rocky Mountains and the southern extension of the Rocky Mountains

(including the mountain ranges to the west of the project area). Erosion of this structural high

provided the source area for sediments that now make up the younger Tertiary and Quaternary age

formations that are locally exposed in the site vicinity.
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4,3 LOCAL GEOLOGIC CONDITIONS

4.3.1 General

In the project area, the bedrock is relatively shallow (within 40 feet of the ground surface) and

consists of sedimentary rocks of the Triassic age Chinle Formation. The Chinle Formation bedrock

consists of a thick sequence of massive, unsaturated red, reddish purple or green claystone and

siltstone with some localized fine-grained sandstone interbeds. The bedrock is overlain by

approximately 35 to 40 feet of Quaternary age alluvial sediments. Based on published geologic

maps and geotechnical reports for other projects in the area, the Quaternary age materials are part

of the Gatuna Formation and consist of moderately cemented sand and gravel. The Gatuna

Formation materials are mantled with a thin veneer of eolian (wind blown sand).

4.3.2 Geologic Materials

The materials encountered in our geotechnical borings at the site consist of Quaternary age eolian

sand (wind-blown dune deposits) that is predominantly dry reddish brown silty sand. The upper

loose eolian deposits were generally encountered to depths of up to two feet below existing ground

surface in the exploratory borings. However, in areas where sand dunes have formed, the actual

depth of the eolian soils is likely more than 2 feet.

Quaternary age alluvial deposits of the Gatuna Formation underlie the eolian deposits. As

encountered in our borings, these alluvial deposits consist of dry, light yellow to reddish yellow,

dense to very dense sand and silty sand. The sand is fine- to medium-grained, slightly to

moderately cemented, and locally contains subangular to rounded gravel and caliche.

Dark red and purple, very hard high plasticity clay (claystone) of the Triassic age Chinle Formation

uncomformably underlies the dense Gatuna Formation materials. As encountered in our borings,

the Chinle Formation bedrock is at a depth of about 35 feet at the location of Boring B-2 and at a

depth of about 40 feet at the location of Borings B- 1, B-3, B4, and B-15. In Boring B-3, drilled to a

depth of approximately 100 feet beneath the existing ground surface, the very hard high plasticity

clay was encountered from a depth of 40 feet to the maximum depth drilled (100.5 feet).
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4.3.3 Ground-Water Conditions

Ground water was not encountered in the borings drilled at the site as part of our investigation.

Also, ground-water wells being drilled in the eastern portion of the site by others (at the same time

of our field investigation at the site) did not encounter water to a depth of about 220 feet

(maximum depth drilled at the time of our investigation).

Based on the information from geotechnical investigations for other projects in the immediate area,

the depth to ground water is greater than 150 feet in the general site vicinity. Ground water was

not encountered in exploratory borings drilled as part of an investigation east of the site (between

the site and the Texas border) within the 250-foot total depth explored (Weaver Boos & Gordon,

Inc., 1998). Also, piezometers installed for a project in Andrews County Texas (located

approximately '/2-mile east of the site) indicate that the depth to ground water ranged from

approximately 150 feet to 188 feet beneath the existing ground surface in January 1993 (Jack H.

Holt, Ph.D. & Associates Inc., 1993).

4.4 TECTONIC SETTING

4.4.1 General

The tectonic regions in the project area (and in the state of New Mexico) can be defined based on

historic seismicity and tectonic (structural) history. The project site is located within the

seismically stable Permian Basin. The Pernian Basin is defined by a broad subsurface structural

feature composed of a series of Paleozoic age (greater than 250 million years before present)

sedimentary basins whose last episodes of large-scale subsidence occurred during late Permian

time (about 250 million years before present). The structural relief of these basins now exists as

subsurface features buried beneath a thick sequence of younger, relatively undeformed sediments.

Relative structural stability has been maintained since Permian time within this region as indicated

by a lack of deep-seated, active faults within the post-Permian strata.

A prominent subsurface structural feature within the Permian Basin is the Central Basin Platfonn

(CBP). TFhe project site is located in the CBP where the top of the Permian deposits are

approximately 1,400 feet below the ground surface, where outside the limits of the CBP, the

Permian deposits are much deeper (Weaver Boos Consultants, Inc., 1998). The Permian deposits
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are primarily limestone and constitute the main reservoir rocks for the oil and gas fields in the

general area.

The Permian Basin is bounded on the west by a seismically active area known as the Rio Grande

Rift. The Rio Grande Rift is a major continental rift extending north-south through the state of

New Mexico from north of Taos to south of Las Cruces. The overwhelming majority of active

faults in New Mexico are located within the boundaries of the Rio Grande Rift.

The seisnmcally active Basin and Range province borders the western margin of the Rio Grande

Rift. This province is characterized by fault block mountain ranges commonly bounded by range

front normal faults separated by intervening valleys. The valleys are typically formed on structural

grabens overlain by valley fill sediments derived from the adjacent mountain blocks. Major

development of basin and range structures occurred from late Tertiary (5 million years before

present) to Pleistocene time (11,000 years before present) and continue into the present time. A

number of fault offsets of late Tertiary age along the western flanks of the Guadalupe, Delaware,

Sacramento and San Andres Mountains are observed within the Basin and Range physiographic

province in Trans-Pecos, Texas.

Leveling surveys between El Paso, Texas and Carlsbad, New Mexico and the historic seismic

record for the New Mexico and West Texas regions support the interpretation that current tectonic

activity is occurring in thie Rio Grande Rift and the Basin and Range province while the Permian

Basin (in which the site is located) remains stable and tectonically or seismically quiet.

4.4.2 Faults

The majority of Quaternary age faults within New Mexico are mapped along the north-south

trending Rio Grande Rift located approximately 180 miles west of the site.

According to Machette et a]. (1998), Quaternary age faults are not identified in New Mexico within

100 miles of the site. Quaternary age faults within 150 miles of the site include the Guadalupe

fault, located approximately 115 miles west of the site in New Mexico, and in Texas, the West

Delaware Mountains fault zone, East Sierra Diablo fault, East Flat Top Mountain fault, and the

East Baylor Mountain-Carrizo Mountain fault located 110 miles southwest, 120 miles southwest,

120 miles wesl-southwest, and 120 miles southwest of the site, respectively.
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4A.3 Seismicity

Current research indicates that the Rio Grande Rift and the adjacent Basin and Range tectonic

province are seismically active and the Permian Basin (in which the site is located) is considered to

be seismically quiet or inactive. As previously indicated. the overwhelming majority of active

faults in New Mexico are located within the boundaries of the Rio Grande Rift. The majority of

seismic activity reported in New Mexico for the period 1869 to 1998 is concentrated along the rift

(Sanford, Lin, Tsai, and Jaksha, 2002). However, even though the Penmdan Basii is considered

seismically inactive, there is a documented cluster of seismic activity in the Central Basin Platform

area since the mid-1960s (U. S. Department of Energy, 2003). In this area, the spatial distribution

of epicenters correlate with known locations of oil and natural gas fields and is believed to be

induced by production, secondary recovery, or waste injection activities within this natural gas and

petroleum province, rather than seismic sources (Sanford, Lin, Tsai, and Jaksha, 2002; U. S.

Department of Energy, 2003).

5.0 SUBSURFACE: CONDITIONS

Subsurface conditions were explored with five widely spaced borings drilled in general accordance

with the procedures presented in Appendix A. The boring locations were selected by Lockwood

Greene and boring depths were selected by MACTEC. The borings locations and elevations shown

on the Boring Location Plan (Figure 2) and the Soil Test Boring Records were surveyed by others

prior to the field exploration.

Subsurface conditions encountered at the boring locations are shown on the Soil Test Boring

Records in Appendix B. These Soil Test Boring Records represent our interpretation of the

subsurface conditions, based on the field logs and visual examination of the field samples by one of

our engineers. The lines designating the interfaces between various strata on the Soil Test Boring

Records represent the approximate interface locations.

The soil test borings drilled at this site typically encountered Quaternary age eolian and alluvial

silty sands underlain by Triassic age clays. A discussion of the origin of these materials is

presented in Section 4.0 of this report-

7



Proposed National Enrichmen: Facility Octwober 17, 2003
MACFEC Project 3043031049/0001

The upper eolian silty sand soils were encountered to a maximum depth of about two feet at the

soil test boring locations. These sandy soils were observed to be loose. I1 should be noted that in

areas where these soils have accumulated and formed dunes, the thickness of the eolian sands will

be more than two feet. Dunes having estimated heights of up to about eight feet were observed

during the field exploration. The upper approximately one foot of the eolian sands were observed

to have fine roots and various organic materials.

Silty sand soils of Quartenary age were encountered underlying the surficial eolian deposits. These

soils were classified as firm to very dense based upon their Standard Penetration Test (SPT)

resistance values which ranged from 20 to in excess of 100 blows per foot. Calcium carbonated

cementation was noted within this zone to a varying degree, with zones of cahiche encountered at

irregular intervals. Fine gravel was observed in some of the split-spoon samples from the soils

within this zone.

Triassic age high plasticity clays were encountered underlying the Quaternary age sands at depths

of 35 to 40 feet. These materials were classified as very hard based upon SPT resistance values

which ranged from 53 to in excess of 100 blows per foot. Each of the soil test borings drilled as

part of this project were terminated in the Triassic age clays at the predetermined depths.

6.0 GROUND-WATE R CONDITIONS

Ground water was not observed in the test borings at the time of drilling. Also, it was reported that

ground water was not encountered in borings drilled at the site by others for water well

development to depths of 220 feet. For safety reasons, the borings drilled as part of MACIEC's

scope of work were backfilled promptly after drilling; consequently, long-term measurements for

the presence or absence of ground water were not obtained.

Fluctuations in the ground-water level occur because of variations in rainfall, evaporation,

construction activity, surface run-off, and other site-specific factors. Given the proposed

preliminary excavation depths, we expect ground water will not present significant construction

problems for this project. The selected contractor should, however, be prepared to promptly

remove surface waters which could impact construction activities.
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7.0 PRELIMINARY FOUNDATION RECOMMENDATIONS

As previously noted, this exploration was for assistance in preliminary planning and design for the

proposed NEF facility. Five borings, with an average spacing of 1,700 feet, across the proposed

site for a project of this size are not sufficient to adequately define subsurface conditions for final

design purposes. While these borings do, in our professional opinion, provide a sound basis for

assistance in judging the feasibility of developing the site, there is insufficient information for

developing specific, final recommendations for site preparation and foundation type or types and

design parametcrs. The following information, therefore, should be considered as preliminary

recommendations, subject to refinement when additional project details are available so that a more

detailed program of borings and field or laboratory testing can be performed.

Assuming subsurface conditions encountered at the boring locations are representative of

subsurface conditions elsewhere on the site, subsurface conditions generally appear to be suitable

for the proposed construction supported on a system of shallow foundations. Footings bearing in

the firm and dense sandy soils below the upper loose eolian (wind deposited) soils may be

preliminarily designed for an allowable bearing pressure of 7,000 pounds per square foot (psf).

The upper loose eolian deposits were generally encountered to depths of up to two feet below

existing ground surface in the soil test borings. However, in areas where sand dunes have formed,

the actual depth of the eolian soils is likely more than two feet. If the eolian deposits are not

removed as a part of mass site grading, it will be necessary to extend the foundation excavations

into the underlying firm or better sandy soils to achieve the recommended preliminary allowable

bearing pressure and reduce the likelihood of excessive differential settlements; therefore, we

recommend that the upper eolian soils be removed during mass grading in structural areas.

The preliminary geotechnical and structural data available at this stage precludes performing rigorous

settlement analyses. However, based upon the available data, our preliminary analyses indicate that

spread footings bearing in the firm or better sands below the upper eolian soils as described above may

be preliminarily assumed to be subject to maximum total settlements of up to about one inch for

column loads of up to 1,300 kips. Under these circumstances, differential settlements may range up to

% of an inch between similarly loaded columns. Settlements between differentially loaded or closely

spaced columns would likely be more than the aforementioned values.

9



Proposed National En ricnzent Facility October 17. 2003

AM CTEC Project 304303104910)01

The behavior of a shallow foundation with respect to settlement is dependent upori a variety of factors.

The information provided herein is intended to demonstrate the feasibility of shallow foundation

support. Excessive differential settlement between adjacent columns, while uncommon in the firm or

better soils such as those encountered in the borings, can cause structural and architectural damage. A

more thorough exploration and analysis will be required to accurately estimate the range of expected

total and differential settlements which may be expected when project specifics have been developed.

8.0 PRELIMINARY SITE PREPARATION RE COMMENDATIONS

Existing vegetation, surficial organic containing soils and loose eolian sands should be stripped and

removed from the construction area. Typically, tile upper approximately one foot of the site soils

were observed to contain fine roots and limited organic materials. The eolian sands were

encountered to depths of about two feet at the soil test boring locations; however, sand dunes were

observed across the proposed building locations during the field exploration. These sand dunes are

likely composed of loose sands and should therefore be stripped from the site as part of mass

grading. Based upon our observations, sand dunes of up to eight feet in height will likely be

encountered during grading. We recommend that prior to the preparation of the final bid

documents, additional geotechnical exploration be performed to evaluate the depth to which the

upper loose eolian sands may be encountered, especially with regard to the dune areas.

Information regarding the use of the upper loose sands for use as new fill is presented in the

Engineered Fill section of this report.

After stripping the site and before placing new fill, we recommend the exposed subgrade in the

building and pavement areas be proofrolled to detect unsuitable soil conditions. Proofrolling

should be done after a suitable period of dry weather to avoid degrading an otherwise acceptable

subgrade. Proofrolling should be performed with a heavily-loaded dump truck or with similar

approved construction equipment. The proofrolling equipment should make at least four passes

over each section, with the last two passes perpendicular to the first two.

We recommend the exposed subgrade and proofrolling operation be observed and documented by

our personnel. If unstable conditions are encountered at the subgrade level, our geotechnical

engineer will make appropriate recommendations to the owner's representative for dealing with the

conditions.
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Earth moving; selective borrowing and soil compaction will be required to achieve the final grades

proposed for this project. Contractors bidding on this work should be supplied with this

preliminary geotechnical information as well as supplemental exploration results because bids

based on such data are generally more competitive, time schedules are more accurate and potential

cost overruns are smaller as a result. Typical information required for grading operations would

require further refinement of the items listed below in relationship to the selected site surface

elevations:

* Classification tests to identify soil type

* Existing soil moisture contents to plan moisture content control measures

• Additional compaction tests to determine the maximum dry density and
optimum moisture content for verifying the adequacy of compaction
operations

* Evaluation of the compaction test results and recommendations of proper
compaction procedures such as lift thickness, proper equipment types,
moisture content control measures, etc.

* Further delineation of the stratification of materials to be excavated

9.0 DIFFICULT EXCAVATION

Construction of the proposed NEF will require excavation of the existing site soils to get within (he

range of the preliminary finished floor at about Elev. 3,414 feet. Based upon the limited number of

borings performed for the preliminary exploration, much of these materials may be removed using

conventional earthmoving equipment. However, zones of very dense soils and caliche were

encountered above the proposed finished floor elevation. Therefore, such materials will likely be

encountered during site grading. Heavy excavating equipment with ripping tools could be required

to remove much of these materials. Materials sufficiently hard to cause refusal to the power auger

equipment used to drill the borings were not encountered during the preliminary exploration.

Typically, there is no sharp transition between uncemented and cemented soils in geologic settings

such as this site. The caliche encountered during this exploration could be penetrated by the

mechanical auger used to drill the borings and can likely be excavated without blasting. It is,

however, often difficult to excavate these materials without the use of specialized equipment or

blasting, especially if harder or more extensive zones of caliche are encountered during site

grading. The excavation of very dense soils or ealiche in confined excavations, such as for shallow
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foundations or utilities, is often extremely difficult. The ease of excavation depends on the quality

of the grading equipment, skill of the equipment operators, and geologic structure of the material to

be excavated. Materials that cannot be penetrated by the mechanical auger often require blasting

prior to removal.

10.0 PRELIMINARY SEISMIC CONSIDERATIONS

10.1 SITE COEFFICIENT AND SEISMIC ZONATION

The site coefficient, S, for seismic design of the proposed buildings can be determined as

established in the Earthquake Regulations under Section 1629 of the Uniform Building Code

(UBC) 1997 edition. Based on Figure 16-2 of the 1997 UJBC, the site is located within Seismic

Zone 1. In addition, based on our review of the site soil conditions as encountered in our borings

and local geology, the Soil Profile Type may be assumed to be Type Sc as defined in Table 16-i of

the 1997 UBC.

10.2 LIQUEFACTION

Liquefaction potential is greatest where the ground-water level is shallow, and submerged loose,

fine sands occur within a depth of about 50 feet or less. Liquefaction potential decreases as grain

size and clay and gravel content increase. As ground acceleration and shaking duration increase

during an earthquake, liquefaction potential increases.

Ground water was not encountered in our borings drilled to a maximum depth of 100 feet below

the ground surface. In addition, it was reported that a boring on the site drilled for water well

development did not encounter water at a depth of 220 feet. Also, the soils at the site were dense to

very dense. The absence of ground water near the surface would make the potential for

liquefaction remote.
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11.0 COMPACTED FILL RECONMMENDATIONS

We recommend compacted fill be constructed by spreading acceptable soil in loose layers not more

than 8 inches thick. The soils used within the proposed construction areas should be compacted in

lifts to at least 95 percent of the modified Proctor maximum dry density (ASTM D 1557). The

upper 24 inches of fill beneath pavements and upper 12 inches beneath grade slabs should be

compacted to at least 98 percent of the modified Proctor maximum dry density.

As a general rule, the moisture content of the fill soils compacted to 95 percent of the modified

Proctor density should be maintained within +3 to -3 percentage points of the optimum moisture

content as determined from the compaction test. This provision may require the contractor to dry

soils during periods of wet weather or to wet soils during warm or dry periods. The fill soils

should have a plasticity index (PI) of less than 15, and a maximum dry density of no less than 90

pounds per cubic foot (pcf).

A sample of potential borrow material was collected from Borings B-3 and B4 and tested to

determine the maximum dry density, optimum moisture content, natural moisture content, and PI.

These tests are used to determine if the soil is suitable for use as engineered fill.

The laboratory test data indicate potential on-site borrow soils are typically dryer than the optimum

moisture content. Since some of the natural moistures are substantially less than optimum moisture

content, the contractor should anticipate wetting of the borrow soils will likely be required to

achieve adequate compaction. Our laboratory test data also indicate the potential on-site borrow

soils have maximum dry densities and PI values within the recommended ranges. In our opinion,

the laboratory data indicate the potential on-site borrow soils are suitable for use as compacted fill.

Additional testing should be performed to verify the suitability of the proposed borrow materials

prior to final design or the initiation of site grading. The results of the laboratory tests along with a

description of the test procedures are provided in Appendix C.

If calcium carbonate cemented soils (caliche) are to be used as engineered fill, it is imperative this

material be reduced to particles having a maximum dimension of six inches by the excavation and

compaction equipmint. Sufficient quantities of soil should be mixed with these materials such that

voids do not result between the pieces of caliche and so that the fill meets compaction

requirements.
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The upper eolian sands removed as part of site stripping arc likely suitable for use as engineered fill

provided the organic content of these materials is within an acceptable range. It is our preliminary

recommendation that soils having an organic content of less than two percent, when subject to

organic loss on ignition testing, are suitable for use as engineered fill. The upper approximately

one foot of the eolian sands were observed to contain fine roots and organic materials. The upper

eolian sands are likely to have in-situ moisture contents well below the materials optimum moisture

content and the addition of water will be necessary to achieve the reconmmended degree of

compaction.

12.0 CORROSION POTEI;NTIAL

Corrosion is a major factor in reducing the service life of metal and concrete structures within the

soil. Therefore, measuring the corrosion potential of soils is an important consideration when

designing or selecting protective measures for buried structures or potions of structures.

There are several measurable soil properties which may be used to estimate the potential

corrosiveness of a soil. These properties include resistivity, pH, chloride concentration, and sulfide

content. Resistivity and pH are the two soil properties which have the greatest influence on

underground corrosion and are relatively easily measured.

The electrical resistivity of a soil is measured in the laboratory by immersing the probe of a

conductivity meter into a prepared slurry of soil sample and deionized water. Split-spoon samples

from the depths of 5 and 10 feet were combined and tested from Borings B-2 and B4. The measured

resistivity of these samples was 7,400 and 2,100 ohm-centimeters for the samples from Borings B-2

and B4, respectively.

The pH of a soil is a measure of the hydrogen-ion concentration and indicates the intensity of acidity

or alkalinity of a soil. A pH value of 7 indicates neutrality; higher values, alkalinity; lower values,

acidity. Soil pH values were determined by immersing the probe of a pH meter into a prepared slurry

of soil sample and deionized water. The pH values were 7.99 and 7.93 for the samples from Borings

B-2 and B4, respectively.

Based upon published information, the measured pH and resistivity values place the site soils in the

non-corrosive to questionable range for corrosion potential.
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As the sample from Boring B4 fell within the questionable range, we recommend further evaluation

of the potential for corrosion. This evaluation will likely include additional pH and resistivity tests,

as well as testing of the soil's sulfide and chloride concentration. Measures such as special coatings

or cathodic protection for buried steel structures or the use of admixtures or chemically resistant

cement for concrete protection may be required depending upon the results of such testing.

13.0 PRELIMINARY PERCOLATION RATE

Percolation testing was conducted at the proposed NEF site in general accordance with the

procedures presented in Title 20, Chapter 7, Part 3 of the New Mexico Administrative Code

(NMAC). Percolation testing was performed at locations approximately 25 and 75 feet east of soil

test Boring B4. The test holes were each drilled to depths of about 10 feet below existing ground

surface in the silty sand soils such as those encountered in the upper portion of the subsurface

profile across the site. Each hole was filled with water to a depth of about I /2 feet below existing

ground surface; therefore, the upper loose eolian sands are not represented in the percolation test

results.

The measured percolation rates for the two test locations were 6.7 and 10.0 minutes per inch.

Averaging the two test results, as is suggested in the NMAC, the percolation rate of 8.4 minutes per

inch is recommended for the preliminary design of systems leaching into materials similar to those

tested. Additional percolation testing should be perfonned once information concerning specific

drain field locations and elevations has been developed.

14.0 PRELIMINARY CALIFORNIA BEARING RATIO INFORMATION

Two remolded CBR tests were performed on bulk soil samples collected from auger cuttings. The

samples were obtained from the depths of 5 to 10 feet in Boring B-3 and from ground surface to 15

feet in Boring B-4. Since the as-molded densities and moisture contents differed somewhat from

the targeted values, interpolation and extrapolation of the CBR data were required to estimate the

CBR values at 95 percent of the modified Proctor maximum dry density at optimum moisture

content. The CBR test results are attached in Appendix C.

The CBR values corresponding to 95 percent of the modified Proctor maximum dry density at

optimum moisture were estimated to be 34.4 and 10.5 for the samples from B-3 and B4,

respectively. We recommend the lower CBR value of 10.5 for use in preliminary design purposes.
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Additional testing should be performed to evaluate the CBR values of proposed fill soils prior to

the completion of the final design.

15.0 RECOMMENDED ADDITIONAL GEOTE CIINICAL EXPLORATION

This exploration is preliminary in nature and should be used for general site planning and

feasibility evaluation only. Due to the relatively limited information available at this preliminary

stage of the project, preparation of a complete report of geotechnical study with specific

recommendations for foundation design and site preparation will require significant supplemental

exploration and analysis. Project details and performance criteria should, however, be initially

further developed. As project details are developed, additional exploration, field and laboratory

testing, and engineering analysis will be required. Additional field testing may include items such

as more soil test borings, the collection of relatively undisturbed and disturbed samples, and

possibly in-situ testing. Additional laboratory testing may include triaxial shear tests, consolidation

tests, direct shear tests, grain size testing, unit weight, Atterberg limits, moisture content and

compaction tests. Field resistivity testing may be used in conjunction with laboratory pH, chloride

content, and sulfate tests to further evaluate the corrosion potential of the site soils. The

geotechnical engineer should be retained to consult with the designer during design development,

design and construction phases to be sure that the recommendations are properly interpreted and

further developed as necessary.

16.0 BASIS OF RECOMMENDATIONS

The preliminary recommendations provided herein are based on the subsurface conditions and on

project information provided to us; they apply only to the specific project and site discussed in this

report. If the project information section in this report contains incorrect information or if

additional information becomes available, you should convey the corrected or additional

information to us and retain us to review our recommendations. We will then modify them if the

new information has rendered them inappropriate for the proposed project. As mentioned

previously, additional exploration and analysis along with interaction of the design team will be

required to develop final recommendations for foundation design and site preparation.

Our exploration services include storing the collected samples and making them available for

inspection for a period of 30 days. The samples are then discarded unless you request otherwise.
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FIELD EXPLORATORY PROCEDURES

Soil Test Boring (Hollow Stem)

Soil test borings and sampling operations were conducted in general accordance with

ASTM D 1586. The borings were advanced by mechanically turning continuous steel hollow-stem

auger flights into the ground. At regular intervals, soil samples were obtained with a standard 1.4-

inch l.D., 2-inch O.D., split-tube sampler. The sampler was first seated 6 inches to penetrate any

loose cuttings and then driven an additional foot with blows of a 140-pound hammer falling 30

inches. The number of hammer blows required to drive the sampler the final foot of penetration

was recorded and is designated the 'standard penetration test (SPT) resistance." Proper evaluation

of the penetration resistance provides an index to the soil's strength, density, and ability to support

foundations.

Representative portions of the soil samples obtained from the split-tube sampler were examined by

our engineer to assign manual soil classifications. Representative portions of the split-spoon

samples were then placed in containers and shipped to our laboratory. Test Boring Records are

attached, graphically showing the soil descriptions and penetration resistances.

Boring Backfill

The borings were backfilled shortly after drilling for safety purposes. We backfilled the borings

with auger cuttings to the ground surface.

You are advised that, even with this backfill technique, there is the possibility of future borehole

subsidence depending on actual subsurface conditions, surface drainage, etc. The property owner

should monitor the boring locations over time to discover subsidence and make any necessary

repairs.

Bulk Samples

Bulk samples of several soil types obtained at various elevations were collected for testing to

determine the suitability of soil for reuse as engineered fill, its maximum dry density and CBR

value.
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Undisturbed Sampling

The relatively undisturbed samples were obtained by pushing a section of 3-inch O.D., 16-gauge

steel tubing into the soil at the desired sampling level. The sampling procedure is described by

ASTM D-1587. The tube, together with the encased soils, was carefully removed from (he ground,

made airtight, and transported to our laboratory.
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KEY TO SYMBOLS AND DESCRIPTIONS

SOIL TFST BORING RECORDS
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LABORATORY TEST PROCEDURES

Atterberg Limits

Originally, the Atterberg Limits consisted of seven "limits of consistency" of fine-grained soils. In

current engineering visage, the term usually refers only to the liquid limit (LL) and plastic limit

(PL). The LL (between the liquid and plastic states) is the water content at which a trapezoidal

groove of specified shape, cut in moist soil held in a special cup, is closed after 25 taps on a hard

rubber plate. The PL (between plastic and semi-solid states) is the water content at which the soil

crumbles when rolled into threads of 1/8 inch in diameter.

The LL has been found to be proportional to the compressibility of the normally consolidated soil.

The Pi is the calculated difference in water contents between the LL, and the PL. Together the LL

and Pi are used to classify silts and clays according to the Unified Soil Classification System

(ASTM D 2487). The PI is used to predict the potential for volume changes in confined soils

beneath foundations or grade slabs. The LL, PL, and PI are determined in accordance with ASTM

D 4318.

Moisture Content

The moisture content in a given mass of soil is the ratio, expressed as a percentage, of the weight of

the water lo the weight of the solid particles. This test was conducted in accordance with

ASTM D 2216.

Grain Size Distribution

Grain Size Tests are performed to aid in determining the soil classification and the grain size

distribution. The soil samples are prepared for testing according to ASTM D 421 (dry preparation) or

ASTM D 2217 (wet preparation). If only the grain size distribution of soils coarser than a number 200

sieve (0.074-mm opening) is desired, the grain size distribution is determined by washing the sample

over a number 200 sieve and, after drying, passing the samples through a standard set of nested sieves.

If the grain size distribution of the soils finer than the number 200 sieve is also desired, the grain size

distribution of the soils coarser than the number 10 sieve is determined by passing the sample through

a set of nested sieves. Materials passing the number 10 sieve are dispersed with a dispersing agent and

C-I
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suspended in water, and the grain size distribution calculated from the measured settlemcnt rate of the

particles. These tests are conducted in accordance with ASTM D 422.

Compaction Tests (Moisture-Density Relationshil)

Compaction tests are performed on representative soil samples to determine the maximum dry density

and optimum moisture content. The results of the tests are used in conjunction with other tests to

deternine engineering properties relating to settlement, bearing capacity, shear strength, and

permeability. The results may also be used as a standard to detenninc the percent compaction of any

soil embankment.

The two most commonly used compaction tests are the standard Proctor test and the modified Proctor

test. They are performed in accordance with ASTM D 698 and D 1557, respectively. Generally, the

standard Proctor compaction test is run on samples from building areas and areas where moderate

loads are anticipated. The modified Proctor compaction test is generally used for analyses of highways

and other areas where large building loads are expected. Both tests have three procedures, depending

upon soil particle size:

.- Screen Size: 7?ubi

.'. ' mmer Hammer M-old< - material Ntmihr of -Blws er -E

Test ;,Procedure -Weight Fall Dineter F linrTian) Layer er

Standard A 5.5 lb. 12" 4" No. 4 sieve 3 25

(D 698) B 5.5 lb. 12" 4" No. 3/8" sieve 3 25

C 5.5 lb. 12" 6" 3/4" sieve 3 56

Modified A 10 lb. 18" 4" No. 4 sieve 5 25

(D 1557) B 10 lb. 18" 4" No. 3/8" sieve 5 25

C 10 lb. 18" 6" 3/4" sieve 5 56

Test results are presented as a curve depicting dry unit weight versus moisture content. The

compaction method used and any deviations from the recommended procedures arc noted in the

report.

C-2
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Laboratory California Bearing Ratio Tests

The results of the compaction test are utilized in compacting the test sample to the desired density

and moisture content for the laboratory California Bearing Ratio test. The California Bearing

Ratio, generally abbreviated CBR, is a punching shear test and is a comparative measure of the

shearing resistance of a soil. It provides data that is a semi-empirical index of the strength and

deflection characteristics of a soil that has been correlated with pavement performance to establish

design curves. The CBR is used with empirical curves to design pavement structures.

A laboratory CBR test is conducted according to ASTM D 1883. A representative sample is

compacted to a specified density at a specified moisture content. The test is performed on a 6-inch

diameter, 4.585-inch-thick disc of compacted soil that is confined in a steel cylindrical mold. The

sample is compacted in accordance with Method B or D of ASTM D 698 or D 1557. These

compaction procedures are outlined in this report in the section on compaction tests.

CBR tests may be run on the compacted samples in either soaked or unsoaked conditions. During

testing, a piston approximately 2 inches in diameter is forced into the soil sample at the rate of 0.05

inches per minute to a depth of 0.5 inches to determine the resistance to penetration. The CBR is

the percentage of the load it takes to penetrate the soil to a 0.1-inch depth compared to the load it

takes to penetrate a standard crushed stone to the same depth.
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MOISTURE-DENSITY RELATIONSHIP TEST
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TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 122.9 pcf Brown silty sand

Optimum moisture = 10.8 %

Project No.: 3043031049.0001 Remarks:

Project: NEF Lea County. New Mexico Sample Number 2837

Location: Boring B-3 Bulk NT- No Test

DNS- Data Not Submitted

Dote: October 13. 2003

MOISTURE-DENSITY RELATIONSHIP TEST

LAW ENGINEERING AND ENVIRONMENTAL SERVICES. INC. Fig. No. 2837



MOISTURE-DENSITY RELATIONSHIP TEST
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TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 122.8 pcf Tan silty sand

Optimum moisture = 9.6 %

Project No.: 3043031049.0001 Remarks:

Project: NEF Lea County, New Mexico Sample Number 2836

Location: Boring B-4 , 0-7' and 7-15' combined NT- No Test

Bulk Sample DNS- Data Not Submitted

Date: October 13. 2003

MOISTURE-DENSITY RELATIONSHIP TEST

LAW ENGINEERING AND ENVIRONMENTAL SERVICES. INC. Fig. No. 2836



BEARING RATIO TEST REPORT
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soaked samples.
BEARING RATIO TEST REPORT

LAW ENGINEERING AND ENVIRONUENTAL SERVICES. INC. Fig. No.: 2837



BEARING RATIO TEST REPORT
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Location: Boring E-4. 0-7' & 7-15' combined Bulk ASTM D 1557-02 B /
Sample Number 2836

Date: October 13.2003 Penetration on
soaked samples.

BEARING RATIO TEST REPORT

LAW EINGINEERING AND ENVIRONUENTAL SERVICES . INC. Fi g. No.: 2836
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The copy of this report (C0I, 2004) was provided to AREVA by WCS.
It is missing copies of several figures, all appendices, and one plate, as follows:

* Figures 6.5-1 through 6.6-7
* Appendices 6.2-1 through 6.6-7
* Plate 6.2-1
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GEOLOGY REPORT INTRODUCTION

The Waste Control Specialists LLC (WCS) facility in northwestern Andrews County was

permitted in 1994 as a Class I hazardous waste landfill pursuant to 40 CFR Part 270, 30 TAC

Chapter 305 (C) and (D) and 30 TAC Chapter 335.

The WCS site is located at the southwestern edge of the Southern High Plains, approximately

30 miles northwest of the City of Andrews (Figure 6.0-1). The WCS facility including the existing

landfill, the RCRA permitted area, and the Flying W Ranch is shown on Figure 6.0-2. This part

of Andrews County is a gently southeastward sloping plain with a natural slope of about 8 to 10

feet per mile. The immediate landfill vicinity is underlain primarily by the Late

Tertiary/Quatemary-aged pedogenic Caprock caliche that overlies all pre-Quatemary strata in

the High Plains. Quatemary Blackwater Draw eolian sands and younger windblown sands

overlie the Caprock caliche in the northern and southern parts of the permitted area. Below the

Caprock caliche are sands and sandstones that have been variously ascribed to the Tertiary

Ogallala Formation, the Tertiary-aged sections of the Gatuna Formation, and the Cretaceous

Antlers Formation. The sands and sandstones underlying the Caprock caliche are situated in

the same stratigraphic interval and hydrogeologically they represent a single hydrostratigraphic

unit overlying the Triassic red beds, the distinctive red and purple mudstones, siltstones and

sandstones of the Triassic Dockum Group. The undifferentiated sands and sandstones of the

OgallalalAntlers/Gatuna Formations underlying the Caprock cariche and overlying the Dockum

Group are herein referred to as the OAG hydrostratigraphic unit, or simply the OAG unit.

The WCS facility is located over a geologic feature referred to as the red bed ridge. The red

bed ridge is a prominent buried ridge developed on the upper surface of the Triassic Dockum

Group. The Dockum Group red beds are present beneath the entire WCS facility at depths

ranging from about 8 feet over the crest of the red bed ridge to about 60 to 70 feet on the

northern and southern boundaries of the permitted area. The lower part of the WCS landfill

excavation lies within the upper 40 to 60 feet of the Dockum Group.

The OAG unit, which overlies the Dockum Group, is largely unsaturated over the crest of the red

bed ridge beneath the WCS permitted area. The OAG unit is saturated to the northwest and
east of the WCS permitted area including the extreme east central portion of the permitted area.
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The Dockum Group is over 1,000 feet thick beneath the WCS facility. The first potential

transmissive zones in the Dockum Group beneath the facility are discontinuous

sandstoneslsiltstones at depths of up to 125 feet; however this zone has never yielded

groundwater to monitor wells completed in the zone. Five monitor wells completed in the 125

foot zone have been dry since installation in 1996 and 1998. The next potential transmissive

zone is a discontinuous sandstonelsiltstone at a depth of about 180 feet. The uppermost

continuous transmissive zone, which is the water bearing zone in which the facility's upgradient

and downgradient monitor wells are screened, is a laterally continuous 10 to 30 foot thick

sandstone/siftstone at a depth of about 225 feet. This unit is saturated and has very low

permeability. The non-potable water supply for the WCGS facility is obtained from the sandstone

sections of the lower Dockum Group Santa Rosa Formation at a depth of about 1,140 to 1,400

feet below ground surface. A secondary supply is obtained from the lower Dockum Group

Trujillo Formation sandstone at a depth of about 600 to 700 feet below ground surface. Potable

water for the WCS facility is obtained by pipeline from Eunice, New Mexico.
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1.0 REGIONAL PHYSIOGRAPHY AND TOPOGRAPHY

The WCS facility is located in west Texas, which lies within the southern portion of the North

American Great Plains Physiographic Province. The site is situated in northwest Andrews

County on the southwestern edge of the Southern High Plains, or the Llano Estacado (Figure

6.1-1). The Southern High Plains is an elevated area of undulating plains with low relief

encompassing a large area of west Texas and eastern New Mexico. It is bounded on the north

by the southern escarpment of the Canadian River and on the east by the Caprock escarpment

developed by the headward erosion of the upper tributaries of the Colorado, Brazos and Red

Rivers. The western boundary is the Mescalero Ridge escarpment of the Pecos River valley.

The southern boundary, which is not distinctly defined, blends into the Edwards Plateau. The

Basin and Range Physiographic Province lies to the west of the Southern High Plains, and the

Rolling Plains Physiographic Province lies to the east. The regional topographic slope is toward

the southeast at about 8 to 10 feet per mile.

Mescalero Ridge, which defines the western edge of the Southern High Plains, is

topographically expressed about 15 miles to the northwest of the site in western Lea County,

New Mexico. The ridge is a nearly perpendicular cliff facing southwest with a relief of 100 to

150 feet

The nearest surface water drainage feature to the WCS facility is Monument Draw in Lea

County, New Mexico, a reasonably well-defined, southward-draining draw about 3 miles west of

the WCS site. The draw does not have through-going drainage and loses surface expression

after it enters Winkler County, Texas. (Note: there are two surface drainage features named

Monument Draw in the vicinity: Monument Draw, New Mexico, a south-flowing ephemeral

stream in Lea County, New Mexico, and Monument Draw, Texas (same name), an east-flowing

ephemeral stream in Andrews County. Texas). East of Monument Draw, New Mexico and

south of the WCS facility is a local topographic high known as Rattlesnake Ridge. This poorly

defined ridge parallels the Texas-New Mexico border and crests about 125 feet higher than

Monument Draw, New Mexico (Nicholson and Clebsch, 1961).

