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Executive Summary

Environmental contamination was identified at U.S. Air Force Plant No. 4 (Plant 4)
through site investigations conducted by the U.S. Air Force (USAF) during the 1980s.
As a result, Plant 4 was placed on the U.S. Environmental Protection Agency’s (EPA)
National Priorities List in August 1990. Pursuant to the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended by the Superfund
Amendments and Reauthorization Act (SARA), the USAF, EPA Region VI, and the
Texas Natural Resources Conservation Commission (TNRCC) formerly known as Texas
Water Commission (TWC) entered into a Federal Facility Agreement (FFA) in
November 1990, to address environmental impacts from past practices at Plant 4. Rust
Geotech (Geotech), formerly known as Chem-Nuclear Geotech, Inc., operating
contractor for the U.S. Department of Energy Grand Junction Projects Office
(DOE-GIJPO), through a Memorandum of Agreement between the U.S. Air Force and
the U.S. Department of Energy (DOE), prepared a Preliminary Assessment/Site
Inspection (PA/SI) and Remedial Investigation/Feasibility Study (RI/FS) Work Plan
that was approved in October 1990.

This report summarizes the RI/PA/SI activities undertaken in accordance with the Work
Plan (UNC Geotech 1990) and presents RI/PA/SI results. The purpose of the PA/SI
activities was to delineate possible contaminant source areas beneath the Assembly
Building/Parts Plant and investigate the locations of previously removed underground
storage tanks. The purpose of the RI activities was to characterize the nature and extent
of contamination at Plant 4 and to assess the potential risk to human health and the
environment associated with the contamination. The results of the RI and the risk
assessment provide the basis for an assessment of appropriate remedial actions that will
be presented in a Feasibility Study (FS) report.

Plant 4 is an aircraft manufacturing facility located in Tarrant County, Texas, 7 miles
northwest of the city of Fort Worth. The plant is bounded by Lake Worth on the north,
Carswell Air Force Base (CAFB) on the east, the community of White Settlement on the
south and west, and the city of Fort Worth on the west. The facility occupies 602 acres
and employs approximately 19,200 people. The facility has been in operation since 1942
and currently produces F-16 aircraft, radar units, and various aircraft and missile
components.

Historically, the manufacturing processes at Plant 4 have generated an estimated 5,500 to
6,000 tons of waste oils, fuels, solvents, paint residues, and spent process chemicals per
year. These wastes were disposed on site by burial in landfills, burning, or discharge into
pits or the sanitary sewer system. A waste treatment plant was constructed in the early
1970s to treat the process chemical solutions, rinse waters and other waste waters, and
solvents. Some wastes, such as paint residues and process cyanide solutions, were later
disposed off site by a contractor, while waste oils and fuels continued to be disposed in
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on-site landfills or burned during fire training exercises. In the late 1970s, the burning of
fuels for fire training exercises was phased out and all waste oils and recoverable
solvents have since been disposed off-site by a contractor. Currently, through waste
minimization techniques, the off-site disposal of wastes is less than 2,500 tons per year.

A search of historical records performed by CH2M Hill, Inc., in 1984 identified

20 hazardous spill and waste disposal sites at Plant 4. Subsequent investigations
identified 11 additional sites (Table ES-1). Based on previous investigations, seven of
these 31 sites require no further action, and decision documents have been generated.
One additional site also falls into this category but the documentation has not been
prepared. The 23 remaining sites include industrial processing areas, fuel storage areas,
landfills, known chemical and fuel spills, chemical disposal pits, fire training areas, an
interim remedial action location, and the Assembly Building/Parts Plant (Figure ES-1).
On Figure ES-1, underground storage tanks (USTs) No. 19 and No. 24B and the French
Drain are shown but are not listed as separate sites. The French Drain is located
between Landfills No. 1 and No. 3. All RI/FS geographical information is shown in
Plate 1. Although previous studies had identified contaminants at each of the sites, the
extent and nature of the contamination had not been fully assessed. Remedial actions
were implemented at some sites, but no investigations were previously performed tc
assess the success of these actions. It was also recognized that additional information
was needed to assess potential pathways of contaminant migration from the identified
sites.