The WCS permitted area is on the southwestern slope of the drainage divide between the

Pecos River and the Colorado River. In the immediate vicinity of the WCS permitted area, the
WCSFINALW03063%RENEWAL APPLICATIONS . .1 REVISION 0
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slope is southwest toward Monument Draw, New Mexico at about 50 feet per mile. The

maximum and minimum elevations of the permitted area are about 3490 feet and 3415 feet msl,

respectively.

Small surface depressions (buffalo wallows) and a few established playa basins are present

within a 6.2-mile radius of the WCS facility. The largest of the surface depressions within the

permitted area is a small playa about 15 acres in size approximately one-half mile northeast of

the existing- landfill. Remnant deposits of a filled and now partially covered playa or salt lake

basin are found about 2.5 miles east of the permitted area. Surface drainage from the area

north and east of the WCS facility flows eastward into this basin.

Local topographic features outside the permitted area include Baker Spring to the west, small

depressions or solution pans between Baker Spring and the permitted area, and a spring about

3 miles to the east on the western side of the partially covered playa or salt lake basin.

Baker Spring is located in Lea County, New Mexico, about 1925 feet west of the permitted area.

Two surface draws empty into the Baker Spring depression. As discussed in Section 5.0 (Site

Subsurface Soils Investigation), Baker Spring is the site of a former quarry area.

Brune (1981) indicates a historical spring (Scratch Spring) about 3 miles east of the permitted

area, on the western side of the partially covered playa or salt lake basin. According to Brune

(1981), the spring was dry in 1923 although the depression was reported to have water. The

three small depressions, or solution pans, west of the permitted area are included in the

discussion of local depressions in Section 4.3.1.3.

Other land uses within a few miles of the WCS facility include agricultural farming and ranching,

drill sites for oil and gas wells (Railroad Commission records for an oil well located near the

southwest comer of the permitted area hidicate the well was completed in 1991, with the last

recorded production in 1993); quarrying operations; and the surface recovery and land farming

of oil field wastes. Surface quarrying of caliche, sand and gravel is conducted in New Mexico,

approximately one mile west of the WCS landfill site. The oil field waste recovery facility is

WCSINAL%03063%RENEWAL APPLICATION%
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adjacent to this quarry. The Lea County, New Mexico municipal solid waste landfill is located

adjacent to the state line to the immediate south and west of the WCS facility.
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2.0 REGIONAL GEOLOGY

This section discusses the regional geology from ground surface to a depth of approximately

1400 feet. which includes the lowermost underground source of drinking water (USDVV). The

geologic deposits in the vicinity of the WCS facility have been mapped and evaluated in detail

by Dr. T. M. Lehman and Dr. K. Rainwater in a recent report to the Andrews Industrial

Foundation (Appendix 6.2-1). The evaluation in Appendix 6.2-1 is utilized to some extent in the

following discussion of the regional geology. The Hobbs Sheet of the Geologic Atlas of Texas

showing the area surrounding the proposed WCS landfill site is provided as Plate 6.2-1. Two

regional cross sections developed by Terra Dynamics (1993) using oil and gas well logs are

provided as Plate 6.2-2 and Plate 6.2-3. The locations of the cross sections are shown on

Figure 6.2-1.

The geologic formations in the vicinity of the WCS facility comprise, from oldest to youngest, the

Triassic Dockum Group, the Cretaceous Trinity Group Antlers Formation, the Late Tertiary

Ogallala Formation, the Late Tertiary/Quatemary Gatuna Formation or Cenozoic Basin Fill, the

Pleistocene windblown sand of the Blackwater Draw Formation, and Holocene windblown sands

and playa deposits. A regional hard caliche, termed the Caprock caliche, developed on all pre-

Quatemary formations before the Blackwater Draw windblown sands were deposited.

A stratigraphic column for the above units is provided in Figure 6.2-2. This stratigraphic column

adopts the nomenclature of Lehman (1994a, 1994b) for the Dockum Group and includes the

entire stratigraphic sequence typical of the Central Basin Platform of the west Texas Permian

Basin (Bebout and Meador, 1985).

2.1 TRIASSIC DOCKUM GROUP

The Triassic Dockum Group disconformably overlies the Permian stratigraphic sequence within

the region. The Dockum Group consists of five formations; the lowermost is the Santa Rosa

Formation, foflowed by the Tecovas, the Trujillo, the Cooper Canyon, and the Redonda

Formations. Only the Santa Rosa, Tecovas, Trujillo and Cooper Canyon Formations are

present in the vicinity of the WCS facility. The Dockum Group consists of a series of fluvial and

lacustrine mudstone, siltstone, sandstone, and silty dolomite deposits (McGowen et al., 1979),
WCSWFINAL063MRENEWAL APPICATIONI 2-1 REVISION 0
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which range up to approximately 1400 feet thick in the area of the Central Basin Platform.

These sediments accumulated in a variety of continental depositional settings, including braided

and meandering streams, alluvial fan deltas, lacustrine deltas, lacustrine systems, and mud flats

(McGowen et al., 1979).

Figure 6.2-3 shows the inferred paleogeographic setting that existed during the deposition of the

Dockum Group. McGowen et al. (1979) interpret that the Dockum Group accumulated in an

inland fluvial-lacustrine basin. The terrigenous clastics of the Dockum Group deposited in the

Permian Basin area were mainly derived from older sedimentary rocks that accumulated in

Texas and New Mexico. In southeastern New Mexico and the Andrews County, Texas area,

the sediments were derived from upland source areas to the south and west

The lowermost part of the Dockum Group is the Santa Rosa Formation sandstone, which is

about 200 to 250 feet thick. The Santa Rosa Formation comprises a lower sandstone member,

a middle sandstone member, a middle shale member and an upper sandstone member

(McGowen et al., 1979). The lower sandstone member, comprising 70 to 80 feet of medium-to

fine-grained sandstone and some conglomerates, is characterized by overlapping thin, relatively

broad, channel-fill sandstone bodies, which were deposited in an alluvial fan or a fan-delta

system. The middle sandstone member is a coarse-grained meanderbelt sequence (McGowen

and Garner, 1970; Levey, 1976, as referenced by McGowen et al., 1979) about 75 to 80 feet in

thickness. The shale member overlying the middle sandstone is an olive-gray lacustrine

claystone with plant material, and siltstone and sandstone lenses with a total thickness of about

75 feet The upper sandstone is about 20 feet of very fine-grained sandstone overlain by about

10 feet of trough-fill, fine to medium-grained sandstone.

The Santa Rosa Formation sandstone is the lowermost formation used as a groundwater

source in the area. The Santa Rosa sandstone yields brackish water from a depth of about

1,140 to 1,400 feet below ground surface from the central water supply well located between the

ranch house immediately east of the WCS facility and the permitted landfill (Plate 6.2-2; the

central well is named Great Western Drig. Scratch Royalty # 1-A).
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The Tecovas Formation consists primarily of lacustrine claystone and siftstones between the

Santa Rosa Formation sandstone and the Trujillo Formation sandstone. The Tecovas

Formation is about 400 to 500 feet thick in the WCS area (Plates 6.2-2 and 6.2-3).

The middle sandstone of the Dockum Group is the Trujillo Formation sandstone. The Trujillo

Formation is a fine-grained sandstone that is typically gray or greenish-gray in unweathered

section. The Trujillo Formation Sandstone occurs at a depth of about 600 feet in the WCS area

(see cross sections on Plates 6.2-2 and 6.2-3) and is about 100 feet thick.

Overlying the Trujillo Formation sandstone are the red or purple shales and siltstones of the

Cooper Canyon Formation. The Cooper Canyon Forrnation has been historically referred to as

the Chinle Formation in the Southern High Plains region (Appendix 6.2-1); however, the

geologic evaluation by Texas Tech University provided in Appendix 6.2-1 indicates that the

correct name for this unit is the Cooper Canyon Formation. There may be instances herein or

elsewhere where Chinle is used instead of Cooper Canyon. For clarity, where this report uses

the term Triassic red beds, red beds, or Chinle, the referenced formation is the Cooper Canyon

Formation of the Dockum Group. The Cooper Canyon Formation has a thickness of the order

of 500 feet in the WCS vicinity..

The Dockum Group is disconformably overlain in some areas of the Southern High Plains by

Cretaceous rocks and in other areas by the Tertiary Ogallala Formation or the

Tertiary/Quatemary Gatuna Formation. The Jurassic Period is not represented in the

stratigraphic section of the area.

2.2 CRETACEOUS FORMATIONS

Cretaceous rocks were deposited in a shallow sea throughout the Texas Panhandle and

eastern New Mexico (Nativ and Gutierrez, 1988). The entire Cretaceous stratigraphic section in

this area comprises, from oldest to youngest, the Antlers, Walnut, Comanche Peak, Edwards,

Kiamichi, and Duck Creek Formations (Appendix 6.2-1, Nativ and Gutierrez, 1988). The

Walnut, Comanche Peak, Edwards, Kiamichi, and Duck Creek Formations are shown as the

Fredricksburg Group on the Hobbs Geologic map sheet (Plate 6.2-1). The Comanche Peak
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Formation is also mapped as the Fort Terrett Formation on the Hobbs sheeL The Cretaceous

rocks dip southeastward at about 7 to 8 feet per mile (Nativ and Gutierrez, 1988).

The Cretaceous section thins and is absent in western Andrews County and southern Gaines

County as shown on Figure 6.2-4 (Nativ and Gutierrez, 1988). However, Barnes (1976)

indicates minor outcrops of the Cretaceous Fort Terreft (Comanche Peak) and Antlers

Formations at Whalen Lake and Shafter Lake, 16 and 24 miles, respectively, east-southeast of

the WCS facility, and in New Mexico about 1 mile west of the WCS facility (Plate 6.2-1).

Lehman and Rainwater (Appendix 6.2-1) also indicate that a thick bed of limestone exposed in

the floor of a gravel pit about one mile southeast of the permitted area is likely the Comanche

Peak Formation. Lehman and Rainwater also determined that only the basal Cretaceous unit,

the Antlers Formation, is present in the immediate vicinity of the WCS facility.

The Antlers Formation is the basal sand unit of the Cretaceous section in the Southern High

Plains region. It is also referred to informally and in older literature as the Antlers Sand(stone),

the Trinity Sand(stone), or the Paluxy Sand(stone). The Antlers Formation is a weakly

cemented, fine- to medium-grained quartz sandstone and chert-pebble conglomerate.

Regionally, the thickness of the Antlers Formation is considered to range from 0 to 60 feet

(Fallin, 1989). The thickest areas occur in several linear belts trending southeastward, which

represent filled channels that had been cut into the underlying Triassic red beds (Fallin, 1989).

The Antlers Formation occurs as a buried erosional remnant along the crest of the red bed ridge

underlying the WCS facility. Within 1 to 2 miles of the WCS facility, the Antlers Formation has a

maximum thickness of 72 feet (Figure 6.2-5). Immediately below the permitted area, the Antlers

Formation ranges in thickness from 0 feet in the southwest corner to about 20 feet in the area of

the existing landfill.

2.3 TERTIARY OGALLALA FORMATION

The late Tertiary Ogallala Formation consists of fluviatile sand, silt, clay, and gravel capped by

catiche (Barnes, 1976). The regional distribution of the Ogallala Formation and Ogallala aquifer

has been the subject of considerable research and has been reviewed by numerous authors

(e.g. Gustavson, 1996, Blandford et al., 2003). The sand deposits of the Ogallala Formation
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consist of fine- to medium-grained quartz grains that are unconsolidated to weakly cohesive with

localized silica-cemented lenses. Bed forms range from indistinctly bedded to massive to

crossbedded. The sand intervals of the Ogallala Formation occur in various shades of gray and

red.

Ogallala Formation silt and clay deposits are reddish brown, dusky red, and pink and contain

caliche nodules. Gravels occur as basal conglomerates in intra-formational channel deposits,

and consist - primarily of quartz, quartzite, sandstone, limestone, chert, igneous rock, and

metamorphic rock.

Within the Southern High Plains, the Ogallala Formation lies unconformably above either

Triassic or Cretaceous rocks and occurs as an apron of coalescing alluvial fan lobes that extend

eastward from the Rocky Mountains. The Ogallala alluvial outwash plain was dominated by

braided streams and extends from South Dakota to the Texas Panhandle (Seni, 1980).

A depositional facies map of the Ogallala Formation, shown on Figure 6.2-6, and a structure

contour map of the base of the Ogallala, shown on Figure 6.2-7, indicate the braided nature of

the Ogallala depositional environment. The headward erosion of major rivers, such as the

Pecos River in New Mexico and the Canadian, Colorado, and Brazos Rivers in Texas, and their

various tributaries, has regionally modified the surface expression of the Ogallala Formation.

Consequently, portions of the Ogallala Formation have been erosionally removed, exposing

deeper, older stratigraphic units. The Ogallala Formation typically ranges from 9 to 200 feet in

thickness in the south portion of the Southern High Plains and reflects the underlying

paleotopography. In the area shown on Plate 6.2-1, the Ogallala Formation ranges from 0 to

100 feet in thickness (Bames, 1976).

2.4 LATE'TERTIARY/QUATERNARY GATUNA FORMATION

The Late Tertiary or Quaternary Gatuna Formation, which is part of the Cenozoic Basin Fill of

the Pecos River valley, exists in the equivalent stratigraphic interval as the Ogallala Formation

southwest of the red bed ridge in the vicinity of the WCS facility (Appendix 6.2-1). Some of

these deposits southwest of the red bed ridge have been mapped as the Ogallala Formation

WCSFINALM0635RENEWAL APPUCATION REVISION 0
ATTACiIENT MXR040209GEOtOGY 2-5 9 FEBRUARY 2004



(Nicholson and Clebsch, 1961; Bames, 1976), but Lehman and Rainwater (Appendix 6.2-1)

conclude that these sediments may more logically be included with the Gatuna Formation, as

suggested by Hawley (1993).

The Gatuna Formation and the rest of the Cenozoic Basin Fill occur as alluvial deposits in

Monument Draw, New Mexico and in the Pecos River valley in general. The Pecos River valley

and Monument Draw, New Mexico developed in response to subsurface dissolution of

evaporites in the Pecos Trough and Monument Draw Trough of the Delaware Basin (Ashworth,

1990).

The Gatuna formation is quite thin in the WCS area, although it is about 60 feet thick in

Monument Draw, New Mexico a few miles to the west where it was mapped by Nicholson and

Clebsch (1961) as the Ogallala Formation. In the WCS area, the Gatuna Formation consists of

15 to 20 feet of coarse, red, cross-bedded, gravelly sand, with large boulders of sandstone and
limestone.

2.5 LATE TERTIARYIQUATERNARY CAPROCK CALICHE

The pedogenic Caprock caliche is a thick, hard caliche unit that has developed over all pre-

Quatemary formations in the Southern High Plains. The Caprock caliche is not considered a

formal stratigraphic unit, and it is frequently considered part of and mapped as the Ogallala

Formation (Appendix 6.2-1). The Caprock caliche in the vicinity of the WCS facility is hard,

laminated and pisolitic, with chert pebbles (Appendix 6.2-1). It is typically 5 to 10 feet thick but

can be as thick as 20 feet or more. In thick areas, nodules and layers of opal have formed as

replacement mineralization. Where exposed at surface, the Caprock caliche is weathered and

broken into rubble. The Caprock caliche is distinguished from caliches in overlying sediments

by its hard, laminated and pisolitic form, compared to the lighter, softer, sandier and less dense

younger caliches. In the immediate vicinity of the WCS landfill, the Caprock caliche is exposed

at surface or covered by a thin veneer of windblown sand.
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2.6 QUATERNARY BLACKWATER DRAW FORMATION

The Quatemary Blackwater Draw Formation was formerly referred to as windblown cover sand

and is mapped as Qcs on Plate 6.2-1. The Blackwater Draw Formation forms an extensive

cover over virtually all of the Southern High Plains. The windblown sands, silts, and days were

derived from the alluvial sediments in the Pecos River valley to the west (Holliday, 1989). Grain

size of the eolian Blackwater Draw Formation in the Southern High Plains decreases from sand

in the southwest to clay-size particles in the northeast. Several soil horizons have developed in

the Blackwater Draw Formation, with varying degrees of caliche development Regionally, the

Blackwater Draw Formation ranges from 0 to 100 feet thick (Holliday, 1990).

2.7 QUATERNARY HOLOCENE AND PLEISTOCENE PLAYA DEPOSITS

Playa deposits mapped on the Hobbs Sheet (Plate 6.2-1) are both Holocene and Pleistocene in

age. The older Pleistocene deposits are mapped as the Tahoka Formation (Qta), and the

younger playa deposits, which are either Holocene or late Pleistocene, are mapped simply as

playa deposits (Qp). Playa deposits typically range from 3 to 30 feet in thickness (Holliday et

al., 1996).

The Tahoka Formation comprises lacustrine days, silts, sands and gravels that are locally

calcareous and selenitic. The days and silts are indistinctly bedded, sandy and weakly

coherent, and various shades of light gray and bluish gray. The sands are fine- to coarse-

grained quartz, indistinctly bedded to massive, friable, gray, and grading to gravel at the

margins of the deposits (Barnes, 1976). The deposits may also contain late Pleistocene

molluscan and vertebrate fossils.

The late Pleistocene/Holocene playa deposits, mapped on the Hobbs Sheet as Qp, comprise

sandy day and silt in shallow depressions and are colored light to dark gray. The late

Pleistocene deposits are usually covered by a thin deposit of recent sediments. The mapped

playa deposits in the immediate vicinity of the WCS facility are Holocene/late Pleistocene.
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2.8 HOLOCENE W!VNDBLOWN SAND

Windblown Holocene sands, mapped on the Hobbs sheet as Qsu, occur to the north and south

of the WCS facility. The sands are partially stabilized by vegetation but can be seen in time-

series aerial photographs to be undergoing transport as active dunes. The Holocene sands

overlie the Pleistocene Blackwater Draw Formation and are typically 5 to 10 feet thick.

2.9 OAG UNIT AT THE WCS FACILITY

At the WCS facility, the Tertiary Ogallala Formation and the Late TertiarylQuatemary Gatuna

Formation occur in the same stratigraphic interval as the Cretaceous Antlers Formation

(Appendix 6.2-1). The Ogallala Formation occurs to the northeast of the red bed ridge, on the

Southern High Plains proper, white the Gatuna Formation occurs to the southwest of the red

bed ridge, and the Antlers Formation occurs as an erosional remnant on the crest of the red bed

ridge. The undifferentiated sands and sandstones of the Ogallala, Antlers, and Gatuna

Formations overlying the Dockum Group red beds are referred to as the OAG unit. A schematic

cross section shown on Figure 6.2-8 shows the stratigraphic relationships of the OAG unit. The

local geologic and hydrogeologic situation is presented in more detail in Section 5.0 (Site

Subsurface Soils Investigation) and Section 6.0 (Groundwater).
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3.0 REGIONAL AQUIFERS

The High Plains aquifer of west Texas, considered to be the principal aquifer in west Texas,

consists of water-bearing units within the Tertiary Ogallala Formation and underlying

Cretaceous rocks (Nativ and Gutierrez, 1988). The High Plains aquifer is typically viewed

hydrogeologically as a single, hydraulically connected aquifer system, and groundwater typically

exists under both unconfined and confined conditions. The term Ogallala aquifer is frequently

used interchangeably with the High Plains aquifer, since regionally the Ogallala Formation is the

primary component of the High Plains aquifer (Dutton and Simpkins, 1986). However, the

Ogallala and Cretaceous aquifers have been independently evaluated in the Iterature and will

be addressed individually in the following discussion.

The Cenozoic Basin Fill alluvium and the Triassic Dockum Group are considered minor aquifers

in this part of west Texas (TWDB, 2001) and will also be addressed below.

3.1 OGALLALA AQUIFER

The Ogallala aquifer, which consists of the Ogallala Formation, is the primary freshwater aquifer

within the regional study area and serves as the principal source of groundwater in the Southern

High Plains (Cronin, 1969). The southern limit of the Ogallala aquifer is north of the red bed

ridge at approximately the northern and eastern boundaries of the WCS permitted area.

Regionally, the Ogallala aquifer thickens to the north and west (Blandford et al. 2003) as shown

on cross sections in Figures 6.3-1 and 6.3-2. The saturated thickness of the Ogallala aquifer

ranges from a few feet to approximately 300 feet in the Southem High Plains (Nativ, 1988).

Groundwater within the Ogallala aquifer is typically under water table conditions, with a regional

hydraulic gradient toward the southeast ranging from approximately 10 feet/mile to 15 feet/mile,

as illustrated on Figure 6.3-3. The average hydraulic conductivity of the Ogallala aquifer is

about 10 feet/day, as illustrated in Figure 6.3-4, with higher values preferentially distributed in

depositional channels (Figure 6.3-5). Assuming an average hydraulic gradient of 12.5 feet/mile

and a porosity of 0.20, the average rate of flow in the Ogallala aquifer is 43 feet/year.
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The primary sources of recharge to the Ogallala aquifer are playas, headwater creeks, and

irrigation return flow (Blandford et al., 2003). Regionally, the recharge rate to the Ogallala

aquifer is estimated to be of the order of 0.35 incheslyear (Mullican et al., 1997). Blandford et

al. (2003) estimated predevelopment recharge at less than 0.083 inches/year. In a recent

numerical model of the Ogallala aquifer, prescribed recharge beneath irrigated lands was on the

order of 1.25 to 2.25 incheslyear, and recharge beneath non-irrigated agricultural lands ranged

from 0.25 to 2.0 inches/year (Blandford et al., 2003). Groundwater discharge from the Ogallala

aquifer occurs naturally through springs, underfiow, evaporation and transpiration, but is also

removed artificially through pumping. Throughout much of the Southern High Plains,

groundwater discharge from the Ogallala aquifer exceeds recharge, and water levels have

consistently declined. In some regions, however, water levels have remained reasonably stable

over the last decades or even increased, indicating that recharge is the same or greater than

discharge/pumping (Blandford et al., 2003). Water levels in three wells in Andrews County with

a period of record of 40 to 50 years have remained stable over the entire period (Figure 6.3-6).

Water quality data for three Ogallala aquifer wells, located within two miles of the site, were

obtained from a review of Texas and New Mexico state records for western Andrews County,

Texas and eastern Lea County, New Mexico. These water well locations are provided in Table

6.3-1, and water quality data for these wells are provided in Table 6.3-2. The well locations are

provided on Figure 6.0-2.

Review of the water quality data indicates that the local Ogallala aquifer contains fresh to

slightly saline voter (TDS = 3000 mg/L). The Ogallala Formnation is not water bearing in the

WCS permitted area (Figure 6.3-7).

3.2 CRETACEOUS AQUIFER (ANTLERS FORMATION)

The Cretaceous aquifer of the Southern High Plains is typically considered as part of the High

Plains Aquifer (Nativ and Gutierrez, 1988). The regional hydraulic gradient of the Cretaceous

aquifer is toward the southeast, similar to the overlying and often hydraulically interconnected

Ogallata aquifer.
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The Cretaceous aquifer of the Southern High Plains consists of a basal unit (Trinity or Antlers

Formation sandstone), an intermediate unit (Edwards Formation limestone), and an upper unit

(KiamichiDuck Creek Formation sandstone and limestone). Where present in the subsurface,

the Cretaceous aquifer is used in the Southem High Plains as a source of groundwater (Nativ

and Gutierrez, 1988). The Cretaceous Antlers Formation has been identified in the vicinity of

the WCS facility and in the subsurface immediately below the facility (Appendix 6.2-1); however,

it is unsaturated but for a few isolated pockets and at the extreme east central portion of the

permitted area (see Section 6.0).

3.3 TRIASSIC DOCKUM GROUP AQUIFER

The Dockum Group regionally consists of Triassic fluvial and lacustrine clays, shales, siltstones,

sandstones and conglomerates. The Dockum Group consists of five formations, the lowermost

of which is the Santa Rosa Formation, followed by the Tecovas, the Trujillo, the Cooper

Canyon, and the Redonda Formations. Only the Santa Rosa, Tecovas, Trujillo and Cooper

Canyon Formations are present in the vicinity of the WCS facility. Water from the Dockum

Group aquifer is used as a replacement for, or in combination with, the Ogallala aquifer as a

regional source for irrigation, stock and municipal water (Dutton and Simpkins, 1986).

There are two water-bearing sandstone formations in the Dockum Group in the vicinity of the

WCS facility. Both yield non-potable water with less than 5,000 mg/L total dissolved solids. The

Santa Rosa Formation sandstone at the base of the Dockum Group is about 250 feet thick and

is considered the best aquifer within the Dockum Group (Bradley and Kalaswad, 2003). The top

of the Santa Rosa Formation sandstone is at 1,140 feet below ground surface at the WCS

facility (Plate 6.2-2). The top of the 100-foot thick Trujillo Formation sandstone, the other

Dockum Group water-bearing formation in the area, is at about 600 feet below ground surface

(Plate 6.2-2).

The lower Dockum Group aquifer is recharged by precipitation where Dockum Group sediments

are exposed at land surface (Bradley and Kalaswad, 2003). However, most of the recharge to

the sandstones in the lower Dockum Group (comprising the Santa Rosa and Trujillo Formation

sandstones) is considered to have occurred during the Pleistocene (Dutton, 1995; Dutton and
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Simpkins, 1986) some 15,000 to 35,000 years before present Topographically controlled

groundwater basin divides were developed during the Pleistocene by the erosion of the Pecos

and Canadian River valleys. Prior to the development of these groundwater basin divides, the

lower Dockum aquifer was recharged by precipitation on its outcrop area in eastern New Mexico

(Figure 6.3-8). However, since the development of the Pecos and Canadian River valleys, the

lower Dockum aquifer in Texas has been cut-off from its recharge area. Without recharge, the

lower Dockum aquifer experiences a net loss of groundwater from withdrawal by wells and by

seepage (Dutton and Simpkins, 1986). The regional hydraulic gradient of the lower Dockum

aquifer, which is toward the southeast at approximately 15 feet/mile, is provided in Figure 6.3-9.

Based on water levels encountered during logging of the two WCS non-potable water wells,

water levels in the lower Dockum aquifer range from 2,852 fet msl (Santa Rosa Formation) to

3,172 feet msl (Trujillo Formation). Transmissivity of the lower Dockum aquifer ranges from 860

ftlday to about 30 ft2/day and storativity, based on two values, is 0.0001 and 0.002 (Dutton and

Simpkins, 1986). Based on the transmissivity values noted above, an average thickness of 350

feet of combined Santa Rosa and Trujillo Formation sandstones, a porosity of 0.15, and a

gradient of 15 feet/mile, the rate of groundwater flow is estimated to be between 17 feetlyear

and 0.6 feettyear.

The upper portion of the Dockum Group (Cooper Canyon Formation) serves as an aquitard in

the regional and local study area (Nicholson and Clebsch, 1961; Dutton and Simpkins, 1986).

This is suppdrted by the fact that the hydraulic head of Ihe lower Dockum aquifer is significantly

lower than that of the overlying Ogallala aquifer throughout much of the regional study area

(Figure 6.3-10). This relative head difference, approximately 200 to 300 feet in western

Andrews County, suggests that the lower Dockum aquifer is receiving essentially no recharge

from cross-formational flow (Nativ, 1988). The primary limiting factors on recharge to the

Dockum Group aquifer indude the low-permeability aquitard characteristics of the upper

Dockum Group and cut-off by the Pecos River Valley of historical recharge areas in eastern

New Mexico.
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3.4 CENOZOIC BASIN FILL AQUIFER

The Cenozoic Basin Fill aquifer, also referred to as the Pecos Alluvium aquifer (Jones, 2001), is

a minor regional aquifer and is not present in the vicinity of the VVCS facility. The Cenozoic

Basin Fill alluvial deposits (Gatuna Formation) have been identified on the southwest slope of

the permitted area (Appendix 6.2-1); however, they are not water bearing and do not constitute

an aquifer.
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4.0 ACTIVE GEOLOGIC PROCESSES

This section addresses the requirement to provide a description of the active geologic

processes in the vicinity of the facility. Active geologic processes include flooding and

submergence, faulting, seismicity. land surface subsidence, and the potential for surface

erosion. Flooding is addressed by locating the facility out of a 100-year floodplain and

submergence applies only to coastal zones. Faults, seismicity, land surface subsidence, and

surface erosion are discussed in the following sections.

4.1 FAULTS

This section provides an analysis of faults in the vicinity of the facility at the regional and local

scales. The requirements of 30 TAC 305.50(4)(F) and 30 TAC 305.50(10)(E) require

delineation of all faults within 3000 feet of the facility, together with a demonstration that

(i) the fault has not experienced displacement within Holocene time, or if faults have

experienced displacement within Holocene time, that no such faults pass within 200

feet of the portion of the surface facility where treatment, storage, or disposal of

hazardous wastes will be conducted; and

(ii) the fault will not result in structural instability of the surface facility or provide for

groundwater movement to the extent that there is endangerment to human health or

the environment.

The WCS site is situated over the north central portion of a prominent Paleozoic structural

feature known as the Central Basin Platform. Faults are only known in the deep subsurface as

interpreted from petroleum exploration activities. The faults are expressed in Paleozoic rocks at

depths of thousands of feet. The deep faults lose their expression as stratigraphic offsets after

early Permian (Wolfcampian) time. All of the major faulting in the vicinity of the Central Basin

Platform occurred in response to tectonic forces active before the global plate tectonic

reorganization that created the North American continent. (Bally et al., 1989). The Paleozoic

faults exhibit low natural microseismicity as a result of passive response to relatively low levels

of tectonic stress in the trailing edge of the westward-drifting North American plate. The closest
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area of active regional tectonic stress and active faulting is the Rio Grande Rift that forms the

eastern boundary of the Basin and Range Province. The Rio Grande Rift is over 200 miles west

of the WCS area. There is no surface evidence of faulting within 3000 feet the WCS permitted

area.

4.1.1 Regional Tectonic Setting and Faults

The WCS facility is located within the Permian Basin region of west Texas. The Permian Basin

derives its name from the fact that it is underlain by extensive deposits of Permian sediments.

4.1.1.1 Tectonic Setting

The WCS site is situated over the north-central portion of a prominent structural feature known

as the Central Basin Platform (Figure 6.4-1). The Central Basin Platform is a deep-seated

horst-like structure that extends northwest to southeast from southeastern New Mexico to

eastern Pecos County, Texas. The Central Basin Platform is flanked by two prominent

structural depressions known as the Delaware Basin to the southwest and the Midland Basin to

the northeast, and by the Val Verde Basin to the south.

From the Cambrian to late Mississippian, west Texas and southeast New Mexico experienced

only mild structural deformation that produced broad regional arches and shallow depressions

(Wright, 1979). The Central Basin Platform served intermittently as a slightly positive feature

during the early Paleozoic (Galley, 1958). During the Mississippian and Pennsylvanian, the

Central Basin Platform uplifted using ancient lines of weakness (Hills, 1985), and the Delaware,

Midland, and Val Verde Basins began to form as separate basins.

Late Mississippian tectonic events uplifted and folded the platform and were followed by more

intense late Pennsylvanian and early Permian deformation that compressed and faulted the

area (Hills, 1963). Highly deformed local structures formed ranges of mountains oriented

generally parallel to the main axis of the platform (Wright, 1979).
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This period of intense, late Paleozoic deformation was followed by a long period of gradual

subsidence and erosion that stripped the Central Basin Platform and other structures to near

base-level (Wright, 1979). The expanding sea gradually encroached over broad eroded

surfaces and truncated edges of previously deposited sedimentary strata. New layers of

arkose, sand, chert pebble conglomerate and shale deposits accumulated as erosional products

along the edges and on the flanks of both regional and local structures. Throughout the

remainder of the Permian, the Perrnian Basin slowly filled with several thousand feet of

evaporites, carbonates, and shales (Figure 6.4-2).

From the end of the Permian until late Cretaceous, there was relatively little tectonic activity

except for periods of slight regional uplifting and downwarping. During the early Triassic, the

region was slowly uplifted and slightly eroded. These conditions continued until the late

Triassic, when gentle downwarping formed a large land-locked basin in which terrigenous

deposits of the Dockum Group accumulated in alluvial flood plains and as deltaic and lacustrine

deposits (McGowen. et al., 1979). In Jurassic time, the area was again subject to erosion.

During Cretaceous time, a large part of the western interior of North America was submerged,

and the west Texas/southeastern New Mexico region was part of a large continental shelf sea in

which a thick sequence of Cretaceous rocks was deposited. The Cretaceous sequence of

sediments comprised a basal clastic unit (the Trinity, Antlers or Paluxy sands) and overlying

shallow marine carbonates.

Uprift and southward- and eastward-retreating Cretaceousseas were coincident with the

Laramide Orogeny, which formed the Cordilleran Range west of the Permian Basin. The

Laramide Orogeny uplifted the region to essentially its present position, supplying sediments for

the late Tertiary Ogallala Formation. The major episode of Laramide folding and faulting

occurred in the late Paleocene. There have been no major tectonic events within the Permian

Basin since the Lararnide Orogeny, except for a period of minor volcanism during the late

Tertiary in northeastern New Mexico and in the Trans-Pecos area. Hills (1985) suggests that

slight Tertiary movement along Precambrian lines of weakness may have opened joint channels

which allowed the circulation of groundwater into Permian evaporite layers. The near-surface
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regional structural controls may be locally modified by differential subsidence related to

groundwater dissolution of Permian salt deposits (Gustavson, 1980).

4.1.1.2 Faults

Two types of faulting were associated with early Permian deformation. Most of the faults were

long, high-angle reverse faults with several hundred feet of vertical displacement that often

involved the Precambrian basement rocks (Hills, 1985). The traces of these faults are shown

on the Precambrian structure map provided in Figure 6.4-3. The second type of faulting is

found along the western margin of the Central Basin Platform where long strike-slip faults, with

displacements of tens of miles, are found (Hills, 1985) (Figure 6.4-4).

The large structural features of the Permian Basin are reflected only indirectly in the Mesozoic

and Cenozoic rocks, as there has been virtually no tectonic movement within the basin since the

Permian (Nicholson and Clebsch, 1961). The east-west and north-south regional cross-

sections provided in Figures 6.4-5 and 6.4-6 illustrate this relationship. Figure 6.4-5 shows the

draping of the Permian and Triassic sediments over the Central Basin Platform structure,

located approximately 7000 feet beneath the present land surface. The faults that uplifted the

platform do not appear to displace the younger Permian sediments. The northernmost fault on

Figure 6.4-6. located at the Matador Uplift, terminates in lower Wolfcampian sediments.

A further comparison of the structure of the Devonian Woodford Formation to the structure of

the younger Upper Guadalupe Whitehorse Group (Permian) (Figures 6.4-7 and 6.4-8) indicates

that the faults in the Devonian section do not continue upward into the overlying Permian

Guadalupe Whitehorse Group. The regional geologic and tectonic information does not indicate

the presence of post-Permian faulting within the regional study area. In addition, the local

information does not indicate Holocene displacement of faults within 3000 feet of the proposed

WCS landfill site. The site-specific structural setting is discussed below.

Two regional stratigraphic cross sections constructed in the vicinity of the WCS site using oil

and gas well logs are shown as Plates 6.2-2 and 6.2-3. The locations of the cross sections are

shown in Figure 6.2-1. These cross sections depict the major stratigraphic units that occur
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within about 2000 feet below ground surface in the vicinity of the site. The stratigraphic units

depicted on Plates 6.2-2 and 6.2-3 include the upper OAG unit of a few tens of feet in thickness,

the underlying Triassic red beds of the Dockum Group with a thickness of 1,000 to 1.500 feet,

the underlying Permian Dewey Lake Formation red beds, and the Permian evaporites of the

Rustler and Salado Formations. These cross sections do not indicate the presence of faulting in

the upper 2,000 feet of sediments within 3 to 4 miles of the WCS site. The base of the

underground source of drinking water (USD"W is the bottom of the Santa Rosa Formation at

about 1,400-feet below ground surface in the vicinity of the WCS facility. The Santa Rosa

Formation is the lowermost formation of the Triassic Dockum Group.

There is no evidence of displacement or offset of post-Permian sediments including Holocene

sediments in the vicinity of the landfill. The WCS landfill excavation exposed the OAG unit,

which includes the Caprock caliche, overlain by minor amounts of Blackwater Draw Formation

and recent cover sand. The Blackwater Draw Formation typically has relatively well-developed

soil horizons as well as calcic horizons. No offset or displacement was documented in the OAG

unit, induding the Caprock caliche, or the Blackwater Draw sediments, buried soil horizons, or

the surface soil horizon.

4.1.2 Seismicity

The WCS facility lies in a region with crustal properties that indicate minimum risk due to faulting

and seismicity. Crustal thickness is the most reliable predictor of seismic activity and faulting in

intracratonic regions (EPRI, 1993). Crustal thickness in the vicinity of the WCS facility is

approximately 30 miles (50 km), one of the three thickest custal regions in North America

(Mooney and Braile, 1989). In comparison, the crustal thickness of the Rio Grand Rift is as little

as 7.5 miles (12 km) in places. Further, the seismic velocity of the crust in the Southern Great

Plains implies that the crust is unusually intact and continuous in this region (EPRI, 1989).

The Central Basin Platform is an area of moderate, low intensity seismic activity based on

observational data obtained from the National Geophysical Data Center of the National Oceanic

and Atmospheric Administration (NOAA, 1992) and the U.S. Geological Survey (USGS)

Earthquake Data Base available from the National Earthquake Information Center
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(http:/lneic.usqs.gov . Table 6.4-1 provides the historical seismic activity within 250 kilometers

of the WCS facility (32.4330 N, 103.05N. Table 6.4-1 includes the data through 1992 from the

NOAA data base, which was submitted in the original RCRA permit application, updated with

information through 2003 from the national seismic data base operated by the USGS. The

computer search for all recorded seismic activity within a 250 km (155 mile) radius of the

proposed WCS landfill site provided a list of 188 seismic events (188 total with 68 suspected

duplicates by Terra Dynamics (1993)) during the period from 1931 to 2003. Seismic activity for

New Mexico and bordering areas, which indudes Andrews County, is slhown on Figure 6.4-9.

With respect to seismicity in the WCS area, Sanford et al. (2002) indicate that a large fraction of

activity in southeastern New Mexico and adjacent areas of west Texas is induced by oil and gas

production, secondary recovery, or waste injection.

Figure 6.4-10 illustrates the largest earthquakes (moment magnitudes >3) from the same data

set used to develop Figure 6.4-9. The largest earthquake in the vicinity of the WCS facility,

referred to as the Rattlesnake Canyon earthquake with a magnitude of 5, occurred in 1992. The

Rattlesnake Canyon earthquake was located by the seismograph stations monitored by the
New Mexico Institute of Mining and Technology at latitude 32*17.80N and longitude

10310.33W (Sanford et al.. 1993), which is approximately 11 miles southwest of the facility.

The USGS located the Rattlesnake Canyon earthquake at latitude 32*20.16N and longitude

103'06.06W, about 7 miles southwest of the VWICS facility; however, Sanford et al. (1993)

indicate that due to the uncertainty in the location reported by the USGS, the location reported

by Sanford et al. (1993) is more accurate. The location of the Rattlesnake Canyon earthquake

was approximately three miles east of the Paleozoic west platform fault (Figure 6.4-4). The

Rattlesnake Canyon earthquake was interpreted by Sanford et al. (1993) as a reverse fault, with

movement consistent with the approximately east-west maximum horizontal stress orientation

reported by Zoback and Zoback (1991).

The seismic hazard at a particular geographic position is due to ground motion or shaking.

Seismic hazard is based on historical seismic activity and frequently presented as Peak Ground

Acceleration (PGA) maps. The maps present the probability of the PGA due to earthquakes

exceeding a particular value of acceleration (expressed as a fraction or percent of gravitational
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acceleration) over a particular time period. A PGA of greater than about 0.2 9 is considered the

acceleration level at which considerable damage can begin to occur to weakly built structures

(Sanford et al., 2002). Figure 6.4-11 is a seismic hazard map of the western United States

prepared by the USGS @ttp:Jqeohazards.cr.usgs.gov/eq/, October 2002 revision). The map

indicates that at the 90% probability level over a 50-year time period, the PGA of the

southeastern New Mexico/Andrews County area would not exceed approximately 0.03 to 0.04 g

(site specific search yields 0.0322 g). Figure 6.4-12 is a similar seismic hazard map of the

western United States, which indicates that at the 98% probability level over a 50-year lime

period, the PGA of the southeastern New Mexico/Andrews County area would not exceed

approximately 0.14 to 0.16 g (site specific search yields 0.1535 g). Golder Associates (1998)

calculated the PGA at the WCS site for the Rattlesnake Canyon earthquake in the range of 0.06

to 0.07 g, which is well below the PGA of 0.2 g where considerable damage can begin to occur

to weakly built structures (Sanford et al., 2002). Golder Associates (1998) indicate that these

low estimated accelerations are generally considered to be insignificant to well designed and

constructed engineered structures or facilities.

4.1.3 Lineaments

Lineaments are relatively straight physiographic features typically identified by a review of

surficial geologic maps, surface topography maps, LANDSAT images, and aerial photographs,

including high altitude aerial photographs. Based on Landsat imagery, Finley and Gustavson

(1981) identified more than 4600 lineaments throughout the Texas Panhandle, ranging in length

from 1.2 miles up to 25 miles (Figure 6.4-13). Finley and Gustavson (1981) noted that the

Landsat-identified lineaments fefl into six categories: 1) stream segments, or short stream

reaches commonly connecting at sharp angular junctions, 2) drainage lines, or linear valley

trends independent of the orientation of stream segments within the trend, 3) scarps, or

prominent topographic breaks, 4) playa alignments, 5) geologic contacts, or contacts between

surficial materials with different reflectivities, and 6) tonal anomalies, or linear features that are

not clearly a member of any of the previous categories and may be composites of previous

categories.
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Finley and Gustavson (1981) conclude that the development of physiographically-expressed

lineaments is controlled or at least influenced by geologic structure. They further interpret that

since few surface faults are mapped in the study area (91,500 square miles of the Texas

Panhandle, induding the Southern High Plains and most of Andrews County), joints rather than

widespread faults are the likely geologic structural control on lineament development Joints are

fractures or partings in rocks along which movement has been negligible or absent (Dennis,

1972). The development of joints is an indication of the brittle behavior of rock, and is most

evident in the Triassic and Permian sandstones within the area of the Southern High Plains.

The poorly consolidated sediments of the Ogallala Formation do not exhibit well-developed

jointing patterns. The Caprock caliche often exhibits an irregular, nearly orthogonal jointing

pattern (Finley and Gustavson, 1981).

Finley and Gustavson (1981) suggest that minor or poorly developed jointing in the Pleistocene

and Holocene deposits overlying the Caprock caliche may have offered preferred infiltration

focus that could foster playa development at the intersection of joint sets, and that an area of

increased joint density may localize playa-lake depressions.

Several mechanisms can account for the relationship between physiographically-expressed

surface lineaments and susbsurface jointing. Joints form preferential planes that can be

exploited by surficial and subsurface weathering processes. Joints offer paths of weakness and

less resistance to erosional processes, allowing the development of surface drainage systems

and linear stream segments in preferred orientations. Consequently, drainage systems in the

Southern High Plains are often classified as lineaments, since their linear orientation is

controlled by the joint systems that they exploit (Finley and Gustavson, 1981). Joints can be

propagated upward into geologically younger sediments by many processes, including residual

tectonic stresses (Price, 1966), crustal extension due to post-glacial rebound (Grisak and

Cherry, 1975), shrinkage and differential compaction related to wetting and drying of clay-rich

sediments, and differential compaction and dissolution of underlying materials (Finley and

Gustavson, 1981). In the Southern High Plains, the orientation of joints and their associated

surface lineations is controlled primarily by historical tectonic and structural trends (Finley and

Gustavson, 1981). As shown in Figure 6.4-13, the dominant orientation for surface lineations in
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the Southern High Plains is northwest to southeast, with a secondary orientation of northeast to

southwest.

At the regional scale mapped by Finley and Gustavson (1981), Figure 6.4-13 shows a

multicomponent northwest-southeast lineament approximately 3 to 4 miles in total length about

10 miles north of the WCS facility in Gaines County. The lineament is located in the

approximate vicinity of Monument Draw, Texas (note: there are two Monument Draws in the

WCS vicinity: one in Texas which starts between Hobbs and Eunice in New Mexico and heads

eastward as a tributary to Mustang Creek in Texas; and one which starts west of Monument,

New Mexico, continuing southeasterly and turning south around Eunice about 5 miles west of

the Texas/New Mexico border). A second lineament at the regional scale identified by Finley

and Gustavson (1981) lies in Andrews County, about 14 miles east of the WCS facility. This

lineament appears to be the continuation of Monument Draw, Texas. The lineament map of

Finley and Gustavson does not indicate the presence of Landsat-identified lineaments at the

WCS facility.

Also at the regional scale, Bolden (1984) suggests that there are several regional-scale

lineaments 200 to 330 miles in length in Trans-Pecos Texas and the Texas Panhandle oriented

between 298° and 306°. The nearest of these to the WCS facility is a shorter offshoot line

oriented approximately 3450, extending through Ward and Winkler counties in Texas into Lea

County in New Mexico. The offshoot line appears to be defined by Monument Draw, New

Mexico and its southern extension to the Pecos River through VWnkler and Ward Counties,

Texas.

At the local scale, lineaments were identified by Terra Dynamics in the vicinity of the WCS site

based on an analysis of NASA color-infrared aerial photographs (Terra Dynamics, 1993). Terra

Dynamics indicated the lineaments were related to linear drainage features and ground surface

color tone anomalies. The lineaments were shown as straight lines on the color infrared

imagery used by Terra Dynamics (Terra Dynamics, 1993, Figure VIA12). Terra Dynamics

identified 5 northwest trending lineaments. The southernmost of these lineaments extended

through the WCS facility. Terra Dynamics also identified two north trending lineaments between
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the WCS site and Eunice. The lineament through the VWCS site was described as an anomaly

in the ground surface color tone on the color-infrared

Figure 6.4-14 is a 1983 color infrared photograph of the WCS area from the National High

Altitude Program (note: the 1982 photograph included in the Terra Dynamics Geology report is

not available from the EROS data center) and Figure 6.4-15 is a 1986 color infrared photograph

of the same area at a slightly different scale. Four of the five northwest and north trending

lineaments near the WCS site identified by Terra Dynamics are shown on Figure 6.4-15. The

northernmost northwest-trending lineament identified by Terra Dynamics is off the photo

approximately 8 miles to the north of the WCS site.

Golder Associates also conducted an analysis of the lineaments in the vicinity of the WCS

facility and provided a summary of their evaluation in a draft document to WCS dated January 4,

1999. Lineaments identified by Terra Dynamics and Golder Associates are discussed below.

The southernmost northwest-trending lineament through the VkCS facility, identified by Terra

Dynamics, is represented by aligned zones of enhanced vegetation, shallow depressions and

darker ground tones trending about 3000 to 310°. The aligned depressions are most evident

where the Caprock caliche is at or very near the surface. The tonal contrast in the center of the

photo is where the Caprock caliche is either at ground surface or covered by only a thin veneer

of windblown sand. The largest of the depressions, which may be considered a small playa

about 15 acres in size, is located about one-half mile northeast of the existing landfill. The

alignment of the playas at the WCS site likely results from their development at the intersection

of joints, with the primary jointing direction trending 300° to 310°.

Part of the surface expression of the 300° to 310° lineament is a bench in the topography

between Windmill Hill and the existing landfill. The bench alignment is coincident with the

regional 3000 to 320 alignment of lineaments in the Southern High Plains (Finley and

Gustavson, 1981) that likely represents one of the primary jointing directions in the Southern

High Plains. The bench overlies and is aligned with the red bed ridge and is topographically

expressed for about 6000 feet with a relief of about 20 feet. The bench is on the southwest

slope of the drainage divide between the Pecos River and the Colorado River. The bench has
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developed as an erosional feature along the preferred jointing direction in the Southern High

Plains. The bench projects to Baker Spring, to a notch in the topography about one-half mile

northwest of Baker Spring. and parallels Mescalero Ridge, part of the Caprock escarpment to

the northwest of Monument, New Mexico.

Two smaller lineaments oriented about 450 were identified by Golder Associates to the west and

east of the permitted area. The westernmost 45° lineament, which is about 4000 feet in length,

is a surface draw that empties into a depression at Baker Spring, New Mexico. The 45°

lineament east of the permitted area is less developed. It extends through the ranch house area

for a total length of about 4,500 to 5,000 feet, developing into a shallow draw southwest of the

ranch house area. The north-trending lineaments identified by Terra Dynamics about 3 miles

west of the WCS site in Lea County, New Mexico. may be related to tonal contrasts in the

vicinity of Monument Draw, New Mexico.

The lineaments in the vicinity of the WCS facility do not have any geologic or geomorphic

characteristics typical of active faults. There are no topographic shifts along the lineament, or

any apparent offsets in local drainage, or any interruptions in the gradient of erosional terraces

above Baker Spring (assuming Baker Spring comprises part of the lineament). The lineament in

the vicinity of the WCS facility is considered to be an erosional feature.

4.2 LAND SURFACE SUBSIDENCE

This section addresses the potential for land surface subsidence due to ongoing geologic

processes and human activities in the vicinity of the WCS facility. Subsidence can be defined

as the sudden sinking or gradual downward settling of the earth's surface with little or no

horizontal movement Subsidence may be caused by natural geologic processes such as

solution or compaction or by human activities such as subsurface mining or pumping of oil or

groundwater.
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4.2.1 Land Surface Subsidence due to Geologic Processes

No subsidence features related to geologic processes have been identified within the permitted

area or the immediate vicinity of the site. The nearest active subsidence features to the WCS

facility are the San Simon Swale, the San Simon Sink, the Wink Sink, and a sink northwest of

Jal, New Mexico (Figure 6.4-16). The San Simon Swale and the San Simon Sink are located

approximately 20 miles west-southwest of the WCS facility in Lea County, New Mexico. The

San Simon Swale is a large (100 mf), northwest- to southeast-trending, elongate depression

that overlies and is parallel to the inner margin of the Permian Capitan Reef (Figure 6.416).

The San Simon Sink is located within the southern end of the San Simon Swale and covers an

area of 0.5 mi2. The sink is approximately 130 feet deep and is filled with 400 feet of alluvium

deposited on top of Triassic red beds (Baumgardner et al., 1982). Subsidence was bst

recorded at the San Simon Sink approximately 50 years ago.

The Wink Sink, which formed in 1980, is located 2.5 miles northeast of Wink in southwestern

Winkler County, Texas (Figure 6.4-16). The diameter of the Wink Sink is approximately 360

feet with an average depth of 80 feet (Baumgardner et al., 1982). In 1998, a sink developed 14

miles northwest of Jal, New Mexico. The sink was approximately 100 feet wide and 150 feet

deep (Odessa American, 1998).

Like the San Simon Swale and the San Simon Sink, the Wink Sink and the sink northwest of Jal

lie above the Capitan Reef. These surface subsidence features are believed to be caused by

the collapse of solution cavities formed in the Permian Salado Formation that migrated upward

over time in response to successive roof failures (Baumgardner et al., 1982). There appears to

be a correlation between the location of the Capitan Reef, dissolution of salt in the Salado

Formation, and the development of land surface subsidence features. Groundwater in the

Capitan Reef is unsaturated with respect to sodium chloride, and the hydraulic head of

groundwater in the reef is higher than the elevation of the Salado Formation. This allows

relatively fresh water from the reef to move upward into the Salado Formation along fractures or

other zones of permeability and dissolve salt. Denser brine then moves back down the same

fracture system and a brine-density-flow cycle is set up that allows for development of solution

cavities, successive roof collapses and eventual subsidence of the land surface (Baumgardner

et al., 1982). Land subsidence features similar to those discussed above would not be
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expected to form at or in the immediate vicinity of the WCS facility. The WCS facility is not

located above the Capitan Reef, the eastern edge of which is about 15 miles west of the facility,

and the eastern edge of the Capitan reef defines the eastern extent of salt dissolution

associated with the reef (Baumgardner et al., 1982).

At the regional scale and over geologic time periods of millions of years, subsidence features

such as the Pecos Trough and the Monument Draw Trough have developed in the region

(Ashworth, 1990). The surface drainage systems of the Pecos River and Monument Draw, New

Mexico have developed in response to the deep-seated subsidence in the Delaware Basin. The

Pecos Trough, in the central part of the Delaware Basin, and the Monument Draw Trough, along

the eastern margin of the Delaware Basin, developed through dissolution and removal of

Permian evaporntes (Ashworth, 1990). The Pecos and Monument Draw Troughs were

subsequently filled with a thick sequence of Cenozoic alluvial deposits. The Monument Draw

Trough extends southeastward from southern Lea County, New Mexico through Winkler

County, Texas and into northern Ward County (Figure 6.4-16). The northern end of the trough

is approximately 20 miles southwest of the WCS facility.

4.2.2 Land Surface Subsidence due to Human Activities

Subsidence features related to human activities are normally related to withdrawal of subsurface

fluids such as oil and groundwater and compaction of overlying unconsolidated deposits or

collapse of overlying consolidated sediments. No subsidence features related to human
activities have been identified within the permitted area or the immediate vicinity of the site.

Oil production occurs throughout west Texas and southeast New Mexico. Oil production in the

vicinity of the WCS facility is from consolidated sediments at depths greater than 3,000 feet

(Terra Dynamics, 1993). There is no evidence of land subsidence related to withdrawal of oil

within the permitted area or the immediate area surrounding the WCS facility. Literature review

identified examples of land surface subsidence related to oil production, but these examples are

confined to the Gulf Coast region of southeast Texas (Davis et al., 1989).
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Land surface subsidence in response to groundwater withdrawal usually occurs due to

consolidation of a thick sequence of unconsolidated or poorly consolidated sediments that form

an interbedded aquifer-aquitard system (Freeze and Cherry, 1979). Such a system of

unconsolidated or poorly consolidated sediments does not exist beneath the WCS facility.

Groundwater at the WCS facility is obtained from sandstones in the Dockum Group at depths in

excess of 600 feet. Dockum sandstones, mudstones, and siltstones are consolidated and are

not subject to compaction upon fluid withdrawal. As such, land surface subsidence due to

groundwater withdrawal at the WCS facility is not an issue.

4.3 EROSION

This section addresses the potential for surface erosion due to ongoing geologic processes in

the vicinity of the facility. Lehman (Appendix 6.2-2) evaluated erosion on the Southern High

Plains and in the vicinity of the WVCS facility. Much of the following discussion is taken from
Lehman (Appendix 6.2-2).

Erosion can be defined as a physical and chemical removal or wearing away of the material

comprising the earth's surface. This ongoing process is driven by a natural attempt to attain

and maintain an equilibrium state between inputs and outputs. Stated simply, erosion seeks to

level topographic highs and fill in topographic lows at rates largely controlled by local climate,

geology, vegetation and topography. The rate of erosion fluctuates as climatic conditions

change over short time spans, but the equilibrium between natural inputs and outputs can be

described as more or less stable for relatively long periods of time (Dunne and Leopold, 1978).

Erosion can be caused by water, wind, ice and gravity. The objectives of this section are to

characterize the dominant erosional agents present in the vicinity of the WCS facility and to

estimate the rates at which these processes proceed. To accomplish these objectives, a

literature review was performed and photographs from the area were reviewed. The aerial

photographs include stereo coverage for 1938, 1939, 1981, 1983 and 1986, as well as single

photographs from 1949 and 1954. The photographs were reviewed to identify any possible

landform changes attributable to erosional processes.
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Regional Context

Lehman (Appendix 6.2-2) also conducted an assessment of the long-term erosion potential at

the WCS facility. As indicated above, much of the following discussion is extracted from

Appendix 6.2-2.

The Southern High Plains is a very stable geomorphic surface that presents a nearly featureless

landscape with only subtle topographic relief, crossed by widely spaced dry valleys or draws.

Short-duration high-intensity rainfall events (thunderstorms), sparse vegetation on thin soils, and

the generally unconsolidated nature of the surficial sediments and strata bordering the Southern

High Plains could result in enhanced potential for erosion of the land surface. However,

sediment removal is limited by the low annual rainfall, low surface slope gradients, absence of

an integrated drainage system, presence of indurated Caprock caliche at shallow depth, and
land surface alteration by man (Finley, 1979 in Dutton et al., 1979).

Potential for surface erosion at the WCS facility was considered in terms of two separate topics:

1) processes and rates of erosion on the Southern High Plains surface itself and 2) processes

and rates of erosion along the escarpment bordering the Southern High Plains. Estimates of

the long-term potential for surface erosion at the site are based on previous studies conducted

for the Southem High Plains region in connection with the assessment of the Waste Isolation

Pilot Plant (WIPP) site in Eddy County, New Mexico and nuclear isolation feasibility studies for

Deaf Smith County in the Texas Panhandle. Information gathered in connection with these sites

is quite extensive and applicable to assessment of the WCS facility, owing to their similar

geologic, physiographic and climatic setting.

4.3.1 Erosion of the Southem High Plains Surface

On the surface of the Southern High Plains, the dominant mechanisms by which sediment

erosion and deposition occurs include 1) incision and aggradation via overland flow within the

draws, 2) wind erosion and local deposition of dune sand or regional dust fall, and 3) deposition

and deflation in playa and saline lake basins. Each of these processes as they relate to the

WCS facility is discussed in the following sections.
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4.3.1.1 Overland Flow

The WCS facility is situated on the southwestern side of an expansive divide between two

draws that cross the Southern High Plains surface - Monument Draw, New Mexico, a south-

flowing ephemeral stream in Lea County, New Mexico, and Monument Draw, Texas (same

name), an east-flowing ephemeral stream in Andrews County, Texas (Plate 6.2-1). Monument

Draw, New Mexico flows intermittently southward from Lea County, New Mexico into Winkler

County, Texas, but appears to terminate near the town of Wink and does not continue

southward to the Pecos River. Flow in Monument Draw, Texas, however, continues eastward

through Andrews County until it joins Mustang Draw, which is a tributary of the Colorado River.

The broad expanses between draws on the Southern High Plains do not exhibit an integrated

drainage system. Topography in the immediate vicinity of the WCS landfill slopes to the

southwest toward Monument Draw, New Mexico. However, because the immediate vicinity of

the WCS facility, along with much of western and southern Andrews County, lacks an integrated

drainage system due to low rainfall rates and an irregular hummocky surface mantle of

permeable eolian sediment stabilized by sparse vegetation, most surface runoff collects in

shallow surface depressions rather than contributing to Monument Draw, New Mexico. As such,

local erosion by overland flow appears to be balanced with local deposition in internally-drained

surface depressions, and local erosion would not be expected to affect the WCS facility.

Headward erosion of the draws was also evaluated. Monument Draw, New Mexico and

Monument Draw, Texas are typical of the draws that cross the Southern High Plains surface.

The most recent episode of incision and widening of these valleys began 20,000 years ago, and

ended 12.000 years ago when sediment began aggrading in the valleys (Holliday, 1995). Filling

of the valleys culminated about 3000 years ago, and little aggradation or downcutting has

occurred in the past 3000 years. Estimated rates of recent incision (downcutting) in the modern

draws range from 0.06 inlyr to 0.08 in/yr (Gustavson et al., 1980; Finley and Gustavson, 1980;

Finley. 1981). The valleys average about 1542 feet in width, and the average maximum width is

about 4000 feet (Holliday, 1995). If the valleys were initially incised and widened over a time

span of 8000 years (20,000 to 12,000 years ago), then the flanks of the valleys retreated at an

average rate of 1.18 in/yr to a maximum of 2.95 in/yr over that time span (assuming parallel

slope retreat mn either side of the valley axis). The WCS facility is about 3 miles east of
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Monument Draw, New Mexico. If in the future this draw were to begin a renewed episode of

incision and widening, it would take more than 160,000 years (at the average rate of 1.18 in/yr)

for eastward retreat of the flank of Monument Draw, New Mexico to approach the WCS facility.

These drainages have not widened their valleys for the past 12,000 years; hence, retreat of the

valley flanks would require renewed downcutting in the lower reaches of Monument Draw, New

Mexico, and would also likely require a return to climatic conditions that prevailed during the

Late Pleistocene when the draws were incised (Lehman, Appendix 6.2-2).

4.3.1.2 Wind Erosion

Over the past 2 million years, most of the Southern High Plains surface experienced periods of

wind erosion and deposition, alternating with periods of stabilization of the surface by

vegetation, resulting in soil formation (Holliday, 1989). As a result, the Southern High Plains

surface has experienced net aggradation (not erosion) resulting in deposition of the cover sands

of the Blackwater Draw Formation that blankets most of the surface. Radiometric age

determinations on ash beds and interbedded playa deposits demonstrate that deposition of the

Blackwater Draw Formation began prior to 1.4 million years ago and continued until at least

100,000 to 50,000 years ago (Gustavson et al., 1991). Interbedding of the Quaternary

Blackwater Draw Formation with radiocarbon-dated playa basin deposits suggests that

deposition continued at least locally up to 3000 years ago (Gustavson et al., 1991; Hotliday, et

al., 1996). At least two recent episodes of regional eolian deposition younger than the

Blackwater Draw Formation have also affected the southwestern part of the Southern High

Plains in the vicinity of the WCS facility, and more localized episodes of eolian deposition have

occurred on the down-wind side of lake basins and draws over the past 10,000 to 20,000 years.

In local areas where wind has deflated the surficial sediments down to the resistant Caprock

caliche, this has effectively halted further eolian deflation of the surface because the indurated

Caprock caliche is relatively hard and deflation-resistant.

Surficial eolian deposits (induding the Blackwater Draw Formation and younger windblown

sediments) range from 0 to over 100 feet in thickness, and over much of the Southem High

Plains surface average about 10 feet in thickness. As eolian deposition has taken place

intermittently for a least the past 1.4 million years, this yields an average long-term net
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accumulation rate of 0.000079 in/yr. This rate is comparable to measured rates of eolian dust

accumulation on the High Plains today (Machenberg, 1986).

The land surface in the immediate vicinity of the WCS facility is topographically high and capped

by the indurated Caprock caliche, but the surrounding area is blanketed by at least three

successive layers of eolian sediment deposited over the past 2 million years. These eolian

deposits are today partially stabilized by vegetation. If future conditions allow for increased

sand mobility (increased aridity), the vicinity of the WCS facility will likely receive additional input

of eorian sediment The source area for local eolian sediment lies to the south and west of the

WCS facility (upwind), in the alluvium of the Pecos River Valley, and providing future prevailing

winds remain as today, these would potentially supply fresh windblown sand and dust to the

area. It is unlikely that wind erosion could impact the WCS facility, and it is more likely that

deposition of eolian sediment would further encroach on the surrounding area (Lehman,

Appendix 6.2-2).

4.3.1.3 Development of Playa Basins

Small surface depressions (buffalo wallows) and a few established playa basins are present

within a 6.2-mile radius of the WCS facility (Figure 6.4-15). The largest of the surface

depressions within the permitted area is a small playa about 15 acres in size approximately one-

half mile northeast of the existing landfill. Remnant deposits of a filled and now partially covered

playa or salt lake basin are found about 2.5 miles east of the permitted area. Surface drainage

from the area north and east of the WCS facility flows eastward into this basin.

hI general, the small surface depressions and established playa basins range in size from 33

feet to 1.5 miles in diameter, though most are less than 0.6 miles in diameter, and exhibit up to

33 feet of topographic relief. The basins originated 30,000 to 10,000 years ago, although some

may be older, and have partially or completely filled with up to 3 to 65 feet. of sediment since

that time (Holliday et al., 1996). The basins formed within the eolian cover sands of the

Southern High Plains (Blackwater Draw) and are considered to be formed primarily by wind

erosion, and hence are larger and more numerous where the cover sands are thicker (Holfiday

et al., 1996). The basins typically hold water temporarily only after extended periods of rainfall,

WGSWINAA0030631MENEWAL APPLICATIONA 418 REVISION 0
ATTACHMENT VIlR040209.GEOLOGY DOC 9 FEBRUARY 2004



and focused hfiltration of water through the floors of the playas is considered the primary

recharge mechanism for the unconfined High Plains aquifers (Gustavson et at., 1995; Mullican

et al., 1997). Buffalo (and more recently, cattle) may also have played a role in enlarging the

original depressions by transporting mud or dust out of the basins on their hooves and hides.

Recent studies suggest that some larger playas, such as several near Amarillo in the northern

panhandle of Texas, may be influenced by subsurface dissolution or Permian salts.

Playas and playa development have been the subject of considerable research since they were

identified as internally-drained ephemeral surface water sources (e.g. Dumble, 1888).

Gustavson et al. (1995) provide a review of the processes that form playas, concluding that no

single process accounts for their origin. Gustavson et al. (1995) indicate that playas result from

a number of different and intermittently active processes, which include eolian deflation and

deposition, fluvial erosion and lacustrine and deltaic deposition, ground water recharge,

pedogenesis, salt dissolution and subsidence, dissolution of soil carbonate, and animal

activities. The origin of the playas in the vicinity of the WCS permitted area facility is most likely

a result of the development of 'solution pans', or localized dissolution of the Caprock caliche at

or near the ground surface. Gustavson et al. (1995) indicate that some playa basins probably

began as solution pans on the Caprock caliche as early as the late Tertiary.

Development of playa basins does not result in substantial erosion of the surrounding landscape

because topographic relief is low, and relatively small amounts of sediment removed from the

surrounding watershed are concentrated in the basin and subsequently removed in part only by

wind erosion when the lake is dry. The basins do not expand beyond an optimum diameter of

several kilometers after they form and remain approximately fixed in diameter throughout their

history (Holliday et al., 1996).

A number of irregularly-shaped salt lake basins occur on the Southern High Plains. The basins

are currently groundwater discharge areas where large quantities of soluble salts have

accumulated in lake waters and sediments (Gustavson et al., 1995). The solutes in the salt

lakes and the evaporite minerals are derived from evaporation of the local groundwater (Wood

et al., 1992). The origin of these basins has been attributed to several processes (summarized

in Gustavson and Finley, 1985), including subsidence (Baker, 1915), deflation (Evans and
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Meade, 1945). blockage of previously existing valleys (Reeves, 1966; Reeves and Parry, 1969)

and accelerated erosion at intersections of lineaments representing the earth's regmatic shear

pattern (Reeves, 1970). Gustavson and Finley (1985) concdude that development of some of

the larger lake basins has been influenced by both dissolution-induced subsidence and

deflation. Wood et al. (1992) showed that the salt lake basins could result solely from deflation

in areas where the water table in the Ogallala aquifer was high due to underlying bedrock highs.

The nearest salt lake basins to the WCS facility are Whalen Lake and Shafter Lake located to

the east-southeast approximately 16 miles and 24 miles, respectively. A local depression about

2.5 miles east of the WCS permitted area, which contains Quaternary playa deposits (Tahoka

Formation) partially covered by recent windblown sand, may be either a larger playa or a basin

with a similar origin to the salt lake basins. Under any of the hypotheses of the origin of the salt

lake basins, their development occurred over geologic time scales of millions to hundreds of

millions of years. The salt lake basins are not an active geologic process that could affect the

WCS facility.

4.3.2 Erosion of the Southern High Plains Escarpment

The escarpment bordering the Southern High Plains (the Caprock escarpment) on the west,

north and eastern sides has developed over geologic time and continues to retreat by erosion.

The WCS facility is about 10 to 15 miles southeast of Mescalero Ridge, where the western

Caprock escarpment is topographically well defined. In the WCS vicinity, the Southern High

Plains has begun to physiographically lose definition as an escarpment and become more of a

gently southeastward sloping topography that indistinctly blends into the Edwards Plateau

further to the southeast Mescalero Ridge is retreating eastward and northward, away from the

WCS area. The northward head-cutting of Monument Draw into Mescalero Ridge defines the

southernmost extent of active erosion of the Caprock escarpment in the area. Although the

WCS site does not appear to be located in an area where the Caprock escarpment would

develop or retreat under existing physiographic conditions, the potential rates of erosion for the

escarpment are instructive should erosional directions alter in the future, perhaps in response to

deep-seated salt dissolution in the Pecos or Monument Troughs. A detailed discussion of

escarpment erosion is provided by Dr. T. M. Lehman (Appendix 6.2-2). Parts of the discussion

below are taken from Appendix 6.2-2.
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The rate of the erosional retreat of the escarpment has been estimated based on projecting the

original aerial extent of the Ogallala Formation relative to its present outcrop limit over the time

elapsed since the end of deposition of the Ogallala Formation from 3 to 5 million years ago

(Gustavson et al., 1980) (Figure 6.4-17). The present limit of the Ogallala Formation along the

southwestern margin of the Southern High Plains is approximately 43 to 93 miles east of its

postulated maximum limit along the eastern flank of the Guadalupe and Sacramento Mountains

(Gustavson et al., 1980) (Figure 6.4-17). Assuming parallel slope retreat on both sides of the

Pecos River Valley, the western escarpment of the Southern High Plains has retreated to the

east 22 to 47 miles (relative to the present position of the Pecos River) owing to incision and

widening of the Pecos River Valley following the end of Ogallala deposition. This results in an

annual retreat rate of 0.275 to 0.59 in/yr if Ogallala deposition ended 5 million years ago, or an

annual retreat rate of 0.47 to 0.98 inlyr if Ogallala deposition ended 3 million years ago

(Lehman, Appendix 6.2-2).

This estimate is complicated by recognition that the Pecos River Valley has subsided in

response to subsurface salt dissolution, and that downcutting and widening of at least the lower

part of the Pecos River Valley must have occurred before or during deposition of the Ogallala

Formation, because the alluvial fill of the lower Pecos Valley (Cenozoic Alluvial Fill or Gatuna

Formation) is at least 13 million years old (as old as the basal sediments of the Ogallala

Formation (Powers and Holt, 1993; Hawley, 1993). The youngest part of the Gatuna Formation

is no older than 600,000 years. Hence, some or most of the eastward retreat of the Caprock

escarpment in this area must have occurred prior to 600,000 years ago. If the present eastern

limit of the Gatuna Formation marks the former position of the Caprock escarpment 600,000

years ago, then retreat of the escarpment for the past 600,000 years has been a maximum of

12.5 to 18.6 miles, and as little as 1.9 to 3.85 miles in other areas (based on Gatuna

distributions shown by Kelley, 1980). This yields minimum and maximum annual retreat rates of

1.2 to 2 in/yr (Lehman, Appendix 6.2-2). A comparable estimated retreat rate of 1.6 in/yr was

determined for widening of the Canadian River Valley, which is also incised into the High Plains

surface along a belt of dissolution-induced subsidence active before, during, and after Ogallala

deposition (Gustavson et al., 1980). The Canadian and Pecos Rivers are thought to have been

affected by the same processes, and hence retreat rates may have been similar in both valleys.
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A number of authors have produced similar estimates for the rate of retreat of the eastern

escarpment of the Southern High Plains based on geomorphic history (Table 6.4-2). These

estimates range from 1.6 in/yr to a maximum of 7.5 in/yr. Given that the original extent of the

Ogallala Formation east of the Southern High Plains was as much as 2 to 3 times greater than

its original extent west of the present Southern High Plains escarpment (Figure 6.4-17) and

assuming that both western and eastern escarpments of the Southern High Plains retreated

simultaneously, then the eastern escarpment must have retreated at least 2 to 3 times faster

than the western escarpment, and perhaps as much as 6 times faster (Osterkamp and Wood,

1984).

A number of authors have determined modern erosion rates for the eastern escarpment of the

High Plains (Table 6.4-2). These estimates are based on 2 to 4 years monitoring of erosion

pins emplaced on varied slopes and soil types bordering the Southern High Plains escarpment,

suspended sediment loads of streams draining the escarpment, and reservoir sedimentation

rates. The erosion rates measured in these studies range from a low of 0.004 in/yr to a

maximum of 28.5 in/yr. The maximum short-term erosion rate found in these studies (28.5 in/yr)

was for headcut erosion of a vertical scarp in completely unconsolidated modem alluvium.

These data were summarized by Gustavson and Simpkins (1989), who regarded a range of 0.4

to 1.2 in/yr as reasonable for modem erosion rates. Annual rainfall in the region where these

studies were conducted (northeastern border of the Southern High Plains) is 18 to 20 in/yr,

rather than the 12 to 14 in/yr received in western Andrews County, therefore the erosion rate

measurements are higher than would be expected in the vicinity of the WCS facility.

As indicated in the opening paragraph of this discussion, erosional retreat of the Caprock

escarpment does not appear to be occurring in the direction of the WCS area. However,

assuming that conditions could physiographically lead, at some future time, to escarpment

retreat toward the WNCS area, Lehman (Appendix 6.2-2) estimates the time for escarpment

retreat to approach the WCS area. Assuming the present closest position of the Caprock

escarpment is approximately 22 miles to the west-southwest of the WCS facility (near Jal, New

Mexico), and further assuming an average rate for erosional retreat of the escarpment

estimated above (about 2 in/yr), it would require about 700,000 years for eastward retreat of the

escarpment to reach the WCS vicinity. Alternatively, assuming escarpment retreat were to
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occur along the eastern flank of Monument Draw, New Mexico, it would require 100,000 years

at an average rate of about 2 in/yr for escarpment retreat to approach the WCS area.

Escarpment retreat is, therefore, not considered to be an issue with respect to the WCS facility.

4.3.3 Erosional Features within the Permitted Area

Present-day erosional features within the WCS permitted area were identified using aerial

photographs and topographic maps and field reconnaissance of the area. Physiographically,

the WCS facility is located on a gently sloping plain with a regional slope toward the southeast

at 8 to 10 feet per mile (Reeves, 1966). Local slope across the permitted area is to the

southwest toward Monument Draw, New Mexico at approximately 50 feet per mile. Soils

developed across the permitted area are typically shallow fine sandy loarns with moderate to

rapid permeability. The hazard of soil blowing is noted as moderate (Conner et al., 1974).

Erosional features developed within the permitted area include several subtle surface water

drainage features located in the southeastern comer of the permitted area. These drainage

features developed along the flanks of Windmill Hill and gather surface water runoff from

Windmill Hill and the ranch house area. Drainage in these features is to the west-southwest.

Other erosional features identified within the permitted area include a topographic bench and

several small depressions or playas. The bench runs through the center of the permitted area

at an alignment of 300° to 320° and with a relief of approximately 20 feet. The bench developed

as an erosional feature along the preferred jointing direction in the Southern High Plains. Four

small depressions or playas are located on the northern half of the permitted area. The largest

of these has a diameter of 1200 feet along its long axis, while the smallest is approximately 200

feet in diameter.

Terra Dynamics (1993) identified a subtle surface water drainage feature and five additional

small depressions within the boundary of the landfill. These erosional features were removed

during construction of the landfill and are no longer present within the permitted area.
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The landforms within the WCS permitted area were evaluated using stereoscopically-paired

aerial photographs from the 1938 and 1981 as well as NHAP color infrared aerial photographs

from 1983 and 1986. The objective of this photo-geologic analysis was to determine where and

how any possible changes in landforms had occurred due to erosion. The vertical exaggeration

of the stereoscopic images was exploited to help detect any erosional changes in topography.

Other characteristics compared between different sets of aerial photographs were shapes and

sizes of drainageways and depressions or playas and observable changes in location or

direction of these features.

Landforms on the WCS permitted area have remained virtually static for at least the last 70

years. No observable changes were detected in drainageway location, direction, shape or size

or in the location, shape or size of the depressions or playas. The geologic interpretation is that

active erosional processes have a relatively low impact in the permitted area, which is typical of

this type of arid climate. This interpretation is consistent with Lehman (Appendix 6.2-2) who

concludes that the present landscape of the Southem High Plains is in dynamic equilibrium.

Local erosion by overland flow is balanced by local deposition when surface water runoff ponds

in depressions and playas, and local wind erosion is balanced by local sediment deposition

transported from upwind source areas. Lehman (Appendix 6.2-2) also concludes that the area

is not subject to significant long-term erosion, but if anything, to slow aggradation due to

addition of eolian sediment.
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5.0 SITE SUBSURFACE SOILS INVESTIGATION

5.1 INVESTIGATION PROCEDURES

Site investigation activities were initiated in 1992 and have continued through 2003. During this

period, seven (7) investigation events have been conducted for the purpose of characterizing

the subsurface conditions. A total of 220 borings have been drilled and 109 monitor wells and

piezometers installed. The site investigation activities included: the drilling of continuous cores

and soil borings; geophysical logging; surface seismic surveys; and the installation of

piezometers and monitoring wells. A summary of soil boring, well completion and selected

geologic data is provided in Table 6.5-1. Soil boring locations, geologic logs and well

completion logs are provided in Appendix 6.5-1. Geophysical logs are provided in Appendix

6.5-2. The locations of the borings in the area of the permitted boundary of the site are shown

on Figure 6.5-1. The locations of the borings outside the permitted boundary of the site are

shown on Figure 6.5-2.

5.1.1 1993 RCRA Site Investigation Activities

In 1993, Terra Dynamics, Inc. and Jack H. Holt and Associates, Inc. (JHA) conducted a

hydrogeologic site investigation for the purpose of preparing the Geology Report of the initial

Permit Application. A total of 59 borings was drilled in 1992 and 1993 to evaluate the

hydrogeologic and geotechnical conditions at the site. Each of the borings was geologically

logged from cores and grab samples. At nine boring locations, 14 monitor wells were

completed. At each of the nine monitor well boring locations, the borings were geophysically

logged. The results of the boring and monitor well installation were the basis for the evaluation

of site hydrogeologic conditions presented by Terra Dynamics, Inc. in the original Permit

Application.