Data collection requirements for characterizing Plant 4 are identified in the Work Plan
(UNC Geotech 1990). Site characterization activities were implemented in three phases.
Phase I included a review of the existing data and preparation of planning documents.
During Phase II, soil-gas surveys were conducted to provide initial screening of sites and
to guide subsequent surface and subsurface investigations. Phase III included drilling soil
borings; installing monitoring wells; and collecting soil, water, stream sediment, lake
sediment, air, and ecological samples for chemical analyses. The standard suite of
analyses included target compound list volatile and semivolatile organic compounds,
priority pollutant metals, total petroleum hydrocarbons, and oil and grease. Other
characterization activities included geologic and lithologic mapping, bedrock coring,
groundwater elevation measurements, and aquifer testing.

Existing data were reviewed during Phase I and used to prepare planning documents in
support of PA/SI and RI/FS activities at Plant 4. The planning documents prepared by
Geotech included the Work Plan, Sampling and Analysis Plan, Quality Assurance Project

Plan, and Health and Safety Plan. These documents were reviewed by the Aeronautical
Systems Center (ASC), EPA Region VI, and TWC and approved in October 1990.

Phase II soil-gas investigations were conducted in 1990 around the perimeter of the
Assembly Building/Parts Plant and Fuel Saturation Areas No. 1, No. 2, and No. 3. Two
analytical techniques were used to analyze soil-gas samples: gas chromatography/mass
spectrometry (gc/ms) and specific indicator detectors.
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Table ES-1 Air Force Plant 4 Investigation Sites

Title

Landfill No. 1 (Site LFO1)

Landfill No. 2 (Site LFO2)*

Landfill No. 3 (Site LF03)

Landfill No. 4 (Site LF04)

Fire Department Training Area No. 2 (Site FT0S)

Fire Department Training Area No. 3 (Site FTO6)*

Fire Department Training Area No. 4 (Site FTO7)*

Fire Department Training Area No. S (Site FT08)

Fire Department Training Area No. 6 (Site FT09)

Chrome Pit No. 1 (Site DP10)*

Chrome Pit No. 2 (Site DP11)*

Chrome Pit No. 3 (Site DP12)

Die Yard Chemical Pits (Site DP13)

Fuel Saturation Area No. 1 (Site SS14)

Fuel Saturation Area No. 2 (Site SS15)

Fuel Saturation Area No. 3 (Site SS16)

Former Fuel Storage Area (Site SS17)

Solvent Lines (Site SS18)*

Nuclear Aerospace Research Facility (Site OT19)*

Waste Water Collection Basins (Site WP20)

West Compass Rose (Site OT21)*

East Parking Lot/Flightline (Site OT22)

French Drain (Site OT23)

Jet Engine Test Stand (Site OT24)

Underground Storage Tank No. 19 (Site ST25)

Underground Storage Tank No. 20 (Site ST26)

Underground Storage Tank No. 24A (Site ST27)

Underground Storage Tank No. 24B (Site ST28)

Underground Storage Tank No. 25A (Site ST29)

Underground Storage Tank No. 30 (Site ST30)

Assembly Building/Parts Plant Perimeter

* Site is in process for no further action documentation. See Appendix K for current documentation.
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Phase III field activities began in early February 1991 and continued through

mid-May 1992. Data collected during this time period were combined with quarterly
monitoring results obtained between February 1990 and March 1991 to assess the nature
and extent of contamination at Plant 4. A total of 168 soil borings were drilled and

43 monitoring wells were installed. Thirty-eight monitoring wells were installed in the
alluvial aquifer (also referred to as the upper-zone flow system) and 5 wells were
installed in the Paluxy Formation. Four off-site locations were sampled to assess if
contaminants originating at Plant 4 were migrating across the facility boundary.

Approximately 2,500 soil samples were collected for chemical analysis from the RI soil
borings. Locations for the soil