JHA prepared a geotechnical and engineering analysis of the soil conditions in the area of the

proposed landfill for the original Permit Application. The JH-A report includes laboratory

analyses from geotechnical testing, an analysis of foundation stability, and a slope stability

evaluation.
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5.1.2 1997 Weaver Boos Municipal Landfill Siting Investigation

In 1997 Weaver Boos Consultants, Inc. conducted a two phase investigation that included the

drilling of 26 borings to the west and southwest of the RCRA landfill. With the exception of two

borings that were located on adjacent property further west, the borings were located on WCS

property in New Mexico. The purpose of the investigations was to evaluate subsurface

conditions in the area of the proposed Lea County, New Mexico Sanitary Landfill. The first

phase of the investigation was conducted for the purpose of locating the landfill. The second

phase was conducted to evaluate the geologic conditions beneath the current area of the Lea

County landfill that is currently in operation. The results of the geologic investigation were

reported in a 1998 Solid Waste Landfill Application for a Permit in Lea County, New Mexico,

which is presented in Appendix 6.5-3. This site has been permitted and is currently in

operation.

5.1.3 1998 11(e)2 Siting Investigation

In 1998 numerous borings were drilled to evaluate a potential landfill location for the deposition

of 11(e)2-defined materials. The field investigation activities were conducted by JHA in three

phases and consisted of drilling 65 borings and constructing five monitor wells or piezometers.

The first phase of the investigation is located to the west/southwest of the existing RCRA landfill

and consisted of advancing 28 borings and installing monitor wells at three of the boring

locations. These borings are identified with the nomenclature 'A series borings. The second

phase borings are located to the north of the existing RCRA landfill and consisted of six borings.

These borings are identified as the 'B" series borings. To distinguish between the 'B' series

borings drilled in 1993, the year of the borings has been added to the nomenclature of the 1998

borings. The third phase borings are located to the west of the existing landfill in New Mexico

and consisted of advancing 31 borings (NMB series) two of which were completed as monitor

wells. The boreholes of the two monitor wells have also been geophysically logged. Two

separate reports, dated 30 December 1998 and 11 February 2000 were prepared for these

investigation activities. These reports are presented in Appendix 6.5-3.
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5.1.4 RCRA Monitor Well Installation

Espey, Huston and Associates, Inc. (EHA) drilled nine borings and installed a total of 23 monitor

wells in two phases around the existing RCRA Landfill. The first phase occurred in 1996 and

included seven borings and the installation of 17 monitor wells. The second phase occurred in

1998 and included two borings and the installation of six monitor wells. The 23 monitor wells

are nested and located at four upgradient and five downgradient locations. At each of the nine

locations there are two wells screened into the upper and lower portion of the uppermost water-

bearing "225 foot zone" siltstone unit. At each of the five downgradient locations an additional

monitor well is screened in the dry 125-foot siltstone unit EHA completed two separate reports

for the well installation activities, these reports are presented in Appendix 6.5-3.

5.1.5 Texas Tech Piezometers

In 1999 Texas Tech University Water Resources Center drilled and installed 35 piezometers to

investigate shallow subsurface conditions with particular interest in the location of groundwater

occurrence on top of the red bed clay. The piezometers are located across the entire WCS

property. A copy of this report is presented in Appendix 6.2-1.

5.1.6 2001 11(e)2 Siting Investigation

In 2001 Cook-Joyce, Inc. drilled and installed 12 monitor wells (PM series) and 13 piezometers

(TP series) to evaluate the hydrogeologic conditions of an area in the eastern portion of the

permitted boundary of the site. The purpose of the investigation was to further evaluate this

area of the site for the potential location of an 11 (e)2 landfill site. Seven of these borings were

geophysically logged and the geophysical logs are presented in Appendix 6.5-2.

5.1.7 Additional Piezometers

In 2003 and 2004 two additional piezometers were installed on the WCS property and nine

borings were drilled on adjacent property to the west in association with a geologic investigation

conducted by Louisiana Energy Services (LES). Piezometer NMP-01 was installed in May of

2003 and is located on WCS property in New Mexico to the southwest of the RCRA landfill. The
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purpose of installing the piezometer was to further evaluate the groundwater gradient in the

'225 foot zoner uppermost groundwater-bearing unit. Piezometer TP-14 was installed in 2004

and is located to the east-northeast of the RCRA landfill and was installed in a depression or

playa where groundwater was encountered above the red beds of the Dockum Group.

Nine borings were drilled across Section 32 in New Mexico adjacent to the WCS property. Six

of these borings were advanced to the top of the red beds and three were advanced to

approximately 250 feet below ground surface. The three deep borings were used in this report

to supplement the site borings in determining the structure of the '225 foot zoner that is

considered the upper most aquifer beneath the WCS site.

5.1.8 Additional Geologic Data

In addition to the geologic boring data and the monitor wellslpiezometers that have been drilled

and installed, two geophysical surveys have been performed, and the two non-potable water

supply wells have been geophysically logged. The two geophysical surveys were conducted by

Advanced Geological Services and Geological Associates in 2001 and include a total of eight

lines, four resistivity and four seismic lines, that are located to the north-northwest of the RCRA

landfill and to west of the landfill location in the area of the 2001 11 (e)2 siting investigation. The

results of these surveys are presented in Appendix 6.5-4.

The geophysical borehole logging conducted by Computalog, has been conducted in the site's

two non-potable water wells which produce from the lower sandstones of the Dockum Group to

evaluate the deeper stratigraphic conditions in the area of the site. The geophysical boring logs

are presented in Appendix 6.5-2.

5.1.9 Survey Control

Survey control of the borings and wells has been conducted through several events since 1993.

As surveying technologies evolved, various surveying bchniques have been utilized for the

different surveying events. In addition, survey control of the benchmarks used for the various

events has changed. Due to the variations in the survey techniques and benchmark controls,
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reported survey data on some of the boring logs and monitor well construction forms required

adjustment. The adjusted elevations are presented in the tables in Appendix 6.5-1.

The survey of the initial 59 borings and wells that was conducted for the 1993 RCRA

investigation used a benchmark elevation that has subsequently been adjusted. This survey

data was collected using survey methodologies that do not possess the accuracy of subsequent

surveys that utilized GPS surveying systems. Therefore, due to benchmark adjustments and
comparisons to later surveys of the existing wells from this investigation, an adjustment to the

elevations have been made. Based on these adjustments it is believed that the elevations

presented in this report are within a reasonable degree of accuracy.

The survey data presented on the logs of the Weaver, Boos investigation for the Lea County

Municipal Landfill project is limited. Of the two investigation activities conducted by Weaver,

Boos, surveyed elevations are reported for the borings. However, horizontal control of the first

phase was not presented but a boring location map was presented. The second phase borings

were located with a local grid system with an undefined origin. To determine an approximate

boring location, these borings were plotted cn a U.S. Geological Survey (USGS) Topographic

Map based on the submitted location maps and then compared to reported elevations to the

elevations of the plotted locations on the topographic map. Based on the general concurrence

of the two elevations, it i; believed that the locations presented in this report are properly

located within a reasonable degree of accuracy.

The six B-98 series borings conducted as part of the 1998 11 (e)2 investigation were not

surveyed. The locations of these boring are estimated in this report based on the boring

location map prepared as part of the investigation. The elevations of these borings were

estimated from elevations shown on the site topographic maps.

5.2 SUBSURFACE STRUCTURE

The site subsurface structural analysis is based on data compiled from all site investigation

activities that includes 220 geologic borings (Table 6.5-1) and 17 geophysical logs. The

structural interpretation derived from this information is summarized in five shallow geologic
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cross-sections, A-A' through E-E'. A cross-section location map is provided as Figure 6.5-3.

The five shallow cross-sections are provided as Figures 6.5-4 through 6.5-8. An isopach map of

the overburden material is provided as Figure 6.5-9. A contour map of the top Cf the Dockum

Group is provided as Figure 6.5-10. Structure maps of the top and bottom of the '225 foot

zone, which is the upper most water-bearing zone, are provided as Figure 6.5-11 and 6.5-12.

The site subsurface data supports the regional structural analysis of horizontally configured

intervals in descending order of recent wind blown sand and the Blackwater Draw Formation,

caliche overburden material and undifferentiated materials of the Ogallala, Antlers and Gatuna

(OAG) Formations overlying primarily silty claystone, siltstone and sandstone of the Dockum

Group sediments. The contact of the OAG units and the Dockum is an erosional unconformity.

Lithologic intervals within the Dockum Group range from discontinuous to laterally extensive.

Based on the structure of the laterally continuous p225 foot zone', which is a siltstone in the

Dockum Group, the local depositional framework indicates no evidence of faulting in the study

area.

5.2.1 Surface and Shallow Strata

The surface and the shallow soil strata of the study area generally consist of, in descending

order, windblown sands, unconsolidated and indurated caliche, sand and gravel. This zone

overlies the Triassic age Dockum Group and is generally referred to as the overburden material.

The overburden generally ranges in thickness from 8 to 70 feet in the study area. An isopach

map of the overburden thickness is presented as Figure 6.5-9. Overall thickness of the

overburden thins from the flanks of the red bed ridge to the top of the ridge where the

overburden is the thinnest in the study area.

5.2.2 Dockum Group

The buried surface of the local Dockum Group indicates a paleotopographic expression as a

ridge. The overburden OAG sediments, which range in age from Cretaceous to Tertiary,

disconformably overlie the Dockum Group. The Dockum Group sediments are locally overlain

by 8 to 80 feet of overburden deposits in the study area.
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As shown in a map of the top of the Dockum Group (Figure 6.5-10), a buried ridge runs in a

roughly northwest/southeast direction through the middle of the local study area. Three cross-

sections (C-C', D-D', and E-E') run generally perpendicular to the axis of this ridge.

In the study area, the highest measured elevation of the buried ridge is 3453 feet msl. The

north side of the ridge has relatively gentle relief of approximately 25 feet over 4200 feet (0.6%

relief) in the study area. The south side of the ridge has considerably more relief. In the west

central portion of the study area, along the Texas-New Mexico border, the top of red beds

grades from an approximate elevation of 3450 to 3365 feet msl over 1800 feet (6.2% rehlef). In

the south central to southeastern portion of the study area, the red bed ridge grades from

approximately 3450 to 3375 feet msl over 4200 feet (1.7% relief).

Structure maps (Figure 6.5-1I and 6.5-12) of the top and bottom of the '225 foot zone" indicate

a gentle dip to the south-southwest. The top of the '225 foot zone' dips at rate of about 1.3% to

the southwest in the central part of the study area.

The-dip in the '225 foot zone" is in contrast to the regional dip of Dockum Group that is toward

the center of the Dockum Basin located to the north-northeast of the site. The localized dip

could be due to variations in localized depositional activities and differential compaction.

5.2.3 Surface Structure

The topography of the study area generally slopes to the south-southwest. In the study area

there are three general areas of varying slope. In the northern and central portions of the study

area, the land surface is relatively flat but gently slopes to the south-southwest at approximately

10 feet over 3,000 feet. From the south central portion of the study area, surface grades

increase to a drainage feature that is located in the southern portion of the site. The slope of

the land surface from the south central portion of the site to the drainage feature is

approximately 25 feet over a distance of 500 feet. This drainage feature slopes from east to

west, at approximately 50 feet over a distance of 7,000 feet, where the drainage feature
discharges from the site towards Monument draw.
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Localized drainage depressions, such as playas or buffalo wallows, are located in the northern

and central portion of the study area. The origin of these depressions or playas is discussed in

Section 4.3.1.3.

One of the local depressions or playa areas was investigated by a series of four borings around

the location of boring B-41. At this location, a depression in the surface of the Dockum Group

corresponds to the overlying topographic depression. Both the depression in the surface of the

top of the red bed and the overlying playa have relief of approximately four feet However, the

structure map of the top of the "225 foot' siltstone does not hdicate a similar depression

beneath the surface depression. Therefore, it is unlikely that the playa is due to the dissolution

and slumping of underlying Dockum Group or deeper evaporite layers. The structural

depression in the surface of the Dockum Group is probably a reflection of a small-scale

paleotopographic depression scoured into the surface of the Dockum Group prior to the
deposition of Ogallala Formation sediments.

The playas appear to be aligned generally in a pattern that parallels the red bed ridge near

where the overburden material is thinnest. As discussed in Section 4.3.1.3, the playas near the
ridge are likely due to dissolution of the near-surface caliche material.

The results of the coring and soil boring activity at boring B-41 suggest that partial dissolution of

the shallow caliche cap may have occurred. The continuous core boring encountered only six

feet of caliche cap, consisting primarily of calcium carbonate-cemented silt and sand. However,

four exploration soil borings drilled along the outer rim of the playa (borings 41-N, 41-S, 41-E

and 41-W) encountered a thickness of caliche cap ranging from 5.7 feet to 15.6 feet, with an

average thickness of approximately 10.2 feet. This suggests that a portion of the caliche cap

material at B-41 may have been dissolved at or near the surface, which is consistent with the

playa development process discussed by Gustavson, et al (1995).

Potential surface water infiltration and localized groundwater in the area of playas is supported

by the presence of saturated conditions within the shallow sand and gravel immediately

overlying the red beds in borings (B-41 and TP-14), located in two different playas. These two
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playas are located in the center and the northern portion of the study area, respectively.

However, cores and four soil borings surrounding location B-41 did not produce water.

The U.S. Geological Survey. NE Eunice sheet identifies the presence of a depression west of

the study area as Baker Spring. However, there is also evidence that supports this feature is at

least partially a result of past quarrying activities. As part of an investigation of the area, a

pedestrian survey was conducted. A surface engineering control, or diversion berm, was

identified above the quarry high wall. It appears that the berm had been constructed to divert

surface water from the north and cause it to flow to the east of the former quarry area.

Stockpiles of the overburdened silt and very fine sand material, which is typically not suitable for

sand or gravel use, were identified in the area south of the quarry floor. In addition, the area of

the quarry is littered with debris such as thick cable and other scrap metal components that

appear to be parts of excavation equipment. It appears that the quarry floor has been

excavated to the top of the redbed through the removal of the overlying sand and gravel

reserves. The quarry floor is presently at a lower elevation than the natural drainage features

that flow from the northwest and the northeast, and merge in the area of the quarry that formerly

ran to the south. Both of these drainage features now allow surface water to flow into the old

quarry floor, which causes ponding. The quarry floor is several feet below the outlet that would

otherwise flow to the south. Therefore, the results of past quarrying activities allow surface

water that formerly flowed through the natural drainage feature to be diverted and now pond in

the quarry floor.

In an interview with the Plant Manager of the Wallach Quarry, which is located to the west of the

Baker Spring/Quarry area, he stated that Baker Spring is not a naturally occurring feature but

the result of past mining activities. He stated that Mr. Baker conducted mining operations of the

sand and gravel materials above the red bed beginning in the 1940's and continued into the

1950's. He further stated that Baker did not have a crusher and at one time hauled the material

to a crusher in the vicinity, which was owned by Wallach.

A search of historic aerial photographs identified a series photographs from 1939 that can be

viewed in stereopair and a single aerial from 1949. These aerial photographs are presented in

Appendix 6.5-5. The 1939 photos show a clean fresh face of the excavation and stockpiles of
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mine spoil. The quarry floor appears to have regularly shaped excavation patterns with

stockpiles and what appear to be ponds. The 1949 aerial photograph shows a network of

roads, including a main road that leads south towards State Highway 234, in the area of the

excavation.

Based on the investigation of the Baker Spring area, it is conduded that the feature is principally

man-made and results from the historical excavation of gravel and caprock materials that are

present above the red bed day. As a result of the excavation, the quarry floor is topographically

lower than the surrounding area. Following rainfall events, ponding on the excavation floor

occurs. Because the floor consists of the very low permeability day of the red bed, limited

seepage of the ponded water occurs. Shading from the high wall and trees that have flourished

in the mine spoil retard the natural evaporation rates and water stands in the pond for some

time. It is suspected that during periods of ponding, a limited volume of surface water may

infiltrate into the sands at the base of the excavated wall and is retained as bank storage. As

the surface water level declines, the bank storage is discharged back to the excavation floor.

5.3 SUBSURFACE STRATIGRAPHY

The local subsurface stratigraphic framework is presented in five shallow geologic cross-

sections (Figures 6.54 through 6.5-8). These cross-sections are based on the results of the

site coring, soil boring and geophysical logging programs. Two hundred and twenty soil boring

logs are presented in Appendix 6.5-1. Seventeen geophysical logs are provided in Appendix

6.5-2. A stratigraphic column is provided as Figure 6.2-2.

5.3.1 Surficial Materials

Two types of surface material overlie the study area. In the area of the red bed ridge in the

central portion of the study area, a thin veneer of two feet or less of topsoil and wind blown sand

is present at the surface. The topsoil consists of brown silty sand that contains sparse
vegetation debris and roots.
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Off the flanks of the red bed ridge, generally to the north and south, the sand content in the

surface material increases with depth. This sand is associated with the Blackwater Draw

Formation of Pleistocene age. The Blackwater Draw consists of sand that is reddish brown, fine

to very fine grained, with minor amounts of clay and nodules of soft sandy caliche.

5.3.2 Caliche

Within the local study area, the topsoil horizon is underlain by a variable sequence of calcium

carbonate-cemented, calcrete duracrust capping material referred to as the Caprock caliche (or

simply as caliche). The Caprock cabche forms the resistant beds of the Caprock escarpment

along the western and eastern margins of the Southern High Plains (Gustavson and Finley,

1985).

A local surface exposure of the caliche was observed at Baker Spring. At this location, the

caliche consists of: approximately six feet of white, highly fractured calcium carbonate-

cemented feldspathic and quartzitic silt and very fine grained sand; overlying approximately 12

feet of white and pinkish white, massive caliche with extensive concretionary nodule growths

(i.e., pisolites) and feldspathic and quartzitic silt and very fine grained sand; resting on top of

approximately six feet of pinkish white, calcium carbonate-cemented feldspathic and quartzitic

silt, sand and gravel which becomes less cemented with depth. The lower six feet of caliche

appears to be well-to-poorly cemented calcium carbonate. The caliche has an irregular basal

contact and indicates a gadational transition into primarily uncemented sands and gravels

below.

With the exception of the western extent of the study area, the caliche was observed to be

laterally extensive throughout the area. The caliche encountered during the drilling program is

similar to the caliche exposed at Baker Spring. Matrix color ranges from white to pinkish white,

with varying degrees of cementation, hardness, fracturing and pisolitic concretions. The caliche

horizon contains varying amounts of feldspathic and qcartzitic silt, sand and gravel fragments

with a general trend of decreased cementation and increased silt, sand and gravel content with

depth. Open fractures and vugs were periodically observed within the caliche horizon.
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5.3.3 OAG Unit

The unconsolidated or semrikonsorldated sand and gravel unit that is located between the

Caprock caliche and the underling red beds of the Dockum Group has been identified in past

studies as various geologic formations including the Ogallala, the Antlers, and the Gatuna. For

the purposes of this report, this material is considered one single hydrogeologic unit of

undifferentiated Ogallala, Antlers, and Gatuna that is referred to as the OAG Unit. With the

exception of some areas on the top of the red bed ridge, where the caprock extends to the top

of the red bed, lower sand units of the OAG Unit are present across the site.

In a local surface exposure of the OAG Unit observed at Baker Spring, the sediments consist of

approximately six feet of caliche-cemented silt, sand, and gravel, resting on top of

approximately 15 feet of planar crossbedded and trough crossbedded sand and gravel.

Sediment color ranges from pinkish tan to dark brown with red, pink, white, black and opaque

quartzitic gravel clasts and granite cobbles. The base of the OAG Unit has a sharp and

irregular contact with the underlying dusky red siltstone and claystone of the Dockum Group.

OAG sediments were encountered in numerous soil borings throughout the local study area.

These sediments consist of unconsolidated to poorly consolidated fledspathic and quartzitic

very fine to coarse sand and gravel with minor silt and clay content. For the purpose of general

classification and cross-section preparation, the portion of the OAG Unit that has been

cemented as part of the overlying caliche cap, is represented in the cross-sections as caliche.

The local thickness of the OAG Unit is partially related to the structure of the underlying red bed.

The thickness of the OAG Unit generally increases off of the northern and southern flanks of the

underlying red bed ridge. In the area of the ridge, the thickness of the OAG ranges from 0 to 30

feet. Off the flanks of the ridge, within the RCRA permitted area, the OAG thickness increases

to as much as 70 feet. In addition, small-scale structural lows in the surface of the red bed

generally contain an increased thickness of OAG Unit and an increase in gravel and sandy

gravel near the contact with the underlying Dockum redbeds.
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5.3.4 Dockum Group

The Dockum Group records a period of fluvial-deltaic and lacustrine deposition within a

restricted continental basin during the Triassic (208 to 245 million years ago). The source areas

of the Dockum Group include: the Llano Uplift area to the east; the Amarillo Uplift, Wichita

Mountain Uplift and Arbuckle Mountain Uplift to the north and northeast; the Sierra Grande Arch

and Sangre De Cristo Uplift to the northwest; the Sacramento Uplift to the west; and the Diablo

Platform to the south (Figure 6.2-3).

In this report, the Dockum Group stratigraphic system proposed by Lehman (1994a, 1994b) is

adopted as discussed in the Regional Geology section (Section 2.0).

The upper surface of the Dockum Group is irregular and indicative of the erosional,

disconformable contact with the overlying OAG Unit.

The Dockum Group was penetrated to a maximum depth of 600 feet below ground level (WB-B-

110) as part of the Weaver Boos Consultants, Inc. soil boring program for the Lea County

municipal landfill investigation. In addition, the site's non-potable water supply well was

geophysically logged through the entire thickness of the Dockum to a depth of 2,470 feet below

ground level and a second well that does not fully penetrate the Dockum, was logged to a depth

of 800 feet. Continuous cores, drill cuttings and geophysical logs were used to characterize the

upper 600 feet of the Dockum Group at the site, which is considered the Cooper Canyon
Formation by Lehman (1994a, 1994b).

Based on the results of the on-site drilling program, the Dockum Group consists primarily of

reddish brown, maroon and purple siltstone and claystone with intervals of reddish tan and

greenish gray siltstone and sandstone. The portion of the Dockum Group encountered during

the or-site drilling program can be divided into five zones. The upper zone consists of primarily

dry claystone that is interbedded with relatively thin discontinuous silty sandstone layers. The

second zone encountered is a dry, fine-grained sandstone with minor amounts of silt. The third

zone is similar to the upper zone and is made up of claystone interbedded with discontinuous

silty sandstone layers. The fourth zone is a saturated, silty sandstone. The fifth zone is similar

to the first and third zones and consists of claystones and siltstones.
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The upper zone of claystone is encountered at the contact of the OAG unit and extends to an

approximate depth of 125 feet below ground level. The landfill is excavated approximately 40

feet into the upper zone. The thickness of this zone is approximately 85 feet and generally

consists of a red to purple, dry, very firm to consolidated day or claystone. Based on numerous

geotechnical tests that have been conducted on this zone, the claystone has a moisture content

ranging from approximately 1.5 to 30%, a plasticity index (PI) of 15 to 50, a dry density of 116 to

144 pounds per cubic foot, percent passing the #200 sieve of 90 to 100%, and permeability of

109 to 104 centimeters per second (Table 6.5-2). Discontinuous stringers of sandstone with silt

have been identified in some of the site borings and a dry sand lense was exposed just below

the OAG-Dockum contact in the landfill sidewall during excavation. Generally these sandstone

lenses occur at depths of 50 and 80 feet below ground level and consist of dry, fine-grained,

gray to red sand with silt and day. The sandstone lenses have Pi values as low as 13, percent

passing the #200 sieve are in the 70% range, and permeability values are in the 104 to 10'

cm/sec range.

The second zone in the Dockum red beds is encountered at an approximate depth of 125 feet

below ground level. This '125 foot zone" consists of a dry, gray to white, sandstone with silt.

This zone is laterally continuous within the study area with the exception of the far western

portion of the New Mexico borings. There are five monitor wells screened in this zone along the

southern boundary of the existing landfill. These monitor wells have been dry since they were

installed in 1996 and 1998. The upper and lower contact with the red bed daystone is

transitional making a determination of the contact arbitrary.

The third zone is similar to the uppermost zone and consists of a dry, red to purple claystone

with varying silt content The third zone is approximately 100 feet in thickness. This zone is

interbedded with discontinuous, dry, fine-grained, sandstone lenses. A discontinuous silty

sandstone zone is encountered at an approximate depth of 180 feet below ground level.

The fourth zone is encountered at an approximate depth of 225 feet below ground level and

ranges in thickness from approximately 10 to 30 feet The zone consists of a saturated, gray to

pink, fine-grained, sandstone with varying amounts of silt. This zone is the uppermost water-

bearing zone that is continuous across the site and the existing groundwater monitoring system
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for the landfill is completed into this zone. This zone has been tested in the field and the

laboratory to determine the hydraulic conductivity and permeability. Hydraulic conductivity

values range from 10' to 10'9 clsec. Laboratory porosity testing of the zone has been

conducted with results that range from 8 to 18%.

Beneath the uppermost water-bearing zone is a claystone that is the lower confining unit. This

daystone is similar b zone three. Few borings at the site have been advanced more than 10

feet into this zone. Two borings were advanced to a depth of approximately 600 feet in the area

of the existing Lea County Landfill, located adjacent to the southwest comer of the study area.

These borings indicate that the daystone is massively bedded to a depth of approximately 565

feet below ground surface where the claystone transitions into sandstone (likely the Trujillo

Formation sandstone) that was reported to be saturated. Geophysical logging has been

conducted on the site's two non-potable water supply wells. One of the supply wells, the central

well, is located in the RCRA permitted area. The second supply well, the southeast well, is

located approximately 3 miles to the southeast of the site just south of State Highway 176. The

geophysical logs also suggest that this lower confining unit is massive, with possible silty or

sandy claystone zones that are less than 10 feet in thickness. These zones occur between

depths of 374 to 690 feet below ground surface in the southeast well and 400 to 600 feet below

ground surface in the central well.

5.4 GEOTECHNICAL PROPERTIES OF THE SUBSURFACE SOILS

Geotechnical testing to evaluate the subsurface properties has been conducted as part of the

numerous site investigation activities conducted since 1992. The results of the analyses are

summarized in Table 6.5-2. The laboratory results of each of the geotechnical testing studies

are provided in Appendix 6.5-6. The following is a list of the test methods used:

* Unified Soil Classification System D-2487-90

* Sieve Analysis Including Minus No. 200 Hydrometer Analysis D422-63

* Minus #200 Mesh D1140

* Moisture Content D2216-90

* Atterberg Umits including Liquid and Plastic Limits D4318-84
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* Unconfined Compression Tests - rock specimens D2938-68

* Unconfined Compression Strength - clay soils D2166-91

• Triaxial Compression Tests D4767-88

* Unit Weight Tests D2937-90

* Permeability Tests D5084-91

* Moisture-Density Relationship - Standard Proctor D698-91

Field hydraulic conductivity testing of the 225 foot uppermost water-bearing zone has been

conducted at two locations: MW-1B and DW-36A Rising head slug tests were conducted at

each of these locations by removing a volume of water from the well and measuring the rate of

recovery versus time. The resultant hydraulic conductivity values were calculated to be 6.0x104

cm/sec and 6.17 x 10O cm/sec for MW-1B and DW-36A, respectively. The slug test data and

hydraulic conductivity calculations are presented in Appendix 6.5-7.
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6.0 GROUNDWATER

6.1 LOCAL GROUNDWATER USAGE

An investigation to identify the locations of groundwater wells in the WCS vicinity was conducted

by Banks Information Solutions, Inc. (Banks), and a pedestrian survey of the area was also

conducted. In January 2004, Banks reviewed files at the TWDB and the TCEQ and the state of

New Mexico files to identify well reports that had been submitted to the State within a Smite

radius of the approximate location of the existing landfill. The results of the report identified a

total of seven water wells within the search area. The nearest wells identified are located

approximately 1.5 miles to the southeast and to the north of the landfill. Each of the wells

identified was completed in the shallow overburden material of the OAG Unit.

In addition to the water well search, Banks also conducted a search of oil and gas wells within a

2-mile radius of the site. A total of 12 oil and gas wells were identified within the search area.

Two of the locations were proposed locations but were not drilled; six locations have been

plugged; two locations are described as shut-in oil wells; one is in production; and no

information of one well was reported. However, the location of the well number 12, for which no

information was presented, appears using a dry hole symbol and as a dry hole on the USGS

topographic map of the area. The results of the Banks survey are presented in Appendix 6.6-1.

A pedestrian survey of the WCS property was conducted to inventory the locations of water

wells. The results of the pedestrian survey identified an additional five wells (Figure 6.6-1) in

the area of the uninhabited ranch house, located approximately one mile east of the landfill, that

were not identified in the Banks search. Four of the wells are shallow wells completed into the

overburden material. Two of the wells are located at the ranch house and two are located

approximately 0.5 miles to the northeast of the ranch house. The fifth well is Tthe site's central

well, used as a non-potable water source, corresponds with the location of well number 8 of the

oil and gas search. This well was reported to have been converted to a water supply well.

Based on the geophysical log of this well, the accessible depth of the central well is 2,470 feet

below ground level.
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6.2 FACIUTY GROUNDWATER

In the study area, 104 piezometers or monitor wells have been installed to evaluate the local

groundwater conditions. The well completion diagrams fbr these wells and piezometers are

presented in Appendix 6.5-1.

6.2.1 Groundwater Occurrence

Groundwater was encountered in four units in the study area. The three upper zones, the OAG

unit and a- two discontinuous sandstone seams in the Dockum Group at approximately 80 and

180 feet below ground level, contained localized discontinuous lenses of groundwater. The

fourth is the uppermost water-bearing zone or 'aquifer that is continuous across the site is

located in the '225 foot zone".

If groundwater was encountered in the boring, the depth is noted on the geologic logs. Historic

depth to groundwater measurements of the site's monitor wells and piezometers are presented

in Table 6.6-2. The maximum and minimum stabilized groundwater elevations of these wells

and piezometers are presented in Table 6.6-3.

OAG Unit

Saturated conditions were encountered in the OAG unit at seven of the total of 172 borings

located in both the RCRA permitted area and the NMB series borings located immediately to the

west These isolated locations (B-41, TP-14, NMB-37, Ar28, A16, TP-05 and TM-09) are

located in the area of the higher elevations of the red bed ridge. At each of these locations, the

groundwater is unconfined. TP-14, A-16, TP-05 and TLi.09 were completed as monitor wells.

Two of the locations with saturated conditions (B-41 and TP-14) are located in the area of

localized depressions or playas. Boring B41 was not completed as a piezometer but four

additional borings were drilled around the edge of the depression to determine the extent of

groundwater. All but one of these perimeter borings was dry, suggesting that the groundwater

is an isolated occurrence.
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Boring A-16, which was completed as a monitor well, indicates a thin lense of groundwater, that

is approximately 1 foot thick, remains perched on top of the red bed. The geologic log of boring

A-28, which is located topographically downgradient of A-16 based on the top of red bed

elevation, also recorded saturated conditions in the OAG unit. Borings A19 and B-20, that are

located topographically side gradient of A,28, were not saturated.

Groundwater was also encountered in boring NMB-37. There are six borings that are generally

located around NMB-37 that did not encounter groundwater. Therefore, the groundwater

encountered in boring NMB-37 appears to be isolated and of limited lateral extent.

TP-05 and PM-09 are located near the eastern boundary of the permitted area. These two

wells indicate the presence of groundwater and appear to be the edge of the zone of continuous
saturation in the Ogallala aquifer to the east of the permitted area.

As part of Texas Tech 1999 investigation (Appendix 6.2-1). 35 borings were drilled of which 34

were completed as piezometers. The piezometers are located across the WCS property, which

is approximately 23 sections (Figure 6.6-2). Groundwater was encountered in 17 of these

piezometers. The location, thickness, and elevation of the groundwater at each of the locations

are also shown in Figure 6.6-3. In addition, other boring and piezometer locations where

groundwater was identified in the OAG Unit are shown on this Figure. The occurrence of

groundwater in the OAG Unit has been identified in three areas of the WCS property. The first,

as previously discussed areis the isolated occurrence, of groundwater on the crest of the red

bed ridge.

The second area is on the northwest portion of the WCS property outside the RCRA permitted

boundary of the site. In this area, three piezometers (PZ-1, PZ-2, and PZ-16) indicated

saturated conditions in the OAG Unit. The saturated thickness of the OAG unit in these

piezometers ranges from 6 to 25 feet. To the southeast of these, piezometefs-piezomneter PZ-5

is dry. Borings WB-4 and WB-8 are located to the south and also did not indicate the presence

of groundwater. Based on the groundwater elevations of the three piezometers in this area, the

groundwater flow direction is to the southeast.
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The third occurrence of groundwater in the OAG Unit is generally to the east of the RCRA

permitted boundary of the site. In this area, groundwater is present in the OAG at 14

piezometers locations with a saturated thickness ranging from I to 18 feet. Based on the

groundwater elevations recorded from these 14 piezometers, the groundwater flow direction is

to the east.

South of the permitted area the OAG Unit appears to be dry based on unsaturated conditions in

11 piezometers.

80 Foot Sandstone

The '80 foot sandstone is a discontinuous saturated zone. Two wells are completed in this

zone, PM02 and PM-08. At these two locations groundwater is under confined conditions.

180 Foot Sandstone

The "180 foor sandstone is a discontinuous saturated zone. Of-tne four wells completed in

this zone, 4C. 5C, 6B1 and PM-09, indicate that the groundwater is under confined conditions.

Uppermost Aquifer

The uppermost aquifer at the site consists of the saturated "225 foot zone' in the Dockum

Group. Currently there are nine sets of two nested monitor wells completed into the *225 foot

zone'. At each monite location a monitor well is screened in the upper and lower portion of the

"225 zone'. The thickness of this zone at the existing monitor wells ranges from 26 to 30 feet.

The two nested monitor wells at each location are completed with 15 feet of screen in the upper

and lower portions of the water-bearing zone. The existing monitoring system of this zone

consists of four upgradient monitor wells (MW-1A and B through MW4A and B) and five

downgradient monitor wells (DW-32A and B through DW-36A and B). In addition to the "225

foot" monitor wells, an additional supplemental monitor well (SW-32 through SW-36) has been

completed in the unsaturated "125 foot zone' at each of the downgradient monitor well

locations. The upgradient and downgradient wells are located on approximately 150-foot

spacing.
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Within the study area, there are currently 32 wells completed in the '225 foot zone' at 21

locations. The list of wells completed in the '225 foot zone" is shown on Table 6.6-1.

6.2.2 Monitor Well Groundwater Levels

Depth to groundwater measurements have been recorded in each of the site's monitor wells on

a quarterly basis since the wells were installed. However, due to the low permeability of the

'225 foot zone" and the withdrawal of groundwater for sampling purposes, static levels have not

been achieved. Therefore, to determine the groundwater elevations needed to develop a

gradient map of this zone, supplemental wells were used. The groundwater levels for the site

monitor wells and the supplemental wells are presented in Table 6.5-1.

6.2.3 Limits of the Uppermost Aquifer

As previously discussed, the uppermost aquifer beneath the landfill ad-that is continuous

across the site is the '225 foot zone". Structure maps of the top and the bottom of the

uppermost aquifer are presented in Figures 6.5-11 and 6.5-12. This zone ranges in thickness

from 11 to 30 feet in the study area.

6.2.4 Hydraulic Gradient

Based on the groundwater elevations from the wells and piezometers that were determined to

be properly screened across only the '225 foot zone" and have stabilized groundwater levels, a

table containing monthly gauging elevations was developed and is included as Table 6.6-2.

Horizontal Groundwater Gradient

Groundwater gradient maps have been constructed utilizing the semi-annual gauging events

recorded in April 2003 and October 2003 (Figures 6.64 and 6.6-5). These two figures

represent the groundwater elevation data collected during the spring and fall 2003 groundwater

monitoring events. Included in the fall 2003 gradient map is the groundwater elevation for

piezometer NMP-01, which was installed in May 2003.
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The groundwater gradient maps for Spring and Fall 2003 are similar in both the direction and

the magnitude of the gradient. The groundwater flow direction is to the south-southwest at an

average gradient of 0.016 ft/ft across the site.

Groundwater Velocity

The velocity of the groundwater in the uppermost aquifer has been calculated based on the

groundwater gradient, the hydraulic conductivity, and the porosity using the following

expression:

Groundwater velocity= -
0

Two in-situ hydraulic conductivity tests have been conducted of the "225 foot zone' at monitor

well locations MW-1B and DW-36A The tests were conducted by lowering the water level in

the wells and measuring the rate of recharge versus time. The resulting hydraulic conductivity

values were calculated to be 6.0 x 10- cm/sec and 6.17 x 10- cm/sec for MW- B and DW-36A,

respectively. The geometric mean of the hydraulic conductivity as determined from the two field

tests of the 225 foot zone' is 6.06 x We- cm/sec. Five laboratory permeability tests were also

conducted to evaluate the hydraulic conductivity of the '225 foot zone". The geometric mean of

the hydraulic conductivity as determined from the five laboratory tests of core samples from the

"225 foot zone' is 1.07 x 1 0- cm/sec. A geometric mean of the hydraulic conductivity in-situ and

laboratory values (6.06 x 1 O08 and 1.07 x I 0-8 cm/sec) is 2.55 x I 04 cm/sec.

The hydraulic gradient in the "225 foot zone' is approximately 0.016 fttft based on the 2003

groundwater gradient maps presented in Figures 6.6-4 and 6.6-5. A porosity value of 14% was

used for calculation of velocity. This value is an average of four laboratory-determined porosity

values. Porosity results for the core samples ranged from 8%/-18%. These laboratory results

are presented in Appendix 6.5-6.

The calculated groundwater velocity is:
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Groundwater velocity=-velcit=-0

Hydraulic conductivity (K)

Hydraulic gradient (i)

Porosity (0)

= 2.55 x 10.8 cm/sec

= 0.016 ft/ft

= 0.14

2.55E-08cmlsec x 0.016 ift x 86,400sec/dayx 365day/yr x Ift/30.48cm

0.14

Groundwater velocity = 0.003 ft/year

6.2.5 Gradient Variations

As previously discussed, the horizontal gradient of the '225 foot zoned is to the south-southwest

at an average of 0.016 ft/ft based on two determinations in 2003. Over the past two years of

monitoring groundwater levels, the groundwater gradient in the area of the landfill varies little

between monitoring events from 0.015 to 0.017 ft/ft. The two in-situ hydraulic conductivity

results at DW-36A and MW-11B are similar at 6.0 x104 and 6.13 x 108 cm/sec. It should be

noted that these in-situ hydraulic conductivity tests were able to be conducted on these wells

because the groundwater recovered more rapidly following sampling events (i.e. over a period

of 2 to 3 months) than in the remaining monitor wells. Therefore, if additional in-situ hydraulic

conductivity tests were to be conducted on the remaining monitoring wells, these hydraulic

conductivities would be expected to be less than the tests conducted. This would result in a

decrease in the estimated groundwater velocity of the '225 foot zone'.

The '225 foot zone" is under confined conditions with a hydraulic head of approximatcly 60 to

430 feet depending.--eth-o the "225 feet ze location of the well-point-

ielatienshiDito the water level.
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There does not appear to be communication between the '225 foot zone" and upper or lower

water-bearing zones. Where present, the upper dscontinuous "180 foot' sandstone is mostly

dry with only isolated lenses of groundwater. Where groundwater is present in the 180 foot

tabel-sandstone, the groundwater levels are significantly lower than the hydraulic head of the

*225 foot zone". Therefore, it is unlikely that these two sandstone zones are in communication.

The first reported occurrence of groundwater beneath the "225 foot zone' is at an approximate

depth of 600 feet below ground level. Although completion records of the site's southeast non-

potable water supply well are not available, the total depth of the well has been measured at

850 feet below ground level. It is believed that this well is completed into the Trujillo Formation

of the Dockum Group at about 600 feet below ground surface. The water level of the southeast

supply well is at 290 feet below ground level. This water level is approximately 50 feet below

the base of the "225 foot zone" and is approximately 150 feet below the hydraulic head of the

'225 foot zone". The water level in the non-potable central supply well, which is believed to be

completed in the Santa Rosa Formation between 1,140 and 1,400 feet below ground surface, is

about 600 feet below ground surface. The very large hydraulic head differences between the

"225 foot zone", the Trujillo Formation at 600 feet below ground surface, and the Santa Rosa

Formation at 1,140 feet below ground surface indicates that there is virtually no vertical

hydraulic communication in the Triassic Dockum Group in this area.

6.2.6 Conceptual Release Pathway

In the event of a breach of the landfill primary liner system, the following simplified conceptual

model of the migration pathway is presented. If the leachate exits below the primary liner, the

landfill's secondary landfill system would then prevent the leachate from migrating further.

In the event that the secondary liner system failed, the leachate collection system would collect

leachate. The leachate collection system is designed to maintain a maximum leachate level of

1 foot in the base of the landfill.

The 1 foot of leachate would represent a minimal driving force for the downward migration of the

leachate through the red bed claystone. With the approximate hydraulic conductivity of the
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claystone of 1 x I W cm/sec, or 2.8 x 10 ftday, and at a thickness of 40 feet below the base of

the landfill and assuming a vertical downward gradient of 1 and a porosity of 0.14, it would

require approximately 5,400 years at a velocity of 0.00739 ft/year (as calculated below), which

does not include the time necessary to saturate the claystone, for leachate to reach the =125

foot" sandstone. The '125 footf sandstone is currently being monitored with the SW series

monitor wells that are located along the southern boundary of the site.

VeIocity= E-09c/sec x f x 86,400sec/dayx 365daylyr x 1WJ30.48cm
- 0.14

=0.00739 ft/yr

The "125 footf sandstone has an approximate permeability of 1 x 106 cm/sec, or 2.8 x 1 f3

ftday. Based on a thickness of 20 feet of this zone, it would require approximately 3 years for

the leachate to migrate to the base of this zone and into the underlying claystone that has a
permeability of approximately I x I 09 cm/sec.

Assuming that the leachate would continue to move vertically through the underlying claystone,

it would require approximately 13,500 years, at 0.00739 ft/yr, to reach the uppermost aquifer in

the '225 foot zone' sandstone.

Totaling the estimated travel time through each of these three zones, it will require

approximately 18,900 years for a release from the landfill to intersect the uppermost aquifer, at

an approximate depth of 225 feet below ground level.

The groundwater velocity in the uppermost aquifer has been calculated to be 0.003 ft/year.

Assuming that a water well was installed within 100 feet of the landfill into the uppermost aquifer

and screened such that groundwater from this zone was harvested, it would require another

year 30,000 years for the groundwater to intersect the well.

WCSFINAL%030631RENEWAL APPLICATIONI REVISION 0
ATTACHMENT VI lR040209 GEOLOGY.DOC 6 9 FEBRUARY 2004



6.3 DETECTION MONITORING

As discussed in Section 6.2.6. it is estimated that it will require approximately 19,000 years for a

release from the landfll to impact the groundwater and an additional 30,000 years for the

affected groundwater to migrate to a well located within 100 feet of the landfill. However, a

groundwater monitoring system is proposed. In the unlikely event that a release from the land

disposal area were to occur and migrate to the uppermost water bearing zone or aquifer, the

monitoring well system and the detection monitoring program are designed to provide a reliable

indication of the presence of hazardous constituents in the ground water. The following

sections describe the existing and proposed monitor well system, including well location, well

design, and development; groundwater sampling procedures and frequency; detection

monitoring parameters and analytical procedures; and data evaluation procedures.

6.3.1 Monitor Well Locations

Monitoring wells will be completed in the uppermost aquifer, which is located at an approximate

depth of 225 feet below ground level at the downgradient limit of the waste disposal area. In

addition, at each of the downgradient monitoring locations, supplemental observation wells will

be completed in the upper dry sandstone/siltstone zone that occurs at an approximate depth of

125 feet below ground level.

Based on groundwater elevations measured in site piezometers completed in the uppermost

aquifer, the groundwater gradient is to the south-southwest (Figure 6.64). The proposed

detection monitoring system consists of 28 downgradient monitoring locations, including five

locations at which monitoring wells have previously been installed (Figure 6.6-5). The location

of the property boundary in relationship to the RCRA permitted boundary is shown on Figure

6.6-1. The location of borings in the area of the landfill are shown on Figure 6.5-1. The existing

monitor wells are spaced on approximately 150-foot centers, and future monitor wells are

proposed to be constructed at the same spacing. This spacing is appropriate for detection of a

release, particularly in view of the extremely remote potential for a release to reach the

uppermost aquifer. The point of compliance for the landfill monitoring system is also presented

on Figure 6.6-6.
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6.3.2 Monitor Well Design

Future monitor wells will be constructed in accordance with ASTM Method D5092, Design and

Installation of Groundwater Monitoring Wells in Aquifers, and the requirements of the permit.

The general specifications to which the existing monitor wells were constructed are presented in

Table 6.6-4. Their construction provides for the collection of samples that are representative of

ground-water quality at the point of compliance. The design and construction of future monitor

wells are discussed below.

The monitor well boreholes will be drilled with air rotary techniques to a minimum depth of 1 foot

into the confining redbed clay and claystone underlying the uppermost aquifer. The wells will be

constructed with a minimum of 2-inch inside diameter (ID) flush threaded PVC casing, screen

and end cap. The screen will be factory-slotted to 0.01 inches. The casing will be pre-cleaned

and sealed for delivery on-site, or will be pressure washed prior to placement in the well.

Casing centralizers will be placed in the borehole on approximately 50-foot centers to ensure

proper placement of the filter pack and grout. A permanent mark or notch will be placed in the

top of the casing at the surface for survey and groundwater gauging purposes. The top of the

casing will be fitted with a seal cap.

At each location, the entire aquifer thickness will be screened with one or more wells having a

screened interval no greater than 15 feet, resulting in a nest of wells at locations where the

aquifer is greater than 15 feet in thickness. This manner of construction is consistent with the

completion of the existing wells, and will be followed at future well locations. A properly sized,

dean siliceous granular material filter pack) will be placed in the annular space around the

screen and will extend 2 to 3 feet above the top of the screen. A granular bentonite seal will be

placed above the sand pack to a minimum thickness of 2 feet Sufficient time will be allowed for

the bentonite seal to be hydrated with native groundwater. In the event that the groundwater

does not recharge to a thickness to hydrate the lower 2 feet of the bentonite seal within a

reasonable time, deionized (Dl) water may be used to hydrate the seal material. Samples of the

Dl water will be collected and analyzed for the parameters presented in Table 6.6-5. A cement

bentonite grout will be placed above the bentonite seal to within 2 feet of the surface. Prior to
construction of the surface completion, additional bentonite grout will be added if settlement

occurs.
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The well will be completed at the surface with a lockable steel protective casing, a concrete pad,

and protective steel bollards. The concrete pad will extend into the annular space to the top of

the cement bentonite grout and at the surface will be extend a minimum of 2 feet around the

protective casing. The steel protective casing will be placed over the well casing and will extend

a minimum of 2 feet below ground level. Protective steel bollards will be placed around the

concrete pad and will extend to a minimum height of 4 feet.

Monitor well design and construction will be conducted under the supervision of a Texas

Licensed Professional Geoscientist. A Texas Licensed Professional Geoscientist will submit a

certification report within 60 days of installation of the proposed monitor wells. The certification

report will include the following information:

* Name/number of the well;

* Intended use of the well;

* Date and time of the construction activities;

* A description of the drilling method;

• Surveyed location of the well and the ground surface and top of casing elevations;

* The diameter of the borehole and the casing diameter,

* The total well depth;

* A geologic boring log;

* The depth to the first saturated zone;

• Identification of well materials;

* The screen size and the screened interval;
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* The volume of the sand filter pack, bentonite seal, and bentonite grout;

• Placement method of the filter pack, bentonite seal, and bentonite grout;

* Surface construction as built drawing, including a description of the protective casing,
bollards, and the size of the concrete well pad; and

* Well development procedures.

The general design of the proposed monitor wells is shown on Figure 6.6-7.

6.3.3 Monitor Well Development

Newly installed monitor wells will be developed prior to the initial sampling event to repair

borehole wall smearing that may have resulted from drilling and to remove fines from the well

and filter pack. Well development will be conducted by a combination of surging, pumping, and

bailing the groundwater in the well. Initially, the well will be surged using an inert surge plug of a

diameter slightly less than the ID of the well casing. The surge plug will be moved up and down

through the screened interval of the well to force groundwater across the filter pack and

borehole wall. Groundwater will then be pumped from the bottom of the well to remove fines

that have entered the casing. This procedure will be repeated until groundwater conditions

stabilize based on visual observations of turbidity. Once the sample appears to be relatively

free of sediment or the sediment content has stabilized, groundwater will be field-tested for pH

and conductivity. Well development will be deemed complete after these field measurements

have generally stabilized.

6.3.4 Groundwater Sampling Procedures

Prior to the collection of groundwater samples, the monitor well surface completion will be

inspected to evaluate the integrity of the well. If the result of the inspection determines that

general maintenance of the well is required, such action will be completed and noted in the

Annual Groundwater Monitoring Report. (Note: if the integrity of the well has been
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compromised such that the collection of a representative sample can not be performed, the a

proposal for replacement of the damaged well will be submitted to TCEQ within ninety days of

the date of the inspection that identified the deterioration.)

Until April 2003. the wells were generally purged prior to sampling. However, historically slow

recharge of the uppermost aquifer precluded the groundwater from fully recovering between

semi-annual sampling events. Purging the wells prior to sampling was discontinued in April

2003, as authorized by a permit modification approved by the TCEQ on February 26, 2003.

Because groundwater is so slow to recharge, purging of the groundwater prior to sampling is not

required to insure that fresh groundwater" is available for collection during sampling and wells

will not be purged prior to sampling.

Prior to the collection of a groundwater sample, the water level in the detection monitoring and

supplemental wells (if present) will be gauged using an electric line tape and recorded to the

nearest 0.01 foot Groundwater samples will be collected using new, dean, dedicated or

disposable bailers fabricated of inert materials or dedicated pumps. Measurement of pH,

conductivity and temperature will be conducted and recorded in the field.

The groundwater samples will be placed in laboratory supplied containers that will include

preservatives as required. The samples will be placed in cooled ice chests for storage and

shipment to the laboratory under standard chain-of custody procedures.

The supplemental wells will be gauged during each groundwater sampling event. In the event

that liquid is identified in the supplemental wells, a sample will be collected in the same manner

as described for the detection monitoring wells.

6.3.5 Groundwater Sampling Frequency

An evaluation of groundwater recharge rates and the groundwater gradient in the water bearing

zone of interest at the WCS site has been performed. The purpose of the evaluation was to

estimate the amount of time necessary for 'new' groundwater to be available for sampling

based on site-specific conditions. 'New' groundwater is desired to be sampled at each
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monitoring event so that independent samples are collected for data evaluation purposes, as

required by applicable regulations.

Assuming purging is not conducted before sample collection, the volume of groundwater

removed to conduct the required laboratory analysis is approximately 3 gallons or 0.401 ft3.

The radius of influence of this volume of removed water in the water-bearing zone of interest is

estimated at 0.733 ft. as calculated below.

Volume M1 of water removed = 0.401 ft3

Water-bearing zone of interest screen length (h) = 15 ft

Water-bearing zone of interest porosity (0) = 14 percent

4F7

JO.401 ft3
p xO. I 4x1 5f

radius = 0.246 ft

In order for "new" and -independent" groundwater for a sampling event to occupy a well after a

sampling event, groundwater must flow under natural conditions from the upgradient end of the

radius of influence to the downgradient end. i.e., a total distance of 2 x 0.246 ft, or 0.492 ft.

Another way to say this is that although one would expect water to refill the well from 360

degrees, only be water from upgradient is new water, or water that has not been sampled

previously. Therefore, it takes water that moves twice the distance of the radius of influence to

be new water.

The minimum time taken for 'new" groundwater to occupy the sampling volume and provide an

"Independent" sample is about 164 years (OA92 ft divided by 0.003 ftlyear) for a porosity of

0.14.
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These calculations approximating site-specific conditions of the water-bearing zone of interest

demonstrate that the interval between sampling events must be much longer than a year in

order to collect independent samples from the monitoring wells at each sampling event

Although it is estimated that a period of 64164 years will be required for independent

groundwater to be available for sampling, the current groundwater sampling frequency of

staggered semi-annual monitoring will be continued. Samples will be collected in the first month

of the second and fourth quarters of the calendar year (April and October). The monitor well

pairs at each of the downgradient locations will be sampled every other 6month period.

Therefore, as presently being conducted, the even numbered paired wells will be sampled in the

first semi-annual sampling event and the odd numbered paired wells will be sampled in the

second semi-annual sampling event.

As discussed in Section 6.3.7, data evaluation procedures do not involve comparison of

downgradient monitoring data to background data. In addition, given the very slow rate of

groundwater flow as previously discussed, any wells located upgradient of the waste

management area are so far removed from the point of compliance in terms of time of travel that

they are not likely to represent the same data population for the naturally-occurring parameters

as that present along the point of compliance. Consequently, no sampling of the upgradient

monitor wells is proposed.

6.3.6 Analytical Parameters

A list of the analytical parameters, analytical method, detection limit, and concentration limits is

presented in Table 6.6-5. The parameters listed in Table 6.6-5 will provide a reliable and early

indication of any groundwater contamination at the site. General water quality parameters of pH

(field), conductivity (field), Total Organic Carbon (TOC), and total phenolics will provide useful

information regarding the general quality of the groundwater and as general indicators of

contamination. The list of analytical parameters was approved by the TCEQ in a permit

modification authorization dated October 7, 2003.
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The metal parameters that are currently being analyzed in the groundwater monitor wells

include arsenic, cadmium, nickel, and selenium., These metals were selected based on an

analysis of mobility of several metals that were identified in leachate samples collected from four

landfill cells in March of 2002 (Table 6.6-6).

Of the eight RCRA metals, antimony, beryllium, chromium, and silver were not detected in any

of the leachate samples and were therefore eliminated as reliable indicators of groundwater

contamination. Each of the remaining metals was further evaluated in terms of mobility.

Mobility was evaluated in terms of the potential for transfer of the metal from the soil matrix to

the groundwater matrix. The soil-leachate partition factor (Ksw), which represents the

conventional three-phase equilibrium partitioning relationship among the soil, pore water, and

pore vapor phases of the soil matrix, was used as the relative measure of mobility. Calculation

of the soil-leachate partition factor is a function of a pH-dependent soil-water sorption coefficient

(Kd). Soil-leachate partition factors were calculated for each metal using the Kd coefficients for

pH levels of 5, 6, 7, and 8. The calculations are summarized on Table 6.6-7.

Concentration-weighted mobility factors were then calculated for soil pH values of 6, 7. and 8,

since soils at the site were anticipated to fall within the neutral to alkaline range, using the

maximum and average leachate concentrations as shown on Table 6.6-6. The calculations of

concentration-weighted mobility factors are summarized on Table 6.6-8. The metals were then

ranked, based on the concentration-weighted mobility factors. Table 6.6-9 provides the

concentration/mobility rankings in descending order for the metals, based on maximum leachate

concentrations, for soil pH values of 6, 7, and 8. The concentration/mobility rankings for the

metals based on average leachate concentrations are provided in descending order in Table

6.6-10 for soil pH values of 6, 7, and 8.
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Review of Tables 6.6-9 and 6.6-10 demonstrates that arsenic is the first or second-highest

ranking constituent in both tables for all soil pH values. Therefore, arsenic was selected as a

detection monitoring parameter. The top five highest ranking metals other than a-senic on

Tables 6.6-9 and 6.6-10 for all three pH levels are identified below, together with the number of

times the metal was in the top five.

Metal Number of Top Five
Occurrences

Nickel 6

Selenium 6

Barium 5

Cobalt 4

Cadmium 3

Of these five metals, WCS proposes to include nickel, selenium, and cadmium as detection

monitoring parameters. Including arsenic, this yields a total of four metals proposed for the

detection monitoring program. Cadmium was selected instead of cobalt and barium since these

two metals have much higher acceptable levels in groundwater. The current maximum

allowable concentrations of these constituents in groundwater are 1.5 mg/L for cobalt (TRRP

Tier 1 Residential Groundwater PCL) and 2.0 mg/L for barium (EPA Maximum Contaminant

Level), while the maximum allowable concentration of cadmium in groundwater is 0.005 mg/L

The organic parameters for the groundwater monitoring program were selected based on a

review of the waste characteristics, detected organic constituents in The landfill leachate, and

the relative mobility of organic compounds. Table 6.6-11 identifies the organic constituents

detected in the landfill leachate, their concentration, and data relative to environmental mobility

for these parameters.

The specific organic parameters proposed for the detection monitoring program consist of the

priority pollutant volatile organics, excluding methylene chloride, 2-chloroethylvinylether,

acrolein, and acrylonitrile; plus acetone and carbon disulfide. In addition, WCS poposes to
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include phenol, which is a semi-volatile (acid-extractable) organic, and 1.4-dioxane, which can

be analyzed as a volatile or as a semi-volatile (base/neutral) organic.

Priority pollutants were identified by EPA under the NPDES program as the most prevalent

chemicals in industry. Due to their prevalence and mobility, this subset of organic constituents

has been determined to be a reliable indicator of ground water contamination at numerous

federal Superfund sites. As a class, the volatile organic constituents are more mobile in the

environment than the semi-volatile organic constituents. Many of the organic constituents

detected in the leachate from the WCS landfill are volatile organics. Further, the priority

pollutant volatile organics inckude chlorinated organic compounds that were not detected in

these particular leachate samples, but are prevalent in commerce and in many areas of

impacted ground waters across the country.

Other organic constituents detected in the landfill leachate would generally be less mobile than

the proposed volatile organics, and if a release from the landfill were to occur and impact

groundwater quality, volatile organics would be expected to be present. As such, the volatile

organics will provide a reliable indication of any organic constituents that may reach

groundwater at the site. However, since phenol exhibits a similar mobility (based on the Kd for

this compound), this semi-volatile organic will also be included as a detection monitoring
parameter.

Methylene chloride will not be included as a monitoring parameter due to its common detection

as a laboratory contaminant. In addition, 2-chloroethylvinylether is not included since it is a

constituent listed in Appendix Vill of 40 CFR Part 261, but was not included as a constituent in

Appendix IX of 40 CFR Part 264. Acrolein and acrylonitrile are not included because the

laboratory reporting limit for each of these constituents is 20 pg/L and the Appendix IX PQL for

each is 5 jig/L. Acetone and carbon disulfide, which are not priority pollutants, are included in

the proposed volatile organic monitoring parameters since they were detected in the landfill

leachate. WCS proposes to analyze for 1,4-dioxane using EPA Method 8270 for semi-volatile

organics. since this method has a significantly lower reporting limit than Method 8260. Table

6.6-12 identifies the detection monitoring parameters and the methods for chemical analysis of

the parameters.
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6.3.7 Data Evaluation and Response

The results of the groundwater analyses obtained for each monitoring event will be evaluated to

assess whether any indication of contamination is evident. The volatile organic priority

pollutants, carbon disulfide, acetone, 1,4-dioxane, and phenol do not occur naturally in soils

and/or groundwater. Consequently, these parameters will be evaluated for indication of a

statistically significant increase by direct comparison to the PQL values listed in Appendix IX of

40 CFR Part 264. These PQLs represent the lowest concentrations of analytes in ground

waters that can be reliably determined within specified limits of precision and accuracy under

routine operating conditions.

Due to the large number of organic constituents being monitored and the part per billion

concentration ranges of the PQLs, there is a significant probability over time that one or more of

these constituents will be reported in one or more samples due to artifacts of the sampling and

analytical process, rather than as a result of the actual presence of the constituent in the

groundwater. To verify a reported organic constituent is actually present in the groundwater, a

resample event will be included as part of the procedure for determination of a statistically

significant increase.

In the event that an apparent statistically significant increase is identified for any well in a given

monitoring event, the well(s) will be resampled as soon as possible and the samples(s) will be

analyzed for the parameter(s) for which apparent statistically significant increases were

identified. If the resampling data also indicates a statistically significant increase, the increase

will be considered to be confirmed, and the TCEQ Executive Director will be notified in writing

within seven days of the confirmation. In addition, WCS will immediately sample the

groundwater in all monitoring wells that exhibit a confirmed statistically significant increase,

analyze these samples for the hazardous constituents listed in 40 CFR Part 264, Appendix IX,

and comply with all other applicable requirements of 30 TAC §335.164(7).

The potential for metals to reach the uppermost water bearing zone or aquifer, if a release

occurred from the landfill, is limited by sorption and other attenuation processes that metals

undergo. These attenuation processes represent a significant reduction in the potential

concentration of metals that could reach the uppermost water bearing zone at approximately
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225 feet below ground surface. Given these migration-limiting circumstances applicable to

metals, and the fact that other parameters not subject to the same degree of attenuation will be

evaluated, metals data will not be evaluated statistically. WCS will evaluate the metals data

qualitatively through review of graphs of concentration over time and include a discussion of the

qualitative data evaluation in the annual groundwater monitoring report.
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TABLE 6.3-1
WASTE CONTROL SPECIALISTS LLC

WATER WELLS WITHIN A 2-MILE RADIUS OF THE LANDFILL SITE IN 2004

State Longitude Latitude Elevation Owner Total Depth Date Drilled Aquifer Depth to Water Measurement Date
- W N ( (feet msl) [ (feot) [ (feet) ___|

TX 103.0444 32.4603 3491 Ed Tinsley Unknown 00/00/40? Oallala 82.47 11/15/74
TX 103.0350 32.4275 3495 Bill Vance Unknown Unknown Ogallala 78.55 12/10/65
TX 103.0314 32.4278 3477 Flying W Ranch 80 Unknown 0rallala Unknown Unknown
NM 103.0845 32.4695 3552 Hard B. Tapp Unknown Unknown Unknown Unknown Unknown
TX 103.0111 32.4437 3475 Ralph McWhorter 85 10/13/78 Oallala Dry 10/13/78
NM 103.0862 32.4751 3530 Seth Brown Unknown Unknown Unknown Unknown Unknown
NM 103.0977 32.4674 3487 W&W.O. Stephens Unknown Unknown Unknown Unknown Unknown
NM 3497 Paul Wallach 65 00/00/50 Trlassic 36.39 Unknown
NM 3472 Parabo, Inc. Unknown 00/00/85? Oaalala 53.5 Unknown- - -0=

WCS\FINA0S03063\RENEWAL APPLICATION
ATTACHMENT VMT040209.TABLES-6.3-1-6.3-2-6.4-1-6.4.2.XLS



TABLE 6.3-2
WASTE CONTROL SPECIALISTS LLC

SUMMARY OF WATER WELL GROUNDWATER-QUALITY CHARACTERISTICS IN WESTERN ANDREWS COUNTY, TEXAS AND
EASTERN LEA COUNTY, NEW MEXICO

- * p = p - q =
Well No.

26-40-201
Well No.

26-40-201
Well No.

26-40-601
Well No.

26-40-601
Well No.

26-40-602
Parabo, Inc.

MW-79*

Aquifer Ogallala | Ogallala j Ogallala Triassic

Well Depth (feet) Unknown Unknown | 80

Sample Date 10/09/80 05/22/96 10/09/80 08/01/74 10/10/90 01/28/87

Calcium (mg/L) 206 NR 62 60 78 340

Magnesium (mg/L) 17 NR 8 11 21 41.5

Sodium (mg/L) 92 NR 20 20 36 239

Bicarbonate (mg/L) 205 166 233 231 249 NR

Sulfate (mg/L) 196 150 19 15 39 359

Chloride (mg/L) 265 317.5 8 9 39 723

Nitrate (mg/L) 65.5 NR 23.2 24 4.07 NR

Fluoride (mg/L) 0.4 0.51 0.8 1 0.76 NR

Silica (mg/L) 53 34.3 44 39 43 NR

TDS (m/IL) 1070 NR 308 293 429 2386

Cond (mmhos/cm 3) 1250 1109 415 437 459 2450

IPH 8.1 8.15 8.0 8.0 7.14 NR

mg/L = miligrams per liter
mmhos/cm = micromhos per cubic centimeter
NR Not Reported

* Terra Dynamics 1993
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TABLE 6.4-1
WASTE CONTROL SPECIALISTS LLC

HISTORICAL SEISMIC ACTIVITY WITHIN 250 KM (155 MILE) RADIUS
FACILITY (322.433N, 103.05W)

DATE LOCATION DISTANCE DISTANCE INTENSITY | MOMENT
| LATITUDE (N)j LONGITUDE (W) | (MILES) (KM) MAGNITUDE

08116/31 30.6 104.1 140 225 Vill _
08/16/31 30.6 104.1 140 225 _
08/16/31 30.6 104.1 140 225 _
08/16/31 30.6 104.1 140 225

16/31 30.6 104.1 140 225
08/16/31 30.6 104.2 143 230 Vill l
08/16/31 30.7 104.6 150 241
08/16/31 30.7 104.6 150 ' 241
08/18/31 30.6 104.1 140 225
08/18/31 30.7 104.6 150 241 V
08J18/31 30.7 104f6 150 241
08/19/31 30.6 104.1 140 225 V
08/19/31 30.6 104.1 140 225 VI
08/19/31 30.7 104.6 150 241 III
08/26/31 30.6 104.1 140 225 III
08/26/31 30.7 104.6 150 241 III
11/03/31 30.7 104.6 150 241 III
12/20/35 34.4 103.2 136 219 V
01/08/36 32.4 104.2 67 108 H
01/08/36 32.4 104.2 67 108 tl
02102149 32.4 104.2 67 108 IV

2/02149 32.4 104.2 67 108
05/22/52 33 105 120 193 IV
1/27/55 30.6 104.5 152 245 IV

01/27/55 30.6 104.5. 152 245 IV
01/27/55 30.6 104.5 152 245 IV
12/10/61 32.24 103.86 49 79
12/10/61 32.26 103.86 48 77
12110/61 32.263 103.865 48 77
03/06/62 31.08 104.55 _ 128 206
02111/64 34.35 103.73 138 222
11/08/64 31.9 103 37 60
11/08/64 31.93 102.98 35 56 I
11/21/64 31.9 103 37 60 _-
11/21/64 31.92 102.98 35 56
02/03/65 31.9 103 37 60
02/03/65 31.92 102.96 35 56
08/30/65 31.92 102.98 35 56 _
08/30/65 32 102.3 53 85 IV
08/30/65 32.08 _ 102.42 44 71 IV
08/30/65 32.1 102.3 49 79 IV
08/30/65 32.1 102.3 49 79
8/14/66 31.7 103.1 50 80 VI

0814/66 31.92 102.98 35 56
08/14/66 32 102.6 40 64 VI
8/14/66 32 102.6 40 64 VI
8/14/66 32.12 102.34 47 76 VI

05/02168 33.02 105.27 135 217
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TABLE 6.4-1
WASTE CONTROL SPECIAUSTS LLC

HISTORICAL SEISMIC ACTIVITY WITHIN 250 KM (155 MILE) RADIUS
FACILITY (322.433N, 103.05W)

DATE LOCATION DISTANCE DISTANCE INTENSITY MOMENT
LATITUDE (N) LONGITUDE (W) (MILES) (KM)_ MAGNITUDE

051(2/68 33.02 105.27 135 217
07/30(71 31.64 103.17 55 89 III
07130(71 31.7 103 50 80 III
07130(71 31.7 103.1 50 80 _-
07/30171 31.72 102.996 49 79
07130(71 31.74 103.09 48 77
07/31(71 31.59 103.12 58 93
07/31(71 31.65 103.12 54 87 IV
07/311 31.7 103.1 50 80 IV
07/31(1 31.7 103.1 50 80 IV
07/31171 31.703 103.061 50 80
09/24171 31.6 103.2 58 93
09/24/71 31.63 103.18 56 90
07/26172 32.68 103.98 56 90
07/26(72 32.68 103.98 56 90
10/02/74 31.98 100.71 140 225
11/12(74 32.06 100.98 123 198
11/28/74 32.3 104.1 61 98 IV
11/28(74 32.31 104.14 63 102 4
11/2874 32.31 104.14 64 103 _
112874 32.311 104.143 64 103
11/28174 32.63 104.01 57 92
11/28174 33.765 104.99 144 232 - _
2/30/74 30.92 103.11 104 167

12/30(74 30.92 103.11 104 167
0801(75 30.57 104.49 154 248 II
08/0175 30.65 104.57 152 245
8/01(75 31.42 104.01 89 144 5

08/01175 31.425 104.012 89 143
01/19176 30.9 103.1 37 60 ___

01/19176 31.9 103.077 37 60
01119/76 31.9 103.08 37 60 4
01/19176 31.9 103.09 37 60 IV
01/22/76 31.9 103.07 37 60 III
01/22(76 31.9 103.07 37 60 3
01122/76 31.9 103.07 37 60
01/22176 31.9 103.071 37 60
01/25/76 31.9 103.08 37 59 4
01/25176 31.9 103.09 37 60 V
01/25176 31.902 103.08 37 60 V
01/25/76 31.93 103.09 35 56
04/03176 31.3 103.17 78 126
04/21(76 32.21 103.1 16 26
0421(76 32.21 103.1 16 26 _

05/01176 32.27 103.14 12 19
0501/76 32.4 103.1 3 5
08/05/76 31.57 103.02 60 97
08/05/76 31.57 103.02 60 97
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TABLE 6.4-1
WASTE CONTROL SPECIALISTS LLC

HISTORICAL SEISMIC ACTIVIlY WITHIN 250 KM (155 MILE) RADIUS
FACILITY (322.433N, 103.05W)

DATE | LOCATION | DISTANCE DISTANCE INTENSITY MOMENT
jLATITUDE (N)| LONGITUDE (W) MAGNITUDE

09/17176 31.4 102.5 78 126
0911776 32.21 103.1 16 26 _

09/1776 32.21 103.1 16 26

091/76 30.69 104.43 144 232

12/19116 32.259 103.08 12 19

1211916 32.26 103.08 12 19
04/07f77 32.23 103.07 14 23 IV
04/07/77 32.23 103.07 14 23

04/26/7 31.9 103.08 37 59 3

04/2677 31.9 103.08 37 60

04/2677 31.902 103.083 37 60

04/2677 32 103.1 30 48
06/07/ 32.85 100.9 128 206

06A)77 32.858 100.77 135 217

06/077 33.058 100.749 140 225

06/077 33.06 100.75 141 227 4

06/07/ 33.13 100.94 131 211 _ _

06/08177 32.7 100.72 136 219 _

08/77 32.8 100.9 127 204
06/0877 32.858 100.77 135 217

06/08177 32.89 100.95 126 203

0617177 32.346 100.4 154 248

06l/7/77 32.35 100.4 154 248

07/2277 31.8 102.7 48 77
11/27177 32.862 100.68 140 225

11/27177 33.03 101.08 121 195

11/28/77 32.95 100.84 134 216 4
11/28/77 32.954 100.837 133 _ 214

11/28n77 32.96 100.88 131 211 _

11/2877 33.022 100.84 134 216

02/18/78 31.35 104.56 115 185

03a/0278 31.52 102.41 73 117
03A/2/78 31.55 102.5 69 111 V
03/02178 31.56 102.51 68 110 4

03/0278 31.562 102.512 68 109 _ I
016/78 32.87 100.99 123 198

016/78 32.961 100.79 136 219

06/16178 32.99 100.88 131 211
06/16/78 33.03 100.766 138 222

06/16/78 33.03 100.77 138 222 V
06/16/78 33.03 100.77 139 224 5

06/16/78 33.067 101.19 116 187
06/16/8 33.1 101.2 117 188
06/29/78 31.05 101.94 115 185 _

07A05/79 32.9 101.31 105 169 _

07/05/79 32.949 100.895 130 209
07/05179 32.95 100.89 130 210 _ _ 3
07/05/79 33 100.92 130 209
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TABLE 6.4-1
WASTE CONTROL SPECIAUSTS LLC

HISTORICAL SEISMIC ACTIVITY WITHIN 250 KM (155 MILE) RADIUS
FACILITY (322.433N, 103.05W)

DATE LOCATION | DDISTANCE | INTENSITY | MOMENT
LATITUDE (N) LONGITUDE (W) (MILES) (KM) _ MAGNITUDE

08/03/79 32.85 100.94 125 201
08/03/79 32.851 100.74 137 220
05/08/81 32.212 101.51 91 146
11/10/81 32 100.67 142 229 I__ _

01/04/82 31.18 102.49 93 149 4
01/04/82 31.18 102.49 92 148
01/04/82 31.182 102.492 92 148
04/26/82 33.02 100.84 135 217 3
04/26/82 33.02 100.84 134 216
04/26/82 33.021 100.844 134 216 _ -
11/09/82 31.99 100.7 142 228 3
11/28/82 33 100.8 136 219 ,
11/28/82 33 100.84 135 217 3
11/28182 33.003 100.842 134 216 IV
09/11/84 31.991 100.697 140 225
09/11/84 32 100.7 140 225 __ _

09/19/84 32.027 100.688 140 225
09/19/84 32.027 100.688 140 225 _ _

09/19/84 32.03 100.69 142 228 3
12/04/84 32.26 103.56 31 50 3
12/04/84 32266 103.556 32 51
12/04/84 32.266 103.556 32 51
01/25/86 32.06 100.73 139 223 3
01/25/86 32.064 100.733 137 220 _

01/30/86 32.066 100.693 140 225 IV
01/30/86 32.07 100.69 140 226 3
01/02/92 32.33 103.1 7/11* 11/18 5
01/02/92 32.336 103.101 7/11 11/18 V
08126/92 32.17 102.71 27 44 3
06/23/93 31.35 102.51 82 132 3
0414/95 30.28 103.35 149 240 6
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14195 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 2
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 2
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 _ 2
04/15/95 30.27 103.32 150 241 _ 4
04/15/95 30.3 103.35 148 238 _ 2
04/16/95 30.3 103.35 148 238 2
04/16/95 30.3 103.35 148 238 3
04/16/95 30.3 103.35 148 238 2
04/17/95 30.3 103.35 148 238 3
04/21/95 30.3 103.35 148 238 3
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TABLE 6.4-1
WASTE CONTROL SPECIALISTS LLC

HISTORICAL SEISMIC ACTIVITY WITHIN 250 KM (155 MILE) RADIUS
FACILITY (322.433N, 103.05W)

DATE LOCATION _ ( DISTANCE DISTANE INTENSITY MOMENT
LATITUDE (N LONGITUDE (W) (MILES) DSAC _ MAGNITUDE

01/95 30.3 103.35 148 238 4
7/06/95 30.3 103.35 148 238 3
7106195 30.3 103.35 148 238 3

11/12/95 30.3 103.35 148 238 4
04/15/98 30.19 103.3 Unknown Unknown 4
03101/99 32.57 104.66 93 150 3
03/14/99 32.59 104.63 92 148 4
03/17/99 32.58 104.67 94 151 4
05/30/99 32.58 104.66 94 151 _

08109199 32.57 104.59 89 144 3
02/02/00 32.58 104.63 91 147 3
02/26/00 30.24 103.61 155 249 3
06/02/01 32.33 103.14 9 14 3
11/22101 31.79 102.63 52 83 3
09/17/02 32.58 104.63 92 148 _4_ 4
09/17/02 32.58 104.63 92 148 3
06/21/03 32.67 104.5 85 137 4

Sources: National Oceanographic and Atmospheric Administration (1992)
United States Geological Survey (2004) http://neic.usgs.gov/

Definition (f I Tremor not felt, or rarely fell only under especially favorable conditions
11 Tremor felt indoors by few people; may cause slight movement of liquids and suspended or delicate

objects
IlIl Tremor felt indoors by several people; may cause swinging of suspended objects; movement may be

appreciable on upper levels of tall buildings
IV Tremor felt indoors by many people; causing dishes and windows to rattle; noticeable movement of

delicate objects
V Tremor felt by nearly all people; causes breakage of many delicate objects (dishes, glassware. etc),

trees and bushes shaken slightly
VI Tremor felt by al people, both indoors and outdoors; causes considerable breakage of delicate

objects, movement of furnishings, slight cracking of chimneys and plaster wall material.
VlIl Fright, general alarm approaches panic; twisting fall of chimneys, columns, monuments and partial

collapse of buildings, homes, etc.; moved, overturned very heavy furniture; sand and mud ejected
in s nall amounts

Moment Magnitudle: Moment Magnitude is the measure of total energy released by an earthquake. and is based on the
area of the fault that ruptured in the earthquake.

USGS location is at 7 miles: New Mexico Tech location is at 11 miles
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TABLE 6.4-2
WASTE CONTROL SPECIALISTS LLC

EROSION RATE MEASUREMENTS AND ESTIMATES FOR THE SOUTHERN HIGH PLAINS

SOURCE RATE ESTIMATE BASIS FOR ESTIMATE

Short-term measurements of erosion rates on varied soil types, slopes, and vegetation densities

_Minimum Maximum Unit
1980 Finley & Gustavson 0.0391 0.079 in/yr Slope denudation for single thunderstorm
1980 Baumgardner 10.016 0.000 f in/yr Extrapolation from 9 years of water data
1981 Finley & Baumgardner 0.000 4.331 1 in/yr Vertical scarp retreat
1981 Finley & Baumgardner 0.020 0.000 I in/yr Monitored erosion pins, mean rate
1981 Finley & Baumgardner 0.031 [ 0.079 in/yr Suspended sediment load
1981 Gustavson et al. [ 0.004 [0.039 in/!r I Stream drainage basins
1981 Gustavson et al. j0.024 0.118 in/yr I Reservoir sedimentation
1981 Gustavson et al. 0.024 0.079 in/yr Universal soil loss equation
1982 Simpkins et al. 0.106 0.311 1 in/yr Monitored erosion pins, means, all slopes
1982 Simpkins et al. 1.142 3.425 j In/yr Retreat rates for vertical scarps only

-..

1982 Simpkins et al. 0.000 2.087 1in/vr Erosion pins, maximum net erosion rate
= ._-_

1986 Simpkins 0.079 1[ 1.102 in/yr Maximum rates, 2 to 4 years erosion data
1986 Simpkins 0.315 1[ 0.669 1 n/r Erosion rates, Ogallala caliche only
1986 Simpkins 2.638 [ 28.504 in/vr Erosion of unconsolidated alluvium only
1989 Gustavson & Simpkins J 0.394 j 0.787 in/yr ] Summary compilation of all data

Long-term qualitative estimates of erosion rates based on geomorphic histroy

1980 Gustavson 5.118 in/!r Caprock retreat, past 7,200 - 8,600 years
1980 Gustavson _7.087 in/vrCaprock retreat, past 600,000 years
1980 Gustavson I4.331 in/r Caprock retreat, past 3 million years
1980 Gustavson _ _ 1.575 jin/yr Widening, Canadian River Valley, 0.6 million years
1982 Simpkins & Baumgardner 7.480 I Caprock retreat, maximum past 600,000 years
1984 Ostercamp & Wood ___I 1.969 lin/vr ICaprock retreat, past ca. 3 million years
1989 Gustavson & Simpkins 2.362 11 7.087 an/LrISummary compilation of all data
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TABLE 6.5-1

WASTE CONTROL SPECIAUSTS LLC
BOREHOLE SUMMARY

Boring ID Boring ID Boring ID Boring ID
I I

1993 RCRA SITE
INVESTIGATION

Terra DynamicsHolt

1 B-1
2 B-2
3 B-3
4 B-4
5 B-5
6 B-6
7 B-7
8 B-8
9 B-9
10 B-10
11 B-1I
12 B-12
13 B-13
14 B-14
15 B-15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

B-16
B-17
B-18
B-19
B-20
B-21
B-22
B-23
B-24
B-25
B-26
B-27
B-28
B-29
B-30

31 B-31
32 B-32
33 B-33
34 B-34
35 B-35
36 B-36
37 B-37
38 B-38
39 B-39
40 B-40
41 B-41
42 B-41 E
43 B-41S
44 B-41N
45 B-41W

46
47
48
49
so
51
52
53
54
55
56
57
58
59

B-42
B-43
B-44
B-45
B-46
B-47
B-48
B-49
B-50
B-51
B-52
B-53
B-54
B-55

60 WB-1 67 WB-8 74 WB-15 81 WB-107
1997 MUNICIPAL LANDFILL 61 WB-2 68 WB-9 75 WB-101 82 WB-108

INVESTIGATION 62 WB-3 69 WB-10 76 WB-102 83 WB-109
Weaver Boos 63 WB-4 70 WB-11 77 WB-103 84 WB-110

64 WB-5 71 WB-12 78 WB-104 85 WB-111
65 WB-6 72 WB-13 79 WB-105

_ 66 WB-7 73 WB-14 80 WB-106

86 A-1 103 A-18 120 NMB-1 137 NMB-25
87 A-2 104 A-19 121 NMB-2 138 NMB-26
88 A-3 105 A-20 122 NMB-3 139 NMB-27
89 A-4 106 A-21 123 NMB-4 140 NMB-28
90 A-5 107 A-22 124 NMB-5 141 NMB-29

1998 11(e)2 91 A-6 108 A-23 125 NMB-6 142 NMB-30
Siting Investigation 92 A-7 109 A-24 126 NMB-7 143 NMB-31

Holt 93 A-8 110 A-25 127 NMB-10 144 NMB-32
94 A-9 Ill A-26 128 NMB-11 145 NMB-33
95 A-10 112 A-27 129 NMB-12 146 NMB-34
96 A-I1 113 A-28 130 NMB-13 147 NMB-35
97 A-12 114 B-1-98 131 NMB-14 148 NMB-36
98 A-13 115 B-2-98 132 NMB-17 149 NMB-37
99 A-14 116 B-3-98 133 NMB-19 150 NMB-38
100 A-15 117 B-4-98 134 NMB-22
101 A-16 118 B-5-98 135 NMB-23
102 A-17 119 B-6-98 136 NMB-24

WCSFINAL\03063EENEWAL APPLICATIOM
ATTACHMENT VAT040M2O0TABLE 65 I.XLS 1 ofl4

REVISION 0
9 FEBRUARY 2004



TABLE 6.5-1

WASTE CONTROL SPECIALISTS LLC
BOREHOLE SUMMARY

Boring ID Boring ID Boring ID Boring ID
151 PZ-1 160 PZ-10 169 PZ-19 178 PZ-28
152 PZ-2 161 PZ-11 170 PZ-20 179 PZ-29

1999 Texas Tech University 153 PZ-3 162 PZ-12 171 PZ-21 180 PZ-30
Investigation 154 PZ-4 163 PZ-13 172 PZ-22 181 PZ-31

155 PZ-5 164 PZ-14 173 PZ-23 182 PZ-32
156 PZ-6 165 PZ-15 174 PZ-24 183 PZ-33
157 PZ-7 166 PZ-16 175 PZ-25 184 PZ-34
158 PZ-8 167 PZ-17 176 PZ-26 185 PZ-35
159 PZ-9 168 PZ-18 177 PZ-27 _

1186 TP-01 190 TP-05 194 TP-09 198 TP-13
1999 11(e)2 Siting 187 TP-02 191 TP-06 195 TP-10 199 PM-9

Investigation 188 TP-03 192 TP-07 196 TP-11 200 PM-12
CJI 189 TP-04 193 TP-08 197 TP-12

201 NMP-01 1 204 LES-B2 207 LES-B5 210 LES-BS
Additional CJI Investigations 202 TP-14 205 LES-B33 208 LES-B6 211 LES-B9

203 LES-B13 206 LES-B4 209 LES-B7

1996 - 98 RCRA MW Installation 212 B-1 215 B-4 218 B-34
Espey, Huston & Associates, Inc. 213 B-2 216 B-32 219 B-35

. 214 B-3 J 217 B-33 220 B-36
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TABLE 6.5-1

WASTE CONTROL SPECIALISTS LLC
BOREHOLE SUMMARY

MW/PZ Ref. Boring MW/PZ Ref. Boring
1 7G 834 8 9G1 B-21

1993 RCRA Site Investigation 2 4G1 B-5 9 9G2 B-21
3 4G2 B-5 10 9G3 B-21

Terra Dynamics/1olt 4 4G3 B-5 11 5E B-30
5 4C B-7 12 5C B-39
6 2G B-10 13 6B1 B-48
7 11D B-20 14 6B2 B-48

15 A-16 A-16 18 NMB-23 NMB-23
199811 (e)2 Siting Investigation 16 A-22 A-22 19 NMB-24 NMB-24

Holt 17 A-24 A-24

20 DW-32A B-32 32 MW-2A B-2
21 DW-32B B-32 33 MW-2B B-2

1996-98 RCRA Monitor Well 22 DW-33A B-33 34 MW-3A B-3
Installation 23 DW-33B B-33 35 MW-3B B-3

Espey, Huston & Associates, Inc. 24 DW-34A B-34 36 MW-4A B-4
25 DW-34B B-34 37 MW-4B B-4
26 DW-35A B-35 38 SW-32 B-32
27 DW-35B B-35 39 SW-33 B-33
28 DW-36A B-36 40 SW-34 B-34
29 DW-36B B-36 41 SW-35 B-35
30 MW-1A B-1 42 SW-36 B-36
31 MW-1 B B-1

43 PZ-1 PZ-1 61 PZ-19 PZ-19
44 PZ-2 PZ-2 62 PZ-20 PZ-20
45 PZ-3 PZ-3 63 PZ-21 PZ-21
46 PZ-4 PZ4 64 PZ-22 PZ-22
47 PZ-5 PZ-5 65 PZ-23 PZ-23
48 PZ-6 PZ-6 66 PZ-24 PZ-24
49 PZ-7 PZ-7 67 PZ-25 PZ-25

1999 Texas Tech University 50 PZ-8 PZ-8 68 PZ-26 PZ-26
Investigation 51 PZ-9 PZ-9 69 PZ-27 PZ-27

52 PZ-10 PZ-10 70 PZ-28 PZ-28
53 PZ-1 1 PZ-1 1 71 PZ-29 PZ-29
54 PZ-12 PZ-12 72 PZ-30 PZ-30
55 PZ-13 PZ-13 73 PZ-31 PZ-31
56 PZ-14 PZ-14 74 PZ-32 PZ-32
57 PZ-15 PZ-15 75 PZ-33 PZ-33
58 PZ-16 PZ-16 76 PZ-34 PZ-34
59 PZ-17 PZ-17 77 PZ-35 PZ-35
60 PZ-18 PZ-18
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TABLE 6.5-1

WASTE CONTROL SPECIALISTS LLC
BOREHOLE SUMMARY

. MWIPZ Ref. Boring MWiPZ Ref. Borng
78 PM-01 TP-05 91 TP-02 TP-02
79 PM-02 TP-05 92 TP-03 TP-03
80 PM-03 TP-05 93 . TP-04 TP-04

1999 11(e) 2 Siting Investigation 81 PM-04 TP-04 94 TP-05 TP-05
GI 82 PM-05 TP-04 95 TP-06 PM-09

83 PM-06 TP-04 96 TP-07 PM-12
84 PM-07 PM-09 97 TP-08 TP.08
85 PM-08 PM-09 98 TP-09 TP-09
86 PM-09 PM-09 99 TP-10 TP-08
87 PM-10 PM-12 100 TP-11 TP-09
88 PM-1I PM-12 101 TP-12 TP-12
89 PM-12 PM-12 102 TP-13 TP-13
90 TP-01 TP-01

MW/PZ Ref. Borng MW/PZ Ref. Boning
Additional Investigations 103 NMP-01 NMP-01 106 LES-MW2 LES-B9

CJI 104 TP-14 B-T3A 107 LES-MW3 LES-B3
105 LES-MW1 LES-B7 __.__ -

':
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

[ Depth Moisture AtterbergLimits Dry Percent Unconfined Permeability
Boring iBelow USC Content Liquid Plasticity Density Passing Compressive j Percent
Number jGrade Stratum ISymbol j %) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

MARCH 1993
B-1 5.0 Tan sandy silt 6.8 - - - _

15.0 Reddish tan silty sand - 3.5
55.0 Reddish brown silty clay .9 -

62.0 Red silty clay CL 78 39 23 133 96.9
- 64.0 Reddish brown silty clay CL 1.63 x 1 2.06 x 10-a

70.0 Red silty clay CL 8.3 46 27 - -

72.5 Red brown silty clay CH 8.9 54 33 137 97.0 27.8 _
76.0 Reddish brown silty clay 133 _

- 81.0 Red brown silty clay CL 8.7 45 27 135 99.8
82.0 Red silty clay - 9.0
88.0 Red silty clay CL 8.1 39 23 -

94.0 Red siltyclay 5.0_

B T2 m.0 Tan cemented sand 12.7
42.5 Red silty clay CL 7.9 49 27 135 99.8 4.54 x 1 0-
48.0 Red silty clay CH 51 32
50.0 Red silty clay - 10.6
60.0 Red silty clay 11.0 - -

- 70.0 Red silty clay CL 8.6 44 26 - -

75.0 Red silty clay CH 8.4 53 30 136 97.8 32.6 .__.00 x 10_ °
- 81.0 Red silty clay 9.7 - -

B-3 2.0 Tan limestone w/sIlt layers - 2.5 -115
- 7.0 Tan limestone w/sllt layers 0.7 116 -

- 13.0 Tan limestone w/silt layers 1.3 114 -

17.0 Light gray clayey silt - 5.9
18.0 Red silty clay 17.4 - -
22.0 Red silty clay - 12.6 - - 120 -

26.0 Red silty clay CL 9.1 45 28 - 92.6
32.0 Red silty clay - 9.8 42 25 -- __

36.0 Red silty clay 8.6 124 -
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

44.0 Red silty clay 8.9 125
48.0 Red silty clay CL 7.7 46 25 138 99.1

- 49.0 Red silty clay CH 8.6 53 29 132 99.6 4.20 x 1 0 "
57.0 Red silty clay 8.2 - _
62.0 Red siltstone 5.0 7

68.0 Red siltstone 6.0
70.0 Reddish brown silty clay -. 0
71.0 Reddish brown silty clay - 5.5 - 74.7
75.0 Red siltstone s._ 74.7_.___ -

80.0 Reddish brown silty clay 7.4 . 3.20 x 104
90.0 Reddish brown silty clay 4.0 _ _ E
93.0 Purple silty clay 6 9
95.0 Purple silty clay 7.1 _

a.3 99.5 Purple silty clay 16.0 - -

B4 42.0 Red brown silty clay CH 7.3 52 30 128 98.9 2.32 x 1 -09

68.0 Red brown silty clay CL 7.9 46 26 134 99.1 1.10 x lo-,8 1.35 x 10'9
Red silty clay w/gray-

75.0 streaks 1i1.8 87.0
80.0 Red silty clay 10.1
86.0 Red silty clay - 8.7
95.0 Reddish brown silty clay 9.2 - -

98.0 Gray and red siltstone 1.8
105.0 Reddish brown silty clay 11.2
110.0 Reddish brown silty clay - 20.7 - -_

118.0 Reddish brown silty clay 21.6
125.0 Reddish brown silty clay 21.9 90.9
130.0 Reddish brown silty clay 24.5 -

137.0 Reddish brown silty clay 22.5 _
145.0 Reddish brown silty clay 18.3 - _
150.0 Reddish brown silty clay 19.9
155 Reddish brown silty clay 17.1 - _
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

160.0 Reddish brown silty clay 14.8
165.0 Reddish brown silty clay 1 1.2 -

170.0 Reddish brown silty clay 11.7 .
179.0 Reddish brown silty clay 11.5

B-4 185.0 Reddish brown silty clay 12.5_ .
190.0 Light gray & red siltstone 14.6 _ .
195.0 Light gray & red siltstone 5.0
208.0 Tan siltstone 2.06 x 10l

B-5 50.0 Reddish purple silty clay CL 8.1 49 30 98.8 3.75 x 10 _

58-0 Light gray siltstone 5.60 x 10.
60.0 Light gray siltstone 7.26 x 10__
84.0 Red siltstone__ _ 8.92 x 108

B-6 5.0 Tan limestone 2.3
17.0 Red silty clay 10.0 -

22.0 Red silty clay 8.0
27.0 Red silty clay 6.3 116
31.0 Red silty clay 1.5 - - -

35.0 Red silty clay .2
40.0 Red silty clay 5.2
45.0 Red-gray siltstone 6.0
50.0 Red-gray siltstone3.3 30 13 118 . _
54.0 Red-gray silhstone 9.4
60.0 Red silty clay 8_2
65.0 Red silty clay 6.8

B-6 70.0 Red silty clay 9.7
75.0 Red silty clay 14.1 61 40

- 80.5 Gray siltstone 11.7 119 41.2 _
85.0 Gray siltstone 5.1 126 -

91.3 Red-gray siltstone 3.2 - 124 _
95.0 Red-gray siltstone 4.0
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

99.5 Red silty clay 9.3 _ . -

87 5.0 Limestone w/silt layers 7.1
Tan cemented sand &

12.0 gravel 4.4 .
17.0 Tan sandstone 1.2 - -

22.0 Tan sandstone 1.8
27.0 Tan sand & gravel 3.2 118 -

32.0 Light gray clayey silt 17.6
35.0 Red silty clay _ 9.9 _
37.0 Red silty clay CL 9.5 36 21 122 92.2 25.7
55.0 Red silty clay 8.8
60.0 Red silty clay6.2 130
65.0 Red silty clay 7.2
70.0 Red silty clay 8.2 92.2 33.7
75.0 Red silty clay 7.8 . .
80,0 Red silty clay CL 7.6 44 30 128

8-7 85.0 Red silty clay 5.8
90.0 Red silty clay 10.1
95.0 Red silty clay 7.7 _ 91.2
100.0 Red silty clay 8.4
105.0 Red silty clay 5.7 -

- 110.0 Gray siltstone 4.0 106
- 115.0 Gray siltstone 4.8 - 107 -

B-8 1.0 Brown silty sand 4.5 _
5.0 Tan sandy silt w/gravel 6.1 .
10.0 Tan sandy silt w/gravel - 3.1
15.0 White-gray sand 2.3 - - -

Yellowish-red brown silty
24.0 clay 10.3 _

27.0 Red silty clay 10.1 __
41.0 Red silty clay 7.7 -

7TEQ Put B Applinton
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture AtterberR Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum (%) Limit Index (PCF) #200 Strength (TSP) Horizontal Vertical Porosity

46.0 Tan siltstone 5.4
51.0 Tan siltstone 6.6

- 56.5 Red silty clay - 7.2
64.0 Gray siltstone - 4.5
67.0 Gray siltstone 3.9 - -

72.0 Red silty clay 10.1
78.0 Red silty clay 6.4 -

88 82.0 Red silty clay 7.3
87.0 Red silty cla 9.2
92.0 Red silty clay 8.4 .
97.0 Red silty clay 7.4 -

B.9 3.0 Tan sandy silt 3.8
10.0 Tan sandstone 10.4 -_

15.0 Tan sandstone 8.2
20.0 Tan limestone 6.1 78.6
26.0 Tan sandy silt 9.2 -

32.0 Tan sandy silt 12.3
37.0 Reddish brown silty clay 13.1
42.0 Red silty clay 7.9 -

47.0 Red silty clay 9.1
50.0 Red silty clay CH 10.6 51 29 128 99.2 _ 3.76 x 1_09
59.0 Purplesilty clay - 13,3 -

65.0 Light gray sandy siltstone 4,0 - -

70.0 Light gray sandy siltstone 2.0 - -

74.0 Light gray siltstone _2.58 x 10
75.0 Light gray sandy siltstone 5.6 - 57.9 -

76.0 Light gray siltstone 3.91-x-10--
80.0 Light gray sandy slltstone 7.7

B-9 85.0 Light gray siltstone 6.2 _ - go
90.0 Red brown silty clay 11.2
95.0 Red brown silty clay 12.1 -

100.0 Red brown silty clay 10.1
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosi

B-1 0 3.0 Tan silt 4.2
13.0 Tan sandstone 8.3 -

18.0 Tan sandstone 9.2
23.0 Tan sandstone 6.9 _ _
28.0 Tan sandy silt 3.0
34.0 Tan sandy silt 12.7 _ _ _
39.0 Red silty clay 10.1
44.0 Red silty clay 8.0 . -

49.0 Red silty clay 14.6
54.0 Red silty clay 13.3
59.0 Tan siltstone 11.6 _
64.0 Reddish brown silty clay 3.9 -

69.0 Reddish brown silty clay 3.1 __ _
- 75.0 Reddish brown silty clay 3.8 49.7

80.0 Red silty clay 4.7 - - - - -

B- 1i 2.0 Tan limestone w/silt 4.0 104 _ _ _
23.0 Red gray silty cIa 8.2
27.0 Red-gray silty clay 9.6
31.0 Red-gray silty clay .7
36.0 Red-gray silty clay 3.9 130 _
40.0 Red-gray silty clay - 8.1 135 - _

47.0 Reddish brown silty clay 6.4 136 _
51.0 Reddish brown clay CL 5.6 46 24 92.6 . _

57.0 Reddish brown clay _._ _

62.0 Reddish brown clay 7.4
68.0 Reddish brown clay 9.7 -
73.0 Reddish brown clay - .4 915 _ _ _ _

79.0 Reddish brown clay 10.3
84.0 Gray siltstone 3.5 - - - -

89.0 Gray siltstone - 4.1 -

1TEQ Pant Appeabo!n
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg mits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PC) #200 Strength (TSF) Horizontal Vertical Porosity

95.0 Gray sltstone 3.3 91.6
99.0 Gray siltstone 6.0

1 105.0 Red silty clay 8.3
- 109.0 Red silty clay 11.2 -

B-12 1.0 Tan limestone w/sllt 6.7
7.0 Tan limestone w/silt 10.8 _-

B.12 13,0 Tan siltstone 4.7 _ .
18.0 Tan limestone 1.8
24.0 Tan limestone 2.6 109
28.0 Tan sand & gravel 1.4
33.0 Whitish gray silty clay 35.1 126 _ _-
36.0 Gray-red silty clay 16.3
41.0 Gray-red silty clay CH 8.9 54.0 38 129 21.3
46.0 Gray-red silty clay 11.8
51.0 Dark red silty clay 9.1 128 94.0
57.0 Dark red silty clay 7.3
60.0 Dark red silty clay 5.4
64.0 Dark red silty clay - 6.3

_ _ 70.0 Dark red silty clay 5.3 - - - - 9

74.0 Dark red silty clay CL 8.7 46.0 27 132 88.7 2.89 x 10 3.55 x 10r
80.0 Dark red silty clay 6.4 138 -

85.0 Dark red silty clay 5.8
90.0 Dark red silty clay 8.3 -

95.0 Dark red silty clay 7.9 134 _

- 99.5 Dark red silty clay 7.1 86.1

B-13 4.0 Tan sandy silt 8.3
- 10.0 Tan sandy silt 7.7 - -

B13 16.0 Tan limestone 6.5
21.0 Tan limestone 1.4
27.0 Tan limestone 1.7 _

- . 32.0 Gray-red silty clay -_.3

TCSQ Put p ApPiawn

T7Q.-0Q6 (CRw. =MloO3)
WCSNF NALN03O63,01¶RENEWAL APPLICATIM
ATTACHMENT VWT0402O9-TABLE 6.5.2.XLS 7

REVISION 0
9 FEBRUARY 2004



TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

37.0 Red silty clay 16.2 - _ I
- 41.0 Red silty clay CH 12.6 52.0 33 -

45.0 Red silty clay 12.0
51.0 Red silty clay 12.2 - 30.2
56.0 Red silty clay 1.6 - _ _
61.0 Red-gray silty clay 7.8
68.0 Red silty clay CH 10.9 52.0 30 133 99.1

- 74.0 Red silty clay CH 7.4 55.0 32 135 99.4 17.6 1.77 x 1 0
80.0 Red silty clay 10.6 -

- 84.0 Red silty clay - 7.1 - - -

90.0 Red silty clay 10.3 - - - - -
99.5 Red silty clay 8.6 - - -

814 51.0 Gray sandy siltstone 2.3
75.0 Reddish brown silty clay - 95.8
99.5 Reddish brown silty clay - - - - 99.0

B-16 23.5 Reddish brown silty clay . - 97.8 . -
50.0 Reddish brown silty clay 94.6
65.0 Purple silty clay CL . 1.76 x 10'

- 66.0 Reddish purple silty clay CL. 7.9 46.0 27 135 98.8 36.7 _
75.0 Tan sandy siltstone 2.2
80.0 Tan sandy siltstone - - 1.93 x 10- - _
85.0 Tan sandy siltstone -7.64 x 1-
100.0 Reddish brown silty clay - 93.7

B-17 7.5 Tan weathered limestone 0.5 - -

17.0 Tan weathered limestone 6.6 --

25.0 Tan siltstone - 3.1 18.1 _ _
30.0 Tan siltstone 7.0
32.0 Tan siltstone 6.9 - - - -

7MEQ Put B Appbieado
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

40.0 Reddish brown silty clay - 10.1 - -

46.0 Reddish brown silty clay - 10.2 -

52.0 Reddish brown silty clay 7.7 - 91.6
58.0 Reddish brown silty clay 9.0 - - __
64.0 Reddish purple silty clay 8.6 - -

70.0 Reddish purple silty clay -_4

75.0 Reddish purple silty clay 9.0
81.0 Reddish purple silty clay 8.4 97.1 -

8-17 86.0 Reddish purple silty clay 10.0 -

92.0 Reddish purple silty clay 10.3 - -

97.0 Reddish purple silty clay 6.5 __
102.0 Tan- gray siltstone 4.8 - - 70.2

- 108.0 Tan-gray siltstone 2.3 -
112.0 Tan-gray siltstone 2.3 _
116.0 Tan-gray siltstone 1.9
122.0 Reddish brown silty clay 7.4
125.0 Reddish brown silty clay 8.1

B-18 6.0 Tan weathered limestone 8.4 -

16.5 Tan weathered limestone 5.5 - - - _ _ _
28.5 Tan sand & gravel 6.2
35.0 Reddish brown silty clay 16.7 -

39.0 Reddish brown silty clay 13.0 _
40.0 Reddish brown silty clay CH _ 8.3 53.0 34.0 138.0 99.6 13.9
45.0 Reddish brown silty clay 10.1 -=

50.5 Reddish brown silty clay - 11.1 94.6 _ _ - _

- 61.0 Reddish brown silty clay- 9.2 - - -

65.0 Reddish brown silty clay 9.3 - -

72.0 Reddish brown silty clay CL 7.8 47.0 27.0 136.0 98.7 22.5 1.1 lx 10'
77.0 Reddish brown silty clay- 7.7 - - 90.0 -

8.1 8 81.0 Reddish brown silty clay CH 8.9 51,0 29.0 130.0 _____ _____

85.5 Reddish brown silty clay 11.0 -

1 92.0 Reddish brown silty clay - 8.1 - -

T1E Pan U Apboeaion
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterber Limits Dry Percent Unconfined Perrneability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol ( Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

99.0 Reddish brown silty clay 14.5 94.2

B.19 5.0 Tan weathered limestone 1.9
13.0 Tan sand & gravel 1.9
21.0 Reddish brown silty clay 21.5
26.0 Reddish brown silty clay 14.6

- 31.0 Reddish brown silty clay 12.7
36.0 Reddish brown silty clay 13.2
40.0 Light gray sandy siltstone 5.2
45.5 Light gray sandy siltstone 4.2
51.0 Light gray sandy siltstone 4.0
58.0 Reddish brown silty clay 11.4
65.0 Reddish brown silty clay 6,6
70.0 Reddish brown silty clay 10.3
75.0 Reddish brown silty clay 17.4
80.0 Reddish brown silty clay 10.0
85.0 Reddish brown silty clay 13.1
90.0 Reddish brown silty clay 16.1

B-l 9 .5 Reddish brown silty clay 16.5

B-25 56.0 Red clayey sandstone _ 4.41 x 10'7

71.0 Reddish brown silty clay CH 6.8 52.0 30.0 139.0 - 2.30 x 10 i

B-26 50.0 Reddish brown silty clay CL 8.7 44.0 25.0 133.0 97.8 7 7

73.0 Reddish brown siltstone 7.18X10 7.86 x 1
80.0 Reddish brown silty clay CL 7.7 46.0 27.0 137.0 99.6 40.5 2.75 x 10,

B-29 60.0 Tan siltstone 3.72_x_1_0_
76.0 Reddish brown silty clay CH 7.5 55.0 34.0 131.0 98.3 1

B-30 70.0 Reddish brown silty clay 46.0 29.0 - _

74.0 Reddish brown silty clay CL - - - - alu 3.05 X 10

Q Po D Appbin
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

DMoisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #2 00 Strength (TSF) Horizontal Vertical Porosity

76.0 Reddish brown silty clay CH 9.3 51.0 29.0 136.0 98.7 _ 5.48 x 10-
80.0 Reddish brown silty clay 2.5 144.0
90.0 Light gray siltstone 5.87x107 6-42

B31 30.0 Reddish brown silty clay CL 7.1 47.0 30.0 139.0 99.2
Reddish brown & purple

74.0 silty clay 8.6 42.0 26,0 135.0 98.9 3.05 x 10"'
B-34 40.0 Reddish brown silty clay 8.7 50.0 31.0 138.0 99.5

70.0 Reddish brown silty clay 7.7 46.0 30.0 98.2 _ _ _

80.0 Reddish brown silty clay 7.3 52.0 31.0 99.9 1.5 7x10 _

B-35 32.0 Reddish brown silty clay 31.1 -

35.0 Reddish brown silty clay CH 22.5 73.0 50.0 99.8
40,0 Reddish brown silty clay 12.0
45.0 Reddish brown silty clay 10.0
50.0 Reddish brown silty clay CL 8.5 46.0 31.0 132.0 99.4
55.0 Reddish brown silty clay 11.1
60.0 Reddish brown silty clay 8.8
70.0 Reddish brown silty clay CL 7.6 36.0 23.0
75.0 Reddish brown silty clay 5.7
76.0 Reddish brown silty clay CL 8.7 39.0 25.0 129.0 97.9 38.7 2.1 5 x 1o' -

85.0 Reddish brown silty clay 12.2 130.0

839 36.0 Reddish brown silty clay CH 8,4 54.0 31.0 136.0 96.1 _

40.0 Reddish brown silty clay 12.5
45.0 Reddish brown silty clay CL 12.0 48.0 29.0 124.0 98.9 26,6 _.6

50.0 Reddish brown silty clay 9.4
55.0 Reddish brown silty clay 8.0

839 60.0 Reddish brown silty clay CL 6.4 35.0 20.0 98.9
65.0 Reddish brown silty clay 7.6 142.0 ________ v ._ =
70.0 Reddish brown silty clay .5
71.0 Dark red silty clay CL 1 6.75 x 10_ 3

TC= Pmt 2AppU:Raan
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

- Depth - Moisture Atterbera Limits Dry Percent Unconfined Permrability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol L%) imit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

72.0 Reddish brown silty clay CL 7.7 48.0 30.0 95.5 _
82.0 Reddish brown silty clay 7.6 -

85.0 Reddish brown silty clay 7.5 -

- 90.0 Reddish brown silty clay - 7.6 - - 139.0 - -

B.40 60.0 Reddish brown silty clay CH 8.6 51.0 32.0 138.0 95.4
80.0 Reddish brown silty clay CL 7.6 39.0 26.0 131.0 97.1
91.5 Reddish brown silty clay 145.0 _
99.5 Reddish brown silty clay 8.3 _ .

Reddish brown & purple
B-41 40.0 silty clay 16.4 36.0 27.0 128.0 97.3 28.2

Reddish brown & purple
50.0 silty clay 8.3 52.0 30.0 136.0 99.4

Reddish brown & purple
80.0 silty clay 7.1 48.0 30.0 129.0 98.7 3.77 x 10 4.44 x 104

B-42 41.0 Reddish brown silty clay CL 12.8 43.0 28.0 127.0 99.7_
43.0 Reddish brown silty clay CL 9.8

- 45.0 Reddish brown silty clay - 6.1
50.0 Reddish brown silty clay 6.2
55.0 Reddish brown silty clay - 6_ - - - -

60.0 Reddish brown silty clay CL 7.1 43.0 25.0 140.0 92.3 .
- 0 65.0 Reddish brown silty clay - 6.7 - _ _ ____= _- _

70.0 Reddish brown silty clay CH 8.6 50.0 31.0 137.0 99.7 _
75.0 Reddish brown silty clay 10.1 - - - - _ _ _ D
80.0 Reddish brown silty clay 7.0 - - -

85.0 Reddish brown silty clay 6.9 _ _ _

B-43 28.0 Reddish brown silty clay - 17.2 - 114.0
40.0 Reddish brown silty clay 12.5
45.0 Reddish brown silty clay 7.9 - - - -

55.0 Reddish brown silty clay CL 95 45.0 28.0 98.9 18.7 _
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (POF) #200 Strength (TSF) Horizontal Vertical Porosity

65.0 Reddish brown silty clay 9.3 135.0
70.0 Reddish brown silty clay CL 5.8 39.0 26.0

- 75.0 Reddish brown silty clay 6,8 - - 143.0
- 80.0 Reddish brown silty clay CH 10.3 51.0 30.0 99.1 42.4

85,0 Reddish brown silty clay 8.2
B-43 90.0 Reddish brown silty clay 8.3 138.0

95.0 Reddish brown silty clay - 11.9 - - - -

B-46 30.0 Reddish brown silty clay- 13.5 _
40.0 Reddish brown silty clay 14.8
45.0 Tan silty sandstone 4.8 _ _ _ .
50.0 Tan silty sandstone 2.9 130.0
.55.0 Reddish purple silty clay - 10.4 51.0 35.0 99.0 _ _

65.0 Reddish purple silty clay 12.2
70.0 Reddish purple silty clay 9.7 137.0 _
74.5 Dark red w/gray silty clay 10.5 125.0 -

80.0 Reddish brown silty clay CL 10.9 49.0 30.0 132.0 98.7 24.3

Y-47 70.0 Reddish brown silty clay 46.0 29.0 - -

82.0 Reddish brown silty clay CH 7.9 52.0 29.0 131.0 96.3 7.66 x 10-9

Reddish brown & purple
B-52 41.0 silty clay 8.7 49.0 30.0 96.3

Reddish brown & purple
70.0 silty clay 8.3 47.0 28.0 127.0 98.6 5.78 x 10 9

B-54 54.0 Reddish brown silty clay CL 8.5 47.0 28.0 133.0 98.3
73.0 Reddish brown silty clay CL 7.6 46.0 25.0 130.0 99.7 37.3
109.0 Reddish brown silty clay 11.4 - 133.0

B-55 33.0 Reddish brown silty clay CL 8.6 39.0 25.0 133.0 94.3
48.0 Gray siltstone 5.1 138.0 _ _ _

TCEOPtAeApplintiol
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterbeg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum SVmbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

Reddish brown/gray
78.0 sandstone 2.72 x 1 0

7 February 2000
A-12 58-59 Redbed 5.2 28 13 121.4 98.2 _ 5 x 10o

70-71 RedBed 4.8 25 10 144.2 65.5 1.7 x 10"'
83.5-84. Sandstone 6.3 NP 124.0 30.9 3.95 x 10'6

- - --
A-14 85-86 Sandstone 3.4 NP 138.8 33.5 7.65 x 10'7

A-16 57.5-58. Redbed 8.8 47 29 135.8 97.8 5.7 x Io"

A-17 81-82 Redbed 6.8 31 15 131.6 98.9 3.7 x 10' 9

A-19 69-70 Siltstone 2.1 26.0 11.0 136.7 82.4 136.0 _

A-21 8.5-59.! Redbed 6.4 25 10 144.5 97.9 5.7 x 10 9

76-77 Redbed - 5.3 26 11 146.4 89.9 8.2 x 1 0"

A-22 75-76 Sandstone 2.5 NP 122.0 29.3 47.0
- 82-83 Redbed 6.0 32 16 143.2 99.5 70.0
- 90-91 Siltstone 3.6 22 8 137.8 89.2 89.0

A-24 58-59 Redbed 7.0 31 15 142.9 98.2 89.0
72-73 Redbed 4.1 24 9 148.4 90.0 120.0

A-26 40-45 Sandstone 5.5 31 15 53.0
- 55-60 Redbed 6.3 32 16 90.1 -

75-80 redbed - 7.6 40 23 93.2

A-27 45-50 Redbed 9.6 41 24 97.2
65-70 Redbed 7.7.- 34 18 - 98.6 . _
85-90 Redbed 4.7 26 11 79.0
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth - Moisture Atterberg Limits Dry Percent Unconfined I Permeability -

Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit | Index (PCP #200 Strength (TS) I Horizontal Vertical I Porosity

30 December 1998
B-23 35' Purple silty clay 10,1 48.0

42' Reddish brown silty clay 5.9 - -

52' Reddish brown silty clay 5.9
65' Reddish brown silty clay 7.4 -

75' Purple silty clay - 8.5 - - - -
80' Reddish brown silty clay 34

Reddish brown & purple
90' silty clay 12.9 37.0

Reddish brown & purple
98' silty clay 15.4 48.0

B-24 33' Reddish silty sandy clay 4.8 26.0
40' Lighttan sandstone 1.7

Red Bed & reddish brown
50' sandy silty clay 10,3 42 24 _
71' Light tan sandy silty clay 3.6
75' Reddish brown-silty clay - 6.6
s85, Reddish brown silty clay _ 11.4

90' Reddish brown silty clay 10.9 49 30 -

95' Reddish brown silty clay 10.7

B-25 34' Light brown sandstone 2.5 125.3 3.1 x 10-6
41' Reddish brown silty clay 8.9 44 26 - -

50' Reddish brown silty clay 11.7 - - - _
60' Dark purple silty clay 9.8 _

Purple reddish brown silty
81.5' clay 13.4 41 24

Purple reddish brown silty
92' clay 10.4

B-26 57' Reddish brown silty clay 12.7
- 70' Purple brown silty clay .1 99.0

TCF4 PNI D Arppano
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCOP #200 Strength (TSF) Horizontal Vertical Porosit

78' Reddish brown silty clay - 8.0 34 18 136.0 . 2.3 x 10
_ 79' Reddish brown silty clay 9.3 93.7 -

89' Reddish brown silty clay 11.3 - 97.9
99' Reddish brown silty clay 9.9 - - 97.5 _

B-27 39' Reddish brown silty clay 9.4 41 24

- 43' Tan silty clayey sandstone 6.2 25 10
47' Tan sandstone 1.2 137.3 1.8 x 10-
48' Tan sandstone 3.0 - - -

61' Purple silty clay - 6.6 30 14
Light reddish brown silty

75' clay 11.1
84' Reddish brown silty clay 11.1

Dark reddish brown silty
91' clay - -9.9 _

Reddish brown & purple
B-28 25' 30' silty clay 4.0 61 40 _

31' Reddish brown silty clay 4.1 95.4
61' Brown silty clay 10.5 97.9 _ _-

Purple & dark reddish brown
63' silty clay - 10.6 45 27

Purple reddish brown silty
72' clay 10.7 -
81' Dark purple silty clay 15.4
94' Reddish brown silty clay 9.7 - 96.2 -

100' Reddish brown silty clay 9.6

Purple & reddish brown silty ,
B-29 25'27' clay -65 -

38' Light brown silty clay 11.1 98.6 .
46' Reddish brown silty clay 12.4

TMEQ Pan B Appoton
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconfined Perme ability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity

Dark purple & reddish
54'.60' brown silty clay - 11.3 49 30 - 99.5

Dark reddish brown & light
63' tan silty clay I 1.5

- 71' Reddish brown silty clay 9.1
Dark reddish brown silty

80' clay 11.5 95.8
Purple & reddish brown silty

B-29 87' clay 40 23
Dark reddish brown silty

90' clay 15.4
97' Purple silty clay 13.4 98.7 _

Compacted standard
proctor sample (Red brown

- silty clay mix) 16.7 107.9 2.9 x 10-9

B-30 15'-20' Purple & red silty clay 63 42
61' Reddish brown silty clay - 8.9 136.5 -1.4 x 10'

Purple & reddish brown silty
64' clay 11.5 47 29 98.1 .
75' Reddish brown siltY clay 5,9 37 20 138.9 S.O 0= 0x1
76' Reddish brown silty clay 11.1
-84 purple silty clay 13.5 _

Purple & reddish brown silty_
96' clay 13.7

831 40' Reddish brown silty clay 10.7
Red bed purple & reddish

52' silty clay 9.8 44 26__
Light reddish brown silty

61' clay 10.2__ 129.0 6.4x 10
Dark reddish brown silty -

67.5' clay ___ _

TCEQ PtB Appficado
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth Moisture Atterberg Limits Dry Percent Unconlined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive Percent
Number Grade Stratum Symbol ( LImIt Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity
B-31 74' Reddish brown silty clay 7.3 141.5 1.4 x 10

- 80' Reddish brown silty clay - 10.6 131.3
81' Reddish brown silty clay 15.3 -

95' Purple reddish silty clay - 15.8 - - -

B-32 23' Tan clayey sandstone - 7.4
24' Tan sandstone - 3.8 - -

- 30.5' Light tan sandstone - 6.4 -- --

- 390.5 Light tan clayey silty sand 6.2 -

43.8' Light brown sandstone 5.3 112.7 1.53 x 10 5
49.5' Tan sandstone 4.7

- 55' Reddish brown lil ca 1.5 _
73' Reddish brown silty cla 11.7
80' Reddish brown ilty clay 8.4

Light reddish brown silty
88' clay 6.2

43.8' Licht brown sandstone -. 3 - Pending
24 October 2001

TP-01 40-43 Clay - 9.8 49 32 - - -

TP.01 138.139'Cclay - 9.2 45 26 -

TP-01 221-222' Sandstone 3.2 - -.-.-

TP.02 30-40' Sandstone 4.8 - - - -

TP.02 122-123' Sandstone - 4.9 - 14.0 =
TP-03 30-40' Sandstone - 2.8 - - - -
TP-03 65-70' Ciay 5.0 26 13 -- ____ 0.13
TP.03 144-145' Clay 6.9 37 19 _ _ _ 0.17
TP-03 216.217' Sandstone - 8.3 0.08
TP-08 50-60' Clayey Sand SC 11.9 21 4 - 26,0 _ 0.18
TP-08 105-106' Clay CL 11.9 41.0 25.0 - 99.0
TP-12 20-30' Clayey Sand SC 16.9 34 12 139.0 21.0 l
TP-12 48.50' Clay CL 8.9 46 32 99.0 _ _ I
TP-13 20.22' Clayey Sand SC 10.3 1 27 10 137.0 46.0 l

TQPe NDAP*t0on
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TABLE 6.5-2 WASTE MANAGEMENT AREA SUBSURFACE CONDITIONS

Waste Control Specialists LLC Landfill Project,

Depth I Att-rberg Llit -D Perc-nt Unconfined Permeability
Boring Below USC Content Liquid Plasticity Density Passing Compressive _ Percent
Number Grade Stratum ISymbo (%) Limit Index (PCF) #200 Strength (TSF) Horizontal Vertical Porosity
TP-13 65-75' Clay with Sand CL 8.7 36 20 _ 81.0 1

29 November 2001
TP-04 125-30' Clayey Sand with Gravel SC 10.6 26 8 12.0 -

TP-04 65470' Clay y _ CL 6.8 45 29 95.0
TP-04 1115120 Sandstone 1.2
TP-04 155-160' Clay CL 6.0 45 27 99.0
TP-04 220-225 Sandstone 4.0
TP-05 40 45' Sandstone 1.2 -

TP-05 75-80' Clay CL 9.6 44 27 98.0
TP.05 110-115 Sandstone 1.8 - -

TP-0 155.160 Clay CL 7.9 43 25 97.0
TP-05 235.240 Sandstone 6.9 -

PM-09 35-40' Clayey Sand SC 19.2 24 7 16.0
PM 09 70475' Clay CL 8.0 44 31 91.0
PM-09 115-120' Clay CL 5.7 41 27 97.0
PM-09 160-165' Clay CL 7.1 41 26 99.0 I
PM-09 210-215' Clay with Sand CL 7.2 38 22 75.0 I

August2003
B-21 1108-109, Sandstone 0.6 112 | | _
B-21 219-220' Sandstone 2.1 - - 140 01 1 1 1 o .13
B-4 208-209' Sandstone 2.3 136 - 0.17
NMB-23 251.252' Sandstone 1 2.7 - 1 149 -1 11 0 081
NMB 24 220-221',Sandstone -- 1.0 - - | 135 - _ _ | 0.18
A[22 248-249'|Sandstone 4.3 129 -

TCEQ Pan f Appic*aon
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TABLE 6.6-1
WASTE CONTROL SPECIALISTS LLC

MONITOR WELL AND PIEZOMETER SUMMARY

1993 RCRA Site Investigation
Terra Dynamics/I-oit

Reference Screen Interval Completion
MW/PZ Boring (Feet BGS) Zone

7G B-4 185-215 225
4G1 B-5 145-175 Other
4G2 B-5 190-220 Other
4G3 B-5 237-242 Other
4C B-7 161-191 180
2G B-10 225-250 Other

111D B-20 232-257 Other
5E B-30 145-155 Other
5C B-39 173-193 180

6B1 B-48 191-201 180
6B2 B-48 262-272 225

1998 11 (e)2 Siting Investigation
Holt

Screen Interval Completion
MW/PZ Reference Boring (Feet BGS) Zone
A-16 A-16 27-37 OAG
A-22 A-22 245-255 225
A-24 A-24 257-267 225

NMB-23 NMB-23 251 -261 225
NMB-24 NMB-24 210-230 225

W CfAMR030&VCT*N VI
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TABLE 6.6-1
WASTE CONTROL SPECIALISTS LLC

MONITOR WELL AND PIEZOMETER SUMMARY

1996 - 1998 RCRA Monitor Well Installation
Espey, Huston and Associates

Screen Interval Completion
MWIPZ Reference Boring (Feet BGS) Zone
DW-32A B-32 212.5-227.5 225
DW-32B B-32 229.5-244.5 225
DW-33A B-33 215-230 225
DW-33B B-33 230-245 225
DW-34A B-34 218-233 225
DW-34B B-34 232-247 225
DW-35A B-35 218-233 225
DW-35B B-35 233-248 225
DW-36A B-36 223-238 225
DW-36B B-36 238-253 225
MW-1A B-1 241-256 225
MW-1B B-1 255.5-270.5 225
MW-2A B-2 245-260 225
MW-2B B-2 258-273 225
MW-3A B-3 249-264 225
MW-3B B-3 264-279 225
MW-4A B-4 252-267 225
MW-4B B-4 267.5-282.5 225
SW-32 B-32 117-127 125
SW-33 B-33 135.5-145.5 125
SW-34 B-34 108-118 125
SW-35 B-35 113-123 125
SW-36 B-36 105-119 125

WCSWFftALI6NSECTO VI
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TABLE 6.6-1
WASTE CONTROL SPECIALISTS LLC

MONITOR WELL AND PIEZOMETER SUMMARY

1999 Texas Tech Univ. Investigation
Texas Tech Univ.

Screen Interval Completion
MWIPZ Reference Boring (Feet BGS) Zone

PZ-1 PZ-1 91-106 OAG
PZ-2 PZ-2 78-93 OAG
PZ-3 PZ-3 52-67 OAG
PZ-4 PZ-4 100-115 OAG
PZ-5 PZ-5 70-85 OAG
PZ-6 PZ-6 55-70 OAG
PZ-7 PZ-7 45-60 OAG
PZ-8 PZ-8 49-64 OAG
PZ-9 PZ-9 56-71 OAG

PZ-10 PZ-10 70-85 OAG
PZ-11 PZ-11 55-70 OAG
PZ-12 Pz-12 65-80 OAG
PZ-13 PZ-13 65-80 OAG
PZ-14 PZ-14 61-76 OAG
PZ-15 PZ-15 70-85 OAG
PZ-16 PZ-16 65-80 OAG
PZ-17 PZ-17 75-90 OAG
PZ-18 PZ-18 61-76 OAG
PZ-19 PZ-19 95-110 OAG
PZ-20 PZ-20 86-101 OAG
PZ-21 PZ-21 55-70 OAG
PZ-22 PZ-22 105-120 OAG
PZ-23 PZ-23 92-107 OAG
PZ-24 PZ-24 75-90 OAG
PZ-25 PZ-25 30-45 OAG
PZ-26 PZ-26 35-50 OAG
PZ-27 PZ-27 35-50 OAG
PZ-28 PZ-28 55-70 OAG
PZ-29 PZ-29 70-85 OAG
PZ-30 PZ-30 25-40 OAG
PZ-31 PZ-31 44-59 OAG
PZ-32 PZ-32 78-93 OAG
PZ-33 PZ-33 65-80 OAG
PZ-34 PZ-34 30-45 OAG
PZ-35 PZ-35 110-125 OAG

WCnNA03o63GECTMV1
I 4029_TALE6 6-ICLSPeo Page3 of 4



TABLE 6.6-1
WASTE CONTROL SPECIALISTS LLC

MONITOR WELL AND PIEZOMETER SUMMARY

1999 11 (e)2 Siting Investigation
CJIl

Screen Interval Completion
MWJPZ Reference Boring (Feet BGS) Zone
PM-01 TP-05 52-57 OAG
PM-02 TP-05 113.5-123.5 80
PM-03 TP-05 219-229 225
PM-04 TP-04 53-58 OAG
PM-05 TP-04 126-131 125
PM-06 TP-04 217-227 225
PM-07 'PM-09 45-55 OAG
PM-08 PM-09 80-90 80
PM-09 PM-09 197-207 180
PM-10 PM-12 18-23 OAG
PM-1I PM-12 125-135 125
PM-12 PM-12 180-190 Other
TP-01 TP-01 225-240 225
TP-02 TP-02 110-120 125
TP-03 TP-03 212-227 225
TP-04 TP-04 217-227 225
TP-05 TP-05 218228 225
TP-06 PM-09 110-120 Z-4
TP-07 PM-12 140-150 Z-4
TP-08 TP-08 110-120 125
TP-09 TP-09 110-120 125
TP-10 TP-08 80-100 Z-2
TP-1 1 TP-09 60-70 Z-2
TP-12 TP-12 47-57 OAG
TP-13 TP-13 32.5-42.5 OAG

Additional Investigations
CJI

Screen Interval Completion
MWIPZ Reference Boring (Feet BGS) Zone
NMP-01 NMP-01 222-227 225
TP-14 B-T3A 46-51 OAG

LES-MW1 LES-B7 214-229 Olher
LES-MW2 LES-B9 217-232 225
LES-MW3 LES-B3 221-236 Other

WCSff*lMMW&SE-CTIO1 Vl
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TABLE 6.6-2
WASTE CONTROL SPECIALISTS

JANUARY-APRIL 2002
GROUNDWATER ELEVATIONS

Well ID TOC Elevation Date DIW Date DtW Date DtW Date DtW
(U) (U) (ft) (ft) (Rt)

DW32A 3461.52 1/22/2002 215.49 2/25/2002 211.18 3/26/2002 227.28 4/19/2002 224.86
DW32B 3461.46 1/22/2002 200.11 2/25/2002 195.19 3/26/2002 235.37 4/1912002 228.07
DW33A 3464.99 1/22/2002 222.57 2125/2002 219.99 3/26/2002 230.34 4/19/2002 228.78
DW33B 3465.12 1/22/2002 211.41 2/25/2002 207.48 3/26/2002 239.11 4119/2002 229.91
DW34A 3468.70 1/2212002 198.62 2/2512002 195.51 3/26t2002 222.94 4/1912002 214.52
DW34B 3468.94 1/22/2002 201.52 2125/2002 197.65 3/26/2002 238.67 4/19/2002 225.91
DW35A 3467.86 1/22/2002 191.54 2125/2002 189.91 3/26/2002 205.04 4/19/2002 198.37
DW35B 3467.95 1/22/2002 191.49 2/25/2002 189.88 3/26/2002 20411 4/1912002 198.13
DW36A 3467.59 1/2212002 190.86 2/25/2002 189.12 312612002 205.36 4/19/2002 198.10
DW36B 3467.93 1/22/2002 190.98 2/25/2002 189.27 3/26/2002 204.41 4/19/2002 198.00
NMB-23 3467.85. 1/21/2002 139.97 2/22/2002 138.79 3/26/2002 137.72
NMB-24 3439.15 1/21/2002 116.19 2122/2002 116.16 3126/2002 116.13
MW1A 3480.79 1/21/2002 151.11 2/2212002 148.8 3/26/2002 146.25 =
MW1B 3480.61 1/21/2002 142.02 2/22/2002 140.89 3/26/2002 139.81
MW2A 3481.72 1121/2002 158.58 2122/2002 156.50 3/26/2002 154.625
MW2B 3481.93 1/21/2002 190.58 2122/2002 18522 3/26/2002 180.40 _

MW3A 3483.04 1/21/2002 154.56 2122/2002 152.98 3/26/2002 151.50
MW3B 3483.10 1/2112002 153.81 2/2212002 152.26 3/26/2002 150.81
MW4A 3484.70 1/21/2002 139.78 2/2212002 139.05 3/26/2002 138.35
MW4B 3484.74 1/21/2002 139.63 2/22/2002 138.94 3/2612002 138.22
A-22-99 3460.00 1/21/2002 168.69 2/22/2002 167.91 3/26/2002 167.56
A-24-99 3464.20 1/21/2002 158.09 2/22/2002 159.26 3(2612002 159.61

6B-2 3487.07 1/21/2002 137.61 2/22/2002 136.43 3/2612002 135.90
7G 3448.57 1/21/2002 138.35 2/2212002 138.04 312612002 137.61

TP-01 3485.38 1/2212002 98.5 2/2212002 98.50 3/26/2002 98.31
TP402 3436.14 1/22/2002 122.62 2122(2002 122.62 3/26/2002 122.63
TP-03 3487.98 1/22(2002 225.81 2/22/2002 223.78 3/26/2002 221.58
TP-04 3489.05 1/22/2002 133.85 2/22/2002 134.07 3/26/2002 134.04
TP-05 3488.35 1/22(2002 119.72 2/22/2002 119.62 3/26/2002 119.51 Uzi
PM-03 3487.99 1/22/2002 119.73 2/22(2002 119.77 3/26/2002 119.63
PM-06 3489.59 11/28/2002 134.08 2/22/2002 134.26 3126/2002 134.271
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TABLE 6.6-2
WASTE CONTROL SPECIALIST

MAY - JULY 2002
GROUNDWATER ELEVA71ONS

Well ID TOC Elevation Date DtW Date DtW Date DtW Date DtW
_ (It) (01) (1) _ (it) (it)

DW32A 3461.52 5/1/2002 223.75 5/2912002 225.52 6/25/2002 223.1 7/30/2002 220.06
DW32B 3461.46 5/1/2002 224.98 5/29/2002 226.72 6/25/2002 219.16 7/30/2002 209.78
DW33A 3464.99 5/1/2002 227.92 5/29/2002 230.56 6/25/2002 228.46 7/30/2002 225.67
DW33B 3465.12 5/1/2002 225.68 5/29/2002 228.92 6/25/2002 221.65 7/30/2002 215.95
DW34A 3468.70 5/29/2002 215.93 6125/2002 209.18 7/30/2002 203.28
DW34B 3468.94 5/1/2002 220.85 5/29/2002 224.37 6/25/2002 215.48 7/30/2002 207.44
DW35A 3467.86. 5/29/2002 199.11 6/25/2002 196.13 7/30/2002 193.73
DW35B 3467.95 5/29/2002 198.91 6/25/2002 196.02 7/30/2002 193.71
DW36A 3467.59 5/29/2002 199.50 6/25/2002 195.92 7/30/2002 193.16
DW36B 3467.93 5/29/2002 199.39 6/25/2002 195.98 7/30/2002 193.26
NMB-23 3467.85 516/2002 136.37 5/28/2002 135.65 6/24/2002 134.78 7/29/2002 133.22
NMB-24 3439.15 516/2002 116.13 5/28/2002 115.92 6124/2002 115.81 7/29/2002 115.54
MW1A 3480.79 5/6/2002 143.8 5/28/2002 142.62 6/24/2002 141.46 7/29/2002 140.21
MW1B 3480.61 5/6/2002 138.48 5/28/2002 137.94 6124/2002 137.42 7/29/2002 -136.90
MW2A 3481.72 5/6/2002 152.38 5128/2002 151.26 6/2412002 150.14 7/29/2002 148.86
MW2B 3481.93 5/6/2002 174.86 5/28/2002 172.11 6/24/2002 169.13 7/2912002 165.08
MW3A 3483.04 5/2/2002 149.72 5/28/2002 149.58 6/24/2002 148.46 7129/2002 147.37
MW3B 3483.10 5/212002 149.22 5/28/2002 148.89 6/2412002 147.82 7/2912002 146.77
MW4A 3484.70 5/2/2002 137.57 5/28/2002 137.43 6/24/2002 136.93 7/29/2002 136A2
MW4B 3484.74 5/2(2002 137.46 5128/2002 137.30 6/24/2002 136.86 7/29/2002 136.43

A-22-99 3460.00 516/2002 167.7 5/30/2002 169.00 6/24/2002 168.45 7/30/2002 167.81
A-24-99 3464.20 5/6/2002 159.61 5/30/2002 160.56 6/24/2002 159.47 7/30/2002 158.81

61-2 3487.07 5/6/2002 135.49 5/29/2002 138.37 6/24/2002 136.92 7/30/2002 136.00
7G 3448.57 5/6/2002 142.56 5/29/2002 138.84 6125/2002 137.9 7/30/2002 137.70

TP-0001 3485.38 5/612002 98.16 5/30/2002 98.18 6124/2002 98.66 7/30/2002 98.32
TP-0002 3436.14 5/6/2002 122.61 5/302002 122.53 6/24/2002 122.54 7130/2002 122.55
TP-0003 3487.98 5/6/2002 218.66 5/30/2002 216.77 6/24/2002 214.78 7/30/2002 211.38
TP-0004 3489.05 5/612002 134.86 5/3012002 133.64 6/24/2002 133.67 7/30/2002 133.54
TP-0005 3488.35 5/6/2002 119.32 5/30/2002 119.31 6/24/2002 119.34 7/30/2002 119.45
PM-0003 3487.99 5/6/2002 119A3 5/30/2002 119.41 6124/2002 119.44 7/30/2002 119.51
PM-0006 3489.59 5/6/2002 134.27 513012002 134.20 6/24/2002 134.22 7/3012002 134.23
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TABLE 6.6-2
WASTE CONTROL SPECIALIST

AUGUST - SEPTEMBER 2002
GROUNDWATER ELEVATIONS

Well ID TOC Elevation Date DtW Date DtW Date DtW
(ft) _ (t) (fI) (tl)

DW32A 3461.52 8/27/2002 216.59 9/12/2002 215.82
DW32B 3461.46 8/27/2002 203.85 9/12/2002 201.13
DW33A 3464.99 8/27/2002 223.44 9/12/2002 222.26
DW33B 3465.12 8/27/2002 212.69 _ 9/12/2002 211.30
DW34A 3468.70 8/27/2002 232.59 8128/2002 231.75 9/11/2002 224.64
DW34B 3468.94 8/27/2002 248.03 8/28/2002 247.47 9/11/2002 240.94
DW35A 3467.86 8/27/2002 226.54 8/28/2002 225.17 9/11 /.2002 20922
DW35B 3467.95 8/27/2002 217.99 8/28/2002 216.94 9/11/2002 207.93
DW36A 3467.59 8/27/2002 222.3 8/28/2002 220.18 9/11/2002 206.85
DW36B 3467.93 8/27/2002 217.89 8/28/2002 216.54 9/11/2002 206.19
NMB-23 3467.85 8/27/2002 131.18 9/12/2002 130.22
NMB-24 3439.15 8/27/2002 115.29 9/12/2002 115.28
MW1A 3480.79 8/27/2002 139.28 9/12/2002 138.91
MW1 B 3480.61 8/27/2002 136.42 9/12/2002 136.27
MW2A 3481.72 8/27/2002 147.87 _ 9/12/2002 147A41
MW2B 3481.93 8127/2002 163.09 9/12/2002 161.38
MW3A 3483.04 8/27/2002 146.51 9/12/2002 146.19
MW3B 3483.10 8/27/2002 145.94 9/12/2002 145.63
MW4A 3484.70 8/27/2002 136.14 _ 9/12/2002 136.07
MW4B 3484.74 8/27/2002 136.07 9/12/2002 135.99

A-22-99 3460.00 8/28/2002 168.64 9/12/2002 168.33
A-24-99 3464.20 8/28/2002 158.59 9/12/2002 157.381

6B-2 3487.07 8/27/2002 137.73 9/12/2002 137.02
7G 3448.57 8/27/2002 139.13 _ 9/12/2002 138.38

TP-0001 3485.38 8/2812002 98.32 9/1212002 98.40
TP-0002 3436.14 8/28/2002 122.57 9/12/2002 122.57
TP-0003 3487.98 8/28/2002 208.46 9/12/2002 206.72
TP-0004 3489.05 8/28/2002 133.51 9/12/2002 133.46
TP-0005> 3486.35 _ _ __ 8/28/2002 119.35 9/12/2002 119.41
PM-0003 3487.99 18/28/2002 119.45 9/1212002 119.51
PM-0006 3489.59 _ _8/28/2002 134.24 9/12/2002 134.24
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TABLE 6.6-2
WASTE CONTROL SPECIAUST
NOVEMBER - DECEMBER 2002
GROUNDWATER ELEVATIONS

Well ID TOO Elevation Date DtW Date DtW Date DtW
(tt) ' _ _ (ft) _ (ft) (ft)

DW32A 3461.52 10/29/2002 220.98 11/25/2002 218.38 12/20/2002 215.43
DW32B 3461.46 10/29/2002 205.32 11/25/2002 200.45 12120/2002 196.77
DW33A 3464.99 11/2512002 224.51 12/20/2002 222.41
DW33B 3465.12 11/25/2002 212.56 12/20/2002 209.97
DW34A 3468.70 11/2512002 212.04 12/20/2002 207.48
DW34B 3468.94 11/25/2002 219.71 12/20/2002 212.96
DW35A 3467.86 . t 11/2512002 199.27 12t20/2002 197.06
DW35B 3467.95 11/25/2002 199.13 12/20/2002 196.99
DW36A 3467.59 10/29/2002 202.91 11/25/2002 199.03 12/20/2002 196.59
DW36B 3467.93 10/29/2002 202.75 11/25/2002 199.05 12/20202 196.64
NMB-23 3467.85 10/29/2002 127.62 11/25/2002 126.32 12/19/2002 125.29
NMB-24 3439.15 10/29/2002 115.21 11/25/2002 115.38 12/19/2002 115.38
MWIA 3480.79 10/29/2002 137.78 11/25/2002 137.18 12/19/2002 136.65
MW1B 3480.61 10/29/2002 135.6 11/25/2002 135.06 12/19/2002 134.57
MW2A 3481.72 10/29/2002 146.08 11/25/2002 145.33 12/19/2002 144.65
MW2B 3481.93 10/29/2002 158.35 11/25/2002 156.58 12t19/2002 155.12
MW3A 3483.04 10/29/2002 146.32 11/25/2002 145.34 12/19/2002 144.61
MW3B 3483.10 10/29/2002 145.72 11/25/2002 144.78 12/19/2002 144.05
MW4A 3484.70 10/29/2002 136.1 11/25/2002 135.64 12/19/2002 135.27
MW4B 3484.74 10/29/2002 135.94 11/25/2002 135.57 12/19/2002 135.19

A-22-99 3460.00 10/29/2002 168.02 11 25/2002 169.71 12/20/2002 168.97
A-24-99 3464.20 10/29/2002 159.64 11/25/2002 161.84 12/20/2002 160.39

6B-2 3487.07 10/29/2002 135.81 11/25/2002 140.59 12t19/2002 138.64
7G 3448.57 10129/2002 138.8 11/25/2002 139.26 12/20/2002 137.91

TP-0001 3485.38 10/29/2002 98.32 11/25/2002 98.38 12/20/2002 98.31
TP-0002 3436.14 10/29/2002 122.58 11/25/2002 122.6 12/20/2002 122.59
TP-0003 3487.98 10/29/2002 200.04 11/25/2002 193.87 12/20/2002 188.35
TP-0004 3489.05 10/22912002 133.55 11/25/2002 133.86 12/20/2002 133.8
TP-0005 3488.35 10/29/2002 119.34 11/25/2002 119.45 12/20/2002 119.39
PM-0003 3487.99 10/29/2002 119.43 11/25/2002 119.54 12/20/2002 119.5
PM-0006 3489.59 10/29/2002 134.26 11/25/2002 134.29 12/20/2002 134.29
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TABLE 6.6-2
WASTE CONTROL SPECIALISTS

JANUARY - APRIL 2003
GROUNDWATER ELEVATIONS

Well ID TOO Elevation Date DtW GW Elevation Date DIW Date DtW GW Elevation
_7 t) Ih) (it) f _) ("

DW32A 3461.52 112812003 210.31 325121 2/28/2003 206.55 3/3112003 203.07 3051.90
DW32B 3461.46 1128/2003 192.15 3269.31 2/28/2003 189.19 3/31/2003 186.67 3085.60
DW33A 3464.99 1128/2003 218.99 3246.00 2/28/2003 215.53 313112003 212.37 3037.09
DW33B 3465.12 11282003 206.77 3258.35 2/28/2003 204.63 3/31/2003 202.56 3057.93
DW34A 3468.70 112812003 202.06 3266.64 2128/2003 198.81 33112003 196.23 3073.66
DW348 3468.94 12812003 205.57 3263.37 2/28/2003 201.A3 3/31/2003 198.56 3068.95
DW35A 3467.86 1128J2003 194.57 327329 2/28/2003 192.93 3/3112003 191.57 3083.36
DW358 3467.95 1/2812003 194.51 3273.44 2/2812003 192.88 313112003 191.55 3083.52
DW36A 3467.59 1/28/2003 193.91 3273.68 2/28/2003 192.14 3/3112003 190.73 3084.72
DW36B 3467.93 1t28/2003 194 3273.93 21281200 192.25 3/3112003 190.85 3084.83
NMB-23 3467.85 1U27/2003 123.86 3343.99 2/28/2003 122.80 312712003 121.98 3223.07
NME3-24 3439.15 1/2712003 115.48 3323.67 2/28/2003 115.41 3/27/2003 115.31 3208.43
MW1A 3480.79 112712003 135.81 3344.98 2/28/2003 135.15 312712003 134.54 3211.10
MW1B 3480.61 112712003 133.89 3346.72 2/28/2003 13326 3/27/2003 132.73 3214.62
MW2A 3481.72 112712003 143.59 3338.13 2/28/2003 142.69 3/27/2003 141.91 3197.12
MW2B 3481.93 1127/2003 152.96 3328.97 2/2812003 151.31 3/2712003 149.96 3180.66
MW3A 3483.04 112712003 143.63 3339.41 2/2812003 142.76 3/2712003 142.06 3198.22
MW3B 3483.10 11271203 143.08 3340.02 212812003 142.24 3/2712003 141.56 3199.30
MW4A 3484.70 112712003 134.84 3349.86 2/2812003 134.35 3/27/2003 133.96 3216.39
MW4B 3484.74 1/227/2003 134.77 3349.97 2128/2003 134.26 3/2712003 133.89 3216.59
A-22 3460.00 1/27/2003 169.04 3290.96 2/11/2003 175.89 3128/2003 169.00 3115.11
A-24 3464.20 1127/2003 160.63 3303.57 2/1112003 168.26 3/28/2003 159.58 3136.36
6B-2 3487.07 1/27/2003 137.24 3349.46 21112003 142.61 3/2712003 138.31 3206.15
7G 3448.57 1/27/2003 138.93 3309.64 2/V1/2003 145.09 3/31/2003 138.04 3310.96

TP-01 3485.38 112712003 98.31 3387.07 2/28/2003 98.21 3/28/2003 98.30 3288.87
TP-02 3436.14 1127/2003 122.59 3313.55 2M28/2003 122.59 3/2712003 122.53 3191.02
TP-03 3487.98 1127/2003 184.78 3303.20 2128/2003 181.81 3/28/2003 179.69 3126.48
TP-04 3489.05 1/2712003 133.82 3355.23 2/2812003 133.76 3/28/2003 133.80 3221.49
TP-05 3488.35 1/27/2003 119.40 3368.95 2128/2003 119.31 3/28/2003 119.36 3249.68
PM-03 3487.99 1/2712003 119.52 3368.47 2/28/2003 119.42 3128/2003 119.45 3249.12
PM-06 3489.59 1/2712003 134.29 3355.30 2/28/2003 134.31 3/28/2003 134.30 3220.98
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TABLE 6.6-2
WASTE CONTROL SPECIALISTS

MAY-AUGUST 2003
GROUNDWATER ELEVATIONS

Well ID TOC Elevation Date DtW Date DtW GW Elevation Date DtW
(tt) _ (t) (It) (f)t

DW32A 3461.52 4/24/2003 200.49 5/21/2003 197.91 3263.61 6/18/2003 195.38
DW32B 3461.46 4/24/2003 188.89 5/21/2003 183.21 3278.25 6/18/2003 181.64
DW33A 3464.99 417/2003 211.67 5/21/2003 210.92 3254.07 6/18/2003 208.36
DW33B 3465.12 4172003 202.09 5/21/2003 201.84 3263.28 6/18/2003 199.89
DW34A 3468.70 417/2003 195.71 5/21/2003 194.84 3273.86 6/18/2003 193.12
DW34B 3468.94 4/7/2003 197.69 5/21/2003 196.75 3272.19 6/1 8/2003 194.68
DW35A 3467.86 4172003 191.26 5/21/2003 190.93 3276.93 6/18/2003 189.92
DW35B 3467.95 417/2003 191.22 5/21/2003 190.94 3277.01 6118/2003 189.89
DW36A 3467.59 4/7/2003 190.43 5/21/2003 190.49 3277.10 6/18/2003 18927
DW36B 3467.93 4m12003 190.54 5/21/2003 190.63 3277.30 6/18/2003 189.41
NMB-23 3467.85 4/24/2003 121.38 5/2t/2003 120.85 3347.00 6/1212003 120.42
NMB-24 3439.15 4/24/2003 115.36 5/21/2003 115.28 3323.87 6/12/2003 115.13
MW1A 3480.79 4/24/2003 134.15 5/21/2003 133.75 3347.04 6/t10/2003 134.16
MW1B 3480.61 4/24/2003 132.42 5/21/2003 132.21 3348.40 610/2003 154.31
MW2A 3481.72 4/24/2003 141.33 5/21/2003 140.79 3340.93 6112/2003 140.39
MW2B 3481.93 4/24/2003 148.03 5/21/2003 147.78 3334.15 61t22003 146.98
MW3A 3483.04 417/2003 141.92 5/21/2003 141.66 3341.38 6/12/2003 141.17
MW3B 3483.10 417/2003 141.41 5/21/2003 141.15 3341.95 6/12/003 140.70
MW4A 3484.70 472003 133.95 51/2003 133.78 3350.92 6/12/2003 133.55
MW4B 3484.74 417/2003 133.83 5/21/2003 133.73 3351.01 6/12/2003 133.48
A-22 3460.00 4/24/2003 169.11 5/22/2003 169.13 3290.87 6/12/2003 170.55
A-24 3464.20 4/24/2003 159.38 5/22/2003 159.15 3305.05 61t2/2003 159.33
6B-2 3487.07 4/24/2003 137.42 5/22/2003 136.74 3350.33 6/12/2003 .140.68
7G 3448.57 4/24/2003 139.62 5/2212003 138.11 3306.01 6/18/2003 138.99

TP-01 3485.38 4/24/2003 98.24 5/21/2003 98.49 3386.89 6/9/2003 98.45
TP-02 3436.14 4/24/2003 122.62 5/21/2003 122.63 3313.51 6/12/2003 122.64
TP-03 3487.98 4/24/2003 177.48 5/21/2003 175.22 3312.76 6/12/2003 173.30
TP-04 3489.05 4124/2003 134.67 5/19/2003 134.36 3354.69 6/12/2003 133.97
TP-05 3488.35 4/242003 122.49 519/2003 1 23.28 3365.07 6/9/2003 123.30
PM-03 3487.99 4/24/2003 124.81
PM-06 3489.59 4/24/2003 135.52

NM-P01 3429.61 4/24/2003 dry 5/19/2003 137.03 3292.58 6/10/2003 136.38
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TABLE 6.6-2
WASTE CONTROL SPECIALUSTS
SEPTEMBER - DECEMBER 2003
GROUNDWATER ELEVATIONS

Well ID TOC Elevation Date DtW GW Elevation Date DtW Date DlW
(tt) (Rt) (It) . ~ (It) I #0

DW32A 3461.52 7/2112003 192.58 3073.56 8127/2003 189.79 37879.00 190.86
DW32B 3461.46 7/2112003 179.94 3099.88 8/2712003 178.28 37879.00 177.81
DW33A 3464.99 7/21/2003 205.47 3051.17 8/27/2003 202.6 37879.00 201.30
DW33B 3465.12 7/21/2003 197.91 3067.32 8/27/2003 195.98 37879.00 195.74
DW34A 3468.70 7/2112003 19A.42 3084.16 812712003 189.88 37879.00 188.76
DW34B 3468.94 7/2112003 192.70 3081.56 8/27/2003 190.95 37879.00 189.90
DW35A 3467.86 7121/2003 188.85 3089.09 8/27/2003 187.75 37879.00 187:23
DW35B 3467.95 712112003 188.84 3089.22 8127/2003 187.74 37879.00 186.95
DW36A 3467.69 7121/2003 188.10 3090.22 8/27/2003 186.96 37879.00 186.08
DW36B 3467.93 7/2112003 188.23 309029 812712003 187.12 37879.00 186.52
NMB-23 3467.85 7/1812003 119.87 3227.56 8127/2003 119.26 37879.00 119.18
NMB-24 3439.15 7/18/2003 114.97 3209.05 812712003 114.74 37879.00 114.67
MW1A 3480.79 7/14/2003 134.82 3211.81 8120/2003 134.89 37873.00 134.72
MW1 B 3480.61 7/14/2003 140.74 3185.56 812012003 134.86 37873.00 134.41
MW2A 3481.72 7/1812003 139.97 3201.36 812712003 139.57 37873.00 139.45
MW2B 3481.93 7/1812003 145.79 3189.16 8/27/2003 144.6 37873.00 144.52
MW3A 3483.04 7/18/2003 140.58 3201.29 8/27/2003 140.02 37873.00 140.06
MW3B 3483.10 7/18/2003 140.14 3202.26 8/2712003 139.57 37873.00 139.52
MW4A 3484.70 7/1812003 133.34 3217.81 8/27/2003 133.11 37873.00 133.08
MW4B 3484.74 7/1812003 133.31 3217.95 812712003 133.05 37873.00 133.11

A-22-99 3460.00 7/1712003 169.06 3120.39 8/1 12003 174.19 37879.00 171.86
A-24-99 3464.20 7/1712003 158.89 3145.98 8/11/2003 163.46 37879.00 162.51

6B-2 3487.07 7/18/2003 138.2 3208.19 8/11/2003 143.1 7 37873.00 14024
7G 3448.57 7/1 82003 140.31 3310.67 811tl2003t 145.61 37873.00 144.30

TP-0001 3485.38 711712003 98.63 3288.30 812712003 98.65 37880.00 98.60
TP-0002 3436.14 7/1712003 122.68 3190.82 812712003 122.67 37879.00 122.60
TP-0003 3487.98 7/17/2003 170.27 3144.41 812712003 166.71 37880.00 165.92
TP-0004 3489.05 7/1712003 133.98 3221.10 812712003 133.76 37880.00 133.51
TP-0005 3488.35 7/17/2003 121.61 3243.44 8/2712003 120.7 37880.00 120.32
PM-0003 3487.99 812112003 126.43 37879.00 123.48
PM-0006 3489.59 8121/2003 141.92 37875.00 134.86
NM P01 3429.61 7/1412003 136.67 3156.56 812012003 136.46 37873.00 136.36
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TABLE 6.6-2
WASTE CONTROL SPECIALIST

OCTOBER-DECEMBER 2003
GROUNDWATER ELEVATONS

Well ID TOC Elevation Date DlW Date DtW Date DtW
(It) t) ) _ (it) (it)

DW32A 3461.52 10/1512003 189.19 11/19/2003 156.67 12112/2003 186.71
DW32B 3461.46 10/15/2003 179.07 11/19/2003 177.02 1211212003 177.14
DW33A 3464.99 1013012003 198.27 11/19/2003 197.11 12112/2003 197.05
DW33B 3465.12 10130/2003 192.93 11/19/2003 192.08 12/12/2003 191.96
DW34A 3468.70 10/5/2003 189.61 11/19/2003 188.10 12/12/2003 188.13
DW34B 3468.94 110/15/2003 193.28 11119/2003 189.44 12112/2003 189.21
DW35A 3467.86 10/30/2003 186.14 11/19/2003 185.79 12/12/2003 185.62
DW35B 3467.95 10130/2003 186.17 11/19/2003 185.81 12112/2003 185.84
DW36A 3467.59 10/15/2003 189.92 11/19/2003 185.39 12/1212003 185.35
DW36B 3467.93 10/15/2003 189.92 11/19/2003 185.53 12/12/2003 185.42
NMB-23 3467.85 10/29/2003 118.48 11/17/2003 118.22 12/12J2003 118.07
NMB-24 3439.15 10/29/2003 114.48 11/17/2003 114.55 12/12/2003 114.32
MW1A 3480.79 10/2912003 134.68 11/17/2003 133.67 1218/2003 133.7
MW1B 3480.61 10/29/2003 134.39 11/17/2003 132.32 12/8/2003 132
MW2A 3481.72 10/15/2003 140.62 11/17/2003 140.88 12/1212003 140.67
MW2B 3481.93 10/15/2003 145.83 11/17/2003 144.76 12/12/2003 144.25
MW3A 3483.04 10/3012003 139.26 11/17/2003 138.04 12112/2003 138.96
MW3B 3483.10 10/30/2003 138.84 11/17/2003 138.63 12112/2003 138.47
MW4A 3484.70 10/1152003 134.43 11/17/2003 132.94 12/1212003 132.35
MW4B 3484.74 10/1512003 134.45 11/17/2003 132.85 1211212003 132.78

A-22-99 3460.00 10/30/2003 168.31 11/20/2003 168.46 12/12/2003 168.22
A-24-99 3464.20 10/30/2003 158.76 11/20/2003 158.04 12/1212003 147.76

6B-2 3487.07 10/30/2003 137.23 11/2012003 136.74 12/12/2003 136.47
7G 3448.57 10/30/2003 138.87 11/20/2003 138.38 12/1212003 135.02

TP.0001 3485.38 10/30/2003 98.56 11/17/2003 98.64 12/1212003 98.67
TP-0002 3436.14 10/30/2003 122.66 11/17/2003 122.7 12/12/2003 122.73
TP-0003 3487.98 10/30/2003 161.31 11/17/2003 159.78 12/12/2003 159.55
TP-0004 3489.05 10/30/2003 133.82 11/17/2003 133.89 121t212003 133.92
TP-0005 3488.35 10/30/2003 120.31 11/17/2003 120.17 12/1212003 120.11
PM-0003 3487.99 10117/2003 11/17/2003 120.29 12/122003 120.22
PM-0006 3489.59 10/30/2003 11/12/2003 134.8 12112/2003 142.63
NM P01 3429.61 1 0/29/2003 136.21 11/17/2003 136.34 12(8/2003 136.31
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TABLE 6.6-2
WASTE CONTROL SPECIALISTS LLC

TEXAS TECH GROUNDWATER LEVELS

Well ID TOC Elevation Date DIW Date DIW Date DtW
(ft) (ft) (U) _ (ft)

PZ-1 3542 3/99 75 2001 75.69 12117/2003 75.89
PZ-2 3519 3199 68 2001 78.03 12117/2003 77.55
PZ-3 3491 3/99 57 2001 58.04 12/17/2003 57.96
PZ-4 3513 4/99 na 2001 dr 12/17/2003 dry
PZ-5 3492 3/99 dr 2001 81.87 12/17/2003 83.97
PZ-6 3465 3/99 62 2001 63.98 12117/2003 63.66
PZ-7 3455 3/99 dw 2001 69.21 12/17/2003 69.03
PZ-8 3490 3/99 dry 2001 dy 12117/2003 69.9
PZ-9 3483 3/99 54 2001 55.15 12/17/003 56.29
PZ-10 3484 3/99 74 2001 73.93 12/17/2003 74.15
PZ-11 3449 3/99 61 2001 62.53 12117/2003 63.71
PZ-12 3429 3199 60 2001 60.27 12117/2003 60.88
PZ-13 3468 3/99 56 2001 56.20 12/17/2003 56.54
PZ-14 3484 3199 59 2001 61.24 12/17/2003 61.37
PZ-15 3447 3199 dry 2001 d 12/17/2003 dy
PZ-16 3520 3/99 68 2001 68.57 1217/2003 68.58
PZ-17 3465 4/99 83 2001 83.66 12/17/2003 83.75
PZ-18 3481 4/99 64 2001 65.14 12/17/2003 65.17
PZ-19 3432 4/99 dr 2001 dy 12/16/2003 dry
PZ-20 3440 3/99 dy 2001 dry 12116/2003 dry
PZ-21 3401 4/99 dy 2001 dr 12/16/2003 dry
PZ-22 3393 4/99 dy 2001 dr 12/16/2003 dry

PZ-23 3412 4/99 dry 2001 dr 12/16/2003 dy
PZ-24 3416 4/99 dy 2001 dryI 12/16/2003 dr
PZ-25 3410 3199 dry 2001 dr 12/16/2003 dy
PZ-26 3433 3199 36 2001 38.03 12M6/2003 38f61
PZ-27 3405 3/99 dry 2001 dry 12/16/2003 dry
PZ-28 3375 3199 drv 2001 drv 1216/2003 dr
PZ-29 3384 3/99 dry 2001 dry 12/16/2003 dr
PZ-30 3416 4/99 dry 2001 dy 12/162003 dr
PZ-31 3461 3/99 _ 2001 _ 12/16/2003 dry
PZ-32 3484 3199 71 2001 70.70 12/16/2003 70.83
PZ-33 3474 3/99 62 2001 63.05 12/16/2003 63.67
PZ-34 3432 3/99 3432 2001 35.23 12116/2003 35.29
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TABLE 6.6-3
WASTE CONTROL SPECIALISTS LLC

MAXIMUM AND MINIMUM GROUNDWATER ELEVATIONS OF THE "225-ZONE"

TOC Maximum Minimum Minimum Maximum
Well Elevation DtW GW Elev. DtW GW Elev.

ID (msl) Date (ft) (msl) Date (it) (ms)

DW32A 3461.52 5/29/2002 225.52 3236.00 11/19/2003 186.67 3274.85

DW32B 3461.46 3/26/2002 235.37 3226.09 11/19/2003 177.02 3284.44

DW33A 3464.99 5/29/2002 230.56 3234.43 1211212003 197.05 3267.94

DW33B 3465.12 3/26/2002 239.11 3226.01 12/12/2003 191.96 3273.16
DW34A 3468.70 8/27/2002 232.59 3236.11 12/12/2003 188.13 3280.57
DW34B 3468.94 8/27/2002 248.03 3220.91 12/12/2003 189.21 3279.73
DW35A 3467.86 8/27/2002 226.54 3241.32 12112003 185.62 3282.24
DW35B 3467.95 8/27002 217.99 3249.96 12/12/2003 185.84 3282.11
DW36A 3467.59 8/27/2002 222.3 3245.29 12112/2003 185.35 3282.24
DW36B 3467.93 8/27/2002 217.89 3250.04 12/12/2003 185.42 3282.51
NMB-23 3467.85 1/21/2002 139.97 3327.88 12/12/2003 118.07 3349.78
NMB-24 3439.15 1/2/2002 116.19 3322.96 12/12/2003 114.32 3324.83
MW1A 3480.79 1/21/2002 151.11 3329.68 11/17/2003 133.67 3347.12
MW1B 3480.61 1/21/2002 142.02 3338.59 12/8/2003 132 3348.61
MW2A 3481.72 1/21/2002 158.58 3323.14 9/12/2003 139.45 3342.27
MW2B 3481.93 1/21/2002 190.58 3291.35 12/12/2003 144.25 3337.68
MW3A 3483.04 1/21/2002 154.56 3328.48 11/17/2003 138.04 3345.00
MW3B 3483.10 1/21/2002 153.81 3329.29 12/12/2003 138.47 3344.63
MW4A 3484.70 1/21/2002 139.78 3344.92 12t12/2003 132.35 3352.35

MW4B 3484.74 1/21/2002 139.63 3345.11 12112/2003 132.78 3351.96

A-22-99 3460.00 2/11/2003 175.89 3284.11 12/12/2003 168.22 3291.78

A-24-99 3464.20 8/11/2003 163.46 3300.74 12/122003 147.76 3316.44
6B-2 3487.07 2/11/2003 142.61 3344.46 5/6/2002 135.49 3351.58

7G 3448.57 2/11/2003 145.09 3303.48 12112/2003 135.02 3313.55

TP-01 3485.38 12/12/2003 98.67 3386.71 5/612002 98.16 3387.22

TP-02 3436.14 12/12/2003 122.73 3313.41 3/27/2003 122.53 3313.61

TP-03 3487.98 1/22/2002 225.81 3262.17 12/12/2003 159.55 3328.43
TP-04 3489.05 5/6/2002 134.86 3354.19 9/12t2002 133.46 3355.59

TP-05 3488.35 6/9/2003 123.30 3365.05 5/30/2002 119.31 3369.04

PM-03 3487.991 8/21/2003 126.43 3361.56 2/28/2003 119.42 3368.57

PM-06 3489.59 12/12/20031 142.63 3346.96 1/28/2002 134.08 3355.51

NMP-01 3429.61 1/28/2002 136.67 3292.94 10/29/2003 136.46 3293.15

The MW and DW series welts are not static (equilibrated) groundwater measurements.

P*12 had groundwater in it orty once. It has been dry since 22002.
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TABLE 6.6-4 UNIT GROUNDWATER DETECTION MONITORING SYSTEM

WnqtA oinriaantI Init/Avan Nlama
* .1t Gus"- .*-. .-.. .. | Iv. at .i .. .- - * -,,,_..

Well Number(s) MW-1A MW-1 B MW-2A MW-2B MW-3A MW-3Bl

Hydrogeologic Unit Monitored 225 225 225 225 225 225

Type- point of compliance (POC), background (BG), BG BG BG BG BG BG
observation (Observ) l

Up or Down Gradient (UG, DG) UG UG UG UG UG UG

Casing Diameter and Material 4"lPVC 4"PVC 4" PVC 4" PVC 4" Pvc 4" PVC

Screen Diameter and Material 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC

Screen Slot Size (in.) 0.010" 0.010 n 0.0104V 0.010" 0.010PC 0.0104"

Top of Casing Elevation (ft. MSL) 3480.79 3480.72 3481.93 3481.93 3483.04 3483.10

Grade or Surface Elevation (ft. MSL) 3477.5 3477.4 3478.7 3478.8 3480.0 3480.1

Well Depth (ft.) 257 271.5 261 274 265 280

Screen Interval, From(ft) 241 255 245 258 249 264
To(ft) 256 270 260 273 264 279

Facility Coordinates (e.g., lat/ong or company
coordinates)

32226' 47.18" 47.23" 48.07" 48.12 48.88 48.9

130903' 46.00 45.50 44.20 44.09 42.73 42.63

TCEQ Panl B Application
TCEQ.O376 (Rev. O002/20X03)
WCSWINALM0063\~RENEWAL APPLICAT1ON\
AT1ACHMENT VP.T040209-TA9LE O.e.4.DOC
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TABLE 6.6-4 UNIT GROUNDWATER DETECTION MONITORING SYSTEM - continued

Waste Manaaement Unit/Area Name

Well Number(s) MW-4A MW-4B DW-32A DW-32B 6W-32 DW-33A

Hydrogeologic Unit Monitored 225 225 225 225 225 225
Type- point of compliance (POC), background (BG), SG BG POC POC Observ POC
observation (Observ) __ __ __ __ __I

Up or Down Gradient (UG, DG) UG UG DG DG. DG Dg

Casing Diameter and Material 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC

Screen Diameter and Material 4" PVC 4 PVC 4" PVC 4" PVC 4" PVC 4" PVC

Screen Slot Size (in.) 0.010o 0.010" 0.010" 0.010" 0.010" 0.010"

Top of Casing Elevation (ft, MS_ 3484.70 3484.74 3461.52 3461.46 3461.45 3464.99

Grade or Surface Elevation (ft, MSI) 3481.6 3481.5 3481.5 3458.4 3458.5 3462.0

Well Depth (ft.) 268 283.5 228.5 244.5 128 231

Screen Interval, From(ft) 252 267.5 212,5 229.5 117 215
To(ft) 267 282.5 227.5 244.5 127 230

Facility Coordinates (e.g., lat/long or company
coordinates)

32926' 49.81" 49.86" 26.60" 26.56" 26.64" 26.15"

13003_ 41.39" 41.29" 47.42" 47.63" 45.84"

TCEQ Pan B Applicalion
TCEQ4376 (Rcv. CW=0013)
WCS\FINAL\03063\RENEWAL APPLICATION\
ATTACHMENT VWT040209-TABLE 6.6-4.00c
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TABLE 6.6-4 UNIT GROUNDWATER DETECTION MONITORING SYSTEM - continued

Woeta "aanatmant Ui t/Araa Mama

Well Number(s) DW-33B SW-33 DW-34A DW-34B SW-34 DW-35A

Hydrogeologlc Unit Monitored 225 125 225 225 125 225
Type- point of compliance (POC), background (BG), POO Observ POC POC Observ POC
observation (Observ) ____

Up or Down Gradient (UG. DG) DO DG DG DG DG DG
Casing Diameter and Material 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC
Screen Diameter and Material 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC
Screen Slot Size (In.) 0.010" 0.010" 0.010" 0.010" 0.010" 0.010"
Top of Casing Elevation (ft. MSL) 3465.12 3464.84 3468.70 3468.94 3468.58 3467.86
Grade or Surface Elevation (ft. MSL) 3462.2 3461.9 3465.7 3465.9 3465.6 3465.4
Well Depth (ft.) 246 146.5 234 248 119 233.5
Screen Interval, From(ft) 230 135.5 218 232 108 218

To(ft) 245 145.5 233 247 118 233
Facility Coordinates (e.g., latAong or company
coordinates)

32226 ' 26.12" 26.19" 25.68" 25.64" 25.72" 25.21"

13 0 20 3 ' 45. 45.95" 44.15" 44.04" 44.26" 42.73"

TCEQ Pan B Appikation
TCEQ-0376 (wbV. 00/V2OO3)
WCSFINAL\03068RENEWAL APPUCATIOMN
ATTACHMENT Vl\T040209-TABLE 6.6-4.DOC
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TABLE 6.6-4 UNIT GROUNDWATER DETECTION MONITORING SYSTEM - continued

Waste Management Unit/Area Name

Well Number(s) DW-35B SW-35 DW-36A DW-36B | SW-36

Hydrogeologic Unit Monitored 225 125 22 225 125
Type- point of compliance (POC), background (BG), P0C Observ POO POC Observ
observation (Observ) l
Up or Down Gradient (UG| DG) DG DG DG DG DG
Casing Diameter and Material 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC l

Screen Diameter and Material 4" PVC 4" PVC 4" PVC 4" PVC 4" PVC l
Screen Slot Size (in.) 0.010" 0.010" 0.010" 0.010" 0.010"
Top of Casing Elevation (ft. MSL) 3467.95 3467.95 3467.59 3467.93 3467.22
Grade or Surface Elevation (ft, MSL) 3465.4 3465.5 3465.0 3465.4 3464.7
Well Depth (ft, _ 249 123.5 238.5 253.5 118.5
Screen Interval, From(ft) 233 113 223 238 108

To(ft) 248 123 238 253 118
Facility Coordinates (e.g., lat/long or company
coordinates)

32_26_ 25.18" 25.24" 24.83" 24.80" 24.86"

130903' 42.62" 42.85" 41.25" 41.14" 41.37"

TCEQ Pan B Application
TCEQ4376 (Rev. 0/02/2003)
WCS\FINAL\03063\RENNEWAL APPLICATION\
ATTACHMENT VNT040209.TABLE 6.6-4,DOO

4
REVISION 0

9 FEBRUARY 2004



TABLE 6.6-5
WASTE CONTROL SPECIALISTS LLC
GROUNDWATER SAMPLE ANALYSIS

For each well or group of wells, specify the suite of parameters for which groundwater samples wvill be analyzed.
Well No(s). 32A. 32B. 33A. 33B. 34A. 34B. 35A. 35B. 36A. 36B

Parameter Samgfing Frequ~enc 7' AnaL'tical Method Detection Limits Concentration Limits'

Volatile Organic Priority Pollutant Monitoring Parameters

Acetone Staggered Semi-Annual SW-846 8260/EPA Method 624 100 PgFL 100 pg/L
Benzene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pIglL5 pg1L
Bromoform Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L 5 pg/L
Carbon Disulfide Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L 5 jig/L
Carbon Tetrachloride Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L 5 gig/L
Chlorobenzene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 plg/L 5 pg/L
Chiorodibromomethane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 ug/L S pg/L
Chloroethane_ Staggered Semi-Annual SW-846 8260/EPA Method 624 10 pg(L 10 ,ug/L
Chloroform Staggered Semi-Annual SW-846 8260/EPA Method 624 5 ig/L 5 pg/L
Dichlorobromomethane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 gg/L S pg/L
1.1-Dichloroethane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 jig/L 5 pg/L
1.2-Dichloroethane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 ig/L 5 pg/L
1.1-Dichloroethlene Staggered Semi-Annual SW 46 8260/EPA Method 624 5 Sg/L 5 Egj

The concentration limit is the basis for determining whether a release has occurred from the waste management unit/area.

WCS\FINAL\03063\11ENEWAL APPLICATION\
T040209-.TABLE 8.13.5,doc



TABLE 6.6-5
WASTE CONTROL SPECIALISTS LLC
GROUNDWATER SAMPLE ANALYSIS

For each well or group of wells, specify the suite of parameters for which groundwater samples will be analyzed.
Well No(s). 32A. 32B. 33A. 33B. 34A. 34B. 35A. 35B. 36A. 36B

Parameter = Sampling Fre uency I Analytical Method Detection Limits Concentration Limitsl

Volatile Organic Priority Pollutant Monitoring Parameters (concluded)
1 .2-Dichloropropane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 Alg/L 5 iig/L
cis-1.3-Dichloropropylene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L S pg/L
trans. 1,3_Dichloropropylene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 vg/L 5 pg/L
Ethylbenzene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L 5 pig/L

Methyl Bromide Staggered Semi-Annual SW-846 8260/EPA Method 624 10 jpg/L 10 pg/L
Methyl Chloride Staggered Semi-Annual SW-846 8260/EPA Method 624 10 pg/L 10 jig/L
1.1,2.2-Tetrachloroethane Staggered Semi-Annual SWV-846 8260/EPA Method 624 5 .zg/L 5 jig/L
Tetrachloroethylene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L, 5 .ig/L
Toluene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 p.g/L 5 igfL

1,2-trans-Dichloroethylene Staggered Semi-Annual SW-846 8260/EPA Method 624 10 jig/L 5 jig/L
1,1,1-Trichloroethane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 pg/L S j'g/L
1, 1 .2-Trichloroethane Staggered Semi-Annual SW-846 8260/EPA Method 624 5 iig/L 5 ,uglL
Trichloroethylene Staggered Semi-Annual SW-846 8260/EPA Method 624 5 iggL 5 gg/L
Vinyl Chloride Staggered Semi-Annual SW-846 8260/EPA Method 624 1tgfL 10 WIg/L

The concentration limit is the basis for determining whether a release has occurred from the waste management unit/area.
WCS\FINAU03063RENEWAL APPLICATION\
To40209sTABLE 6.6-5.doc



TABLE 6.6-5
WASTE CONTROL SPECIALISTS LLC
GROUNDWATER SAMPLE ANALYSIS

For each well or group of wells, specify the suite of parameters for which groundwater samples will be analyzed.
Well No(s). 32A. 32B. 33A. 33B. 34A. 34B. 35A. 35B. 36A. 36B

| Parameter : ~Samtpfing Feun n~tclMto etcinLmtsCnetainc Liit

Semi-Volatile Monitoring Parameter

Phenol Staggered Semi-Annual SW-846 8270/EPA Method 625 10 Ipg/L 10 Pg/Ll

1,4 Dioxane Staggered Semi-Annual SW-846 8270/EPA Method 625 | 10 pg/L | 10 pg/Ll

Metal Monitoring Parameters

Arsenic Staggered Semi-Annual SW-846 6010/EPA Method 200.7 0.01 ng/L NA

Nickel Staggered Semi-Annual SW-846 6010/EPA Method 200.7 0.005 mg&/ NA

Cadmium Staggered Semi-Annual SW-846 6010/EPA Method 200.7 0.005 mg/L NA

Selenium Staggered Semi-Annual SW-846 6010/EPA Method 200.7 0.005 mg/L NA

1 The concentration limit is the basis for determining whether a release has occurred from the waste management unit/area.

WCST\INAL\O33\PEBEWAL APPLCATIO
T040209-TABLE 6.6-5.doc



TABLE 6.6-6
SUMMARY OF METALS CONCENTRATIONS

IN INDIVIDUAL LEACHATE SAMPLES AT THE WCS FACILITY

METAL LEACHATE CONCENTRATIONS (PP1) MAXIMUM LEACHATE AVERAGE LEACHATE
CELL A CELL B CELL C CELL D CONCENTRATION (PPB) CONCENTRATION (PPS)'

Antimony NA NA NA NA ND ND
Arsenic 50.3 128 141 231 231 137.6
Barium 34.5 33 , 35.6 32.8 35.8 34.0

Beryllium NA NA NA NA ND ND
Cadmium 113 <5 1 <5 <5 113 30.1
Chromium <10 _ 10 1 <10 (10 ND ND

Cobalt 28.7 47 ! 10 27.3 47 27.0
Copper 224 56.6 26 15.5 224 80.5

Lead 40.2 36.9 I 16.1 16.7 40.2 27.2
Mercury 0.27 0.21 <0.20 <0,20 0.27 0.17
Nickel 201 216 68.3 <40 216 126.3

Selenium _ 15 _15 17.1 <15 17.1 9.9
Silver <10 c10 <10 <10 ND ND

Vanadium 18.7 15.9 i d10 <10 18.7 11.2

NA - Not Analyzed

Where a parameter was detected In one or more cells and also not detected in one or more cells, the average concentration
was calculated using one-half the reporting limit.

WCSiFINAL\0306"ENEWAL APPLICATIOM
ATrACHMENT VI\T040209.TABLES 8.8-6 . 8.8.10
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TABLE 6.6-7
CALCULATIONS FOR SOIL-LEACHATE PARTITION FACTOR

FOR METALS AT THE WCS FACILITY

INPUT PARAMETERS
Parameter Description Value Source

Kd Soil-water partition coefficient (cm3-water/g-soil) Chemical-Specifl See footnotes below calculations table
| H Dimensionless Henry's Law Constant Chemical-Speciflc TCEQ Physical/Chemical Properties Table, updated 31 March 2003
pb Soil bulk density (g/cm3) 1.67 Default Value, TRRP Tier 2 Soil-to-GW PCL Equation

Site-specitic: clay, sandy, low plasticity; Soil Attenuation Model. Table 2,
ews Volumetric water content of vadose zone soils (cm3-water / em3-soil) 0.31 Groundwater Services, Inc. July 1997.

Site-specinic: clay, sandy. low plasticity; Soil Attenuatlon Model, Table 2
eas Volumetric air content of vadose zone soils (cm3-air / cm3-soll) 0.07 Groundwater Services, Inc. July, 1997.

TRRP Tier 2 Soil-to-Groundawater PCL Equation; Also see Soil
K,, Soll-leachate partitian factor for COO (m/L-water / mg/kg-soil) Calculated Attenuation Model, Groundwater Services, Inc., July 1997

EQUATION FOR SOIL-LEACHATE PARTITION FACTOR

O we + Kdpb + H Os

CALCULATIONS TABLE
METAL _ Kd - Values __A____ __ Calculated Ksw (mgiL water / mg/kg-soil)

E pH5.0 |pH6.0 pH 7.0 pH 8.0 pH 5.0 ppH6.0 pH pH 8.0
ntimony"' 0 45 45 45 45 2.21 E-02 2.21 E-02 2.21 E-02 2.21 E-02

Arseni0 _ 25 27 29 31 3.97E-02 3.68E-02 3.43E-02 3.21 E-02
0 12 30 42 52 8.21 E-02 3.31 E-02 2.37E-02 1.92E-02

Berylliu0 O 26 82 1700 100000 3.82E-02 1.22E-02 5.88E-04 1.00E-05
Cadmiurn 0 17 37 110 4300 5.82E-02 2.69E-02 9.08E-03 2.33E-04
Chromiur 1900 200000 2500000 4300000 5.26E-04 5.00E-06 4.00E-07 2.33E-07
Cob0lt 0 45 45 45 45 2.21 E-02 2.21 E-02 2.21 E-02 2.21 E-02

Copper 0 50.1 794 15849 25119 1.99E-02 1.26E-03 6.31E-05 3.98E-05
0 597 597 597 597 1.67E-03 1.67E-03 1.67E-03 1.67E-03

Mercury 0.474 0.06 4 82 200 3.77E+00 2.38E-01 1.22E-02 4.99E-03
0 18 38 88 1900 5.50E-02 2.62E-02 1.13E-02 5.26E-04
0 0.13 1 13 110 3.17E+00 8.43E-01 7.58E-02 9.08E-03

§ r0 17 9 4 2 5.82E-02 1.09E-01 2.39E-01 4.58E-01
Vanadlum 0 1000 1000 1000 1000 11.00-03 11.OOE-03 1.00-E03
7ud valuo obtained trom 30 TAC 35r3te)(i)(C); non-pH dependent inorganic.

(2) Kd value obtained from 30 TAC 350.73(e)(t)(C): pH dependent Inorganics.
(3) Kd value obtained from 30 TAC 350.73(e)(1)(A). Loamy soils with pH ranging between 5 and 9.
(4) Kd value obtained from Table 8-2. Overview of CSST Procedures rm the Derivation of Son Ouality Matrix Standards for Contaminated Sites. Risk Assessment UnIt Environmental Protection Department.Government of British Columbia. dated 31 January 1996
(5) Kd value obtained from TCED ChemricalPhyslcai Table updated March 31.2003. No pH specific values are known to be available for this constituent.

WCMI"INAL00300PENEWAL APPUCArTONA
ATTACHMENT VWT040209-.TABLES 8.64 - e0-10oXis

REVISION 0
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TABLE 6.6-8
WASTE CONTROL SPECIALISTS LLC

CONCENTRATION-WEIGHTED MOBILITY FACTORS

Maximum Leachate Concentration Factors

Calculated Ksw (ngiL-water I mngkg- Maximum Concentration * Concentration' Concentration-
|MUETAL ___ soil) _ Leachate Ksw Ksw Ksw

pH s.0 pH 7.0 pH 8.0 Concentration pH 6.0 pH 7.0 pH J.0

Arsenic ( 3.68E-02 3.43E-02 3 21tE02 231 8s50E+00 7.914854329 7.407258065

Banum ( 3.31E-02 2.37E-02 1.92E-02 35.6 1.18E+00 0.843889283 0.682180149

lum ° 2.69E-02 9.08E-03 2.33E-04 113 3.04E+00 1.02554209 0.026277935

it 2.21E-02 2.21E-02 2.21E-02 47 1.04E+00 1.040153724 1.040153724

o 1.26E-03 8.31E-05 3.98E-05_ 228 2.87E-01 0.014385597 0.009076727

ad 2  1.67E.03 1.67E-03 1.67E-03 40.2 6.73E-02 0.067315753 0.067315753

etcury t2) 2.38E-01 1.22E-02 4.99E-03 0.27 6.42E-02 0.003284452 0.001348614

idcel t 2.62E-02 13E -02 5.26E-04 216 5.66E+00 2.449378692 0.113673105

lenium t 1.09E-01 2.3E-01 4.58E-01 17.1 1.86E+00 4.085407725 7.823835616
________ 1.OOE.03 t.OoE-03 1.ooE-03 187 1.87E-02 0.018696529 0.018696529

(1) Kd vatae obtained frorn 30 TAC 350.73(et)(C); non-pH dependent inorganic.
(2) Kd vakue obtained from 30 TAC 350.73(e)(1)(C); pH dependent alorgancs.
(3) Kd value obltaied from 30 TAC 350.73(e)(IXA). Loamy sods wit pH ranging between 5 and 9.
(4) Kd value obtained from Table B-2. Overview of CSST Procedures tro the Derivation of Sod Ouatty Matrix Standards for
Contaminated Sites, Risk Assessment Unit Envmrcnentat Protection Department. Government of British Columbia, dated 31
(5) Kd vatue obtained from TCEO CheemricalPhysicat Table updated March 31.2003. No pH specific values ae known lo be available kri this constituent

Average Leachate Concentration Factors

Avrg .ocnrto Cocnrto ocnrto

METAL
Calculated Ksw (mgfL-water I mghkg-

_ soil) _

pH 60 I pH 7.0 1 pH ao

Average
Leachate,

Concentration

Concentration '
Ksw

pH &O

Concentration *
Ksw

pl-17.0

Concentration'
Ksw

pH 8.0
4senic t 1

3.68E-02 I 3.43E-02 3.21E402 t37s57s | 5.06E+OO 4.713792573 4AIttM7135

Barium 0 331 E-02 2.37E-02 1.92E-02 33.975 1.13E+00 0.80536906 0.651041308

Cadmium
t a 2.69E-02 9.08E-03 2.33E-04 30.125 8a1OE-01 0273402261 0.007005512

cobait 2.21E-02 2.21E-02 2.21E-02 27 5.9BE-01 0.597535118 0.597535118

Dopper 1  1.26E-03 6.31E-05 3.98E-05 8Os525 1.01 -01 0.005080703 0.003205717

Lead 1 t.67E-03 1.67E-03 1.67E-03 27.225 4s5GE-02 0.045588s4 0.04558884

Mercury 223BE-01 1.22E4]2 4.99E-03 0.17 4.04E.02 0.002067988 0.00084912a

Rickel M 2.62E-02 1.13E-02 526E-04 128.325 331 E.00 1.432489645 0.066480347
Seleniumt 2)  1.09E-01 2.39E-01 4.58E-01 9.9 1.08E+00 2.365236052 4.529589041
Vanadium "I 1.00E-03 1.OCE-03 1.OOE.03 11.15 1.11E-02 0.011147931 0.011147931

(1) Kd value obtalned from 30 TAC 350.73(eX1XC) non-pH dependent Inorganic.

(2) Kd value obtained from 30 TAC 350.73%eXIXC); pOf dependent inorganics.
(3) Kd value obtained from 30 TAC 350.73(eX1XA). Loamy soils wivh pH ranging between 5 and S.
(43 Kd value obtained from Table 8-2. Overview of CSST Procedures ko the Derivation d Soil Ouay Utatris Standards for
Contamirated Sites. Risk Assessment Unit. Environmentat Protection Department. Government of Btish Columbia. dated 31
(S) Kd value obtained from 1CEO ChemicaYPhysical Table updated March31. 2003. No pl1 specibc values are known to be avaable br FIs constituenL

WCSiFINALN03063WFEEWA1. APPt.CATUOM
ATrACHMENT V11T040209 TADLES e64 - 66-10
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TABLE 6.6-9
WASTE CONTROL SPECIALISTS LLC

CONCENTRATION/MOBILITY RANKING BASED ON MAXIMUM LEACHATE CONCENTRATIONS

Ranking - Soil pH 6.0
Calculated Ksw (mgsL- Maximum

METAL water I lmgkg-soiQ) Soil Leachate Concentration
pH 6.0 Concentration Ksw

senic __ 3.68E-02 231 8.50E+00

Nickel 2.62E-02 216 5.66E+00

Cadmium 2.69E-02 113 3.04E+00

elenium 1.09E-01 17.1 1.86E+00

Barium 3.31E-02 35.6 1.18E+00

Cobalt 2.21E-02 47 1.04E+00

Copper 1126E-03 228 2.87E-01

Lead 1.67E-03 40.2 6.73E-02

Mercury 2.38E-01 027 6.42E-02

Vanadium 1.00E-03 18.7 1.87E-02

Ranking - Soil pH 7.0
Calculated Ksw (mgtL- Maximum

METAL water I mg/kg-soll) Soil Leachate Concentration
pH 7.0 Concentration Ksw

rsenic 3A43E-02 231 7.914854329

Selenium 2.39E-01 17.1 4.085407725

Nickel 1.13E-02 216 2.449378692

Cobalt 2.21E-02 47 1.040153724

drnum 9.08E-03 113 1.02554209

Barium 2.37E-02 35.6 0.843889283

Lead 1.67E-03 40.2 0.067315753

anadiun 1.OOE-03 18.7 0.018696529

Copper 6.31 E-05 228 0.014385597

Mercury 1 22E-02 0.27 0.003284452

Ranking - Soil pH 8.0

Calculated Ksw (mgfL- Maximum
METAL water I mg/g-soll) Soil Leachate Concentration

pH 8.0 Concentration Ksw

ereiur 4.58E-01 17.1 7.823835616

senic 3.21E-02 231 7A07258065

221E-02 47 1.040153724

Bau r 1.92E-02 35.6 0.682180149

5ckel 5.26E-04 216 0.113673105

ead 1 .67E-03 40.2 0.067315753

drnur 2.33E-04 113 0.026277935

anadium 1.00E-03 18.7 0.018696529

per 3.98E-05 228 0.009076727

Mercury 4.99E-03 0.27 0.001348614

WCSTFIALO3O63\flENEWAL.APP.CA11OM
ATrADMAEur viTo4o2osL3ALEs 6.64 - &&O XiaS
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TABLE 6.6-10
WASTE CONTROL SPECIALISTS LLC

CONCENTRATIONIMOBILITY RANKING BASED ON AVERAGE LEACHATE CONCENTRATIONS

Ranking - Soil pH 6.0

Calculated Ksw (mg/iL- Average
METAL waterw mg/kg-soil) Soil Leachate Concentration *

pH A0 Concentration Ksw

Arsenic 3.68E-02 137.575 5.06E+00

pickei 2.62E-02 126.325 3.31 E+00

Barium 3.31 E-02 33.975 1.13E+00

elenium 1.09E-01 9.9 1.08E+00

urnm 2.69E-02 _ 30.125 8.10E-01

Ii 2.21 E-02 27 5.98E-01
r 1.26E-03 80.525 1.01E-01

ead 1.67E-03 27.225 4.56E-02
p~ercuy __ 2.38E-01 0.17 4.04E-02

ana iium 1.00E-03 11.15 . 1.11E-02

Ranking - Soil pH 7.0

Calculated Ksw (mg/L- Average
METAL water I mg/kg-soil) Soil Leachate Concentration'

|_|___ pH 7.0 Concentration Ksw
seric 3.43E-02 137.575 4.713792573

lonium 2.39E-01 9.9 2.365236052
ickel 1.13E-02 126.325 1.432489645
riur 2.37E-02 33.975 0.8053690S6

balt 2.21 E-02 27 0.597535118
mium 9.08E-03 30.125 0.273402261

ead 1.67E-03 27.225 0.04558884
anadium 1.OOE-03 11.15 0.011147931

Copper 6.31 E-05 80.525 0.005080703
ercury 1.22E-02 0.17 0.002067988

Ranking - Soil pH 8.0

Calculated Ksw (mg/L- Average
METAL water Imglkg-sol) Soil Leachate Concentration

pH 8o I Concentration | Ksw
lenium 4.58E-01 9.9 4.529589041

ic 3.21E-02 137.575 4.411487135
urn 1.92E-02 33.975 0.651041308

obalt 2.21 E-02 27 0.597535118

Tickel 5.26E-04 126.325 0.066480347

-ead 1.67E-03 27.225 0.04558884

lanadium 1.00E-03 11.15 0.011147931
3ditxn 2.33E-04 30.125 0.007005512

er3.98E-05 80.525 0.003205717

ercury 4.99E-03 0.17 0.000849128
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TABLE 6.6-11
WASTE CONTROL SPECIALISTS LLC

ORGANIC CONSTITUENTS DETECTED IN LANDFILL LEACHATE

Coneentratlon. nrh
Composite Samples Individual Cell Samples (March 2002) Log Kow

, . . . . .

Solubility
(mg/L)01 02 0202 I 0302 A I B f C | D

_____________ssi >+-- i i __ ________ t; 4 -' _____'___ _________ ___',_______-_____" X i;

Acetone 14 B 22 13 14 c10 e10 c10 -0.235 600.000
Benzene c1.0 <1.0 0.64 J e1.0 e1.0 e1.0 c1.0 1,99 1.770
Carbon Disulifde 0.73 J 3.3 0.71 J c1.0 2 2.6 c1.0 1.94 2.300
1.4 Dloxane (U NA NA NA c200 780 <200 c200 *0.32 900.000
Toluene 1.7 <1.0 41.0 41.0 .1.0 (1.0 c1.0 2.54 530
Chloroform c1.0 0.29 J 0.82 J c1.0 c1.0 c1.0 .c1.0 1.52 7.920
Napthalene NA NA NA e1.0 1.3 e1.0 c1,0 3.17 31.4
Vinyl Chloride (1.0 c1.0 0.86 J <1.0 c1.0 . 1.0 c1.0 1.62 2,760

Q rennajij~~ ~ * .: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Bis(2-ethlyhexyl)phthlate 7.3 J 100 (10 (10 46 (10 <10 2.65 1,080
Phenol (10 68 3.6 J (10 <10 (10 <10 1.51 87,000
4-Chloro-3-Methlyphenol (10 (10 5.5J c10 (10 (10 <10 2.99 5,430
1,4 Dioxane (1) c10 120 (10 NA NA NA NA *0.32 900,000
Ethylene glycol 2) e25 7.4 J (25 NA NA NA NA -1.2 1,000.000

Methyl parathIon c0.5 0.12 J (0.5 NA NA NA NA 2.75 50
2,4-D (4.0 <4.0 1.1 J NA NA NA NA 2.62 890
4,4-DDE 0.011 J. COL <0.050 <0.050 NA NA NA NA 6 0.065
2,4,5-TP (Silvex) 0.035 J. COL (1.0 (11.0 NA NA NA NA 3.68 140

Arochlor 1248 ___ NA NA NA (1.0 <1.0 2.9 c1.0 6.3 0.0555
Arochlor 1254 NA (1.0 (1.0 1.3 (1.0 6.3 0.0555

NA = Not Analyzed
1 .4-Dloxane was reported using Method 8260 (for volatile organics) for the special leachate sampling event conducted in March 2002. For the routine
leachate monitoring, the analytical laboratory reported 1 ,4-Dioxane using Method 8270 (for semi-volatile organics).

2 Ethylene glycol Is analyzed for the routine leachate monitoring using Method 8015. All other detected semi-volatile organics are analyzed using Method 8270.
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TABLE 6.6-12
WASTE CONTROL SPECIALISTS LLC

PROPOSED DETECTION MONITORING PARAMETERS

Proposed Monitoring Parameter I Analytical Method

Arsenic

Cadmium

Nickel

Selenium

Volatile Organic Constituents:

acetone
benzene
bromoform
carbon disulfide
carbon tetrachloride
chlorobenzene
chlorodibromomethane
chloroethane
chloroform
dichlorobromomethane
1,1 -dichloroethane
1,2-dichloroethane
1,1 -dichloroethylene
1,2-dtchloropropane
cis-1,3-dichloropropylene
trans-1,3-dichloropropylene
ethylbenzene
methyl bromide
methyl chloride
1,1,2,2-tetrachloroethane
tetrachloroethylene
toluene
1 ,2-trans-dichloroethylene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene
vinyl chloride

Semi-volatile Organic Constituents:

phenol
1,4-dioxane

SW-846 6010/EPA Method 200.7

SW-846 6010/EPA Method 200.7

SW-846 6010/EPA Method 200.7

SW-846 6010/EPA Method 200.7

SW-846 8260/EPA Method 624
(for all volatile organic parameters)

SW-846 8270/EPA Method 625
(for all semi-volatile parameters)

WASTE CONTROL SPECIALISTSVFINALY3063%RENEWAL APPLICA1TONE
ATTACHMENT VtT040209§TABLE 6.6-12
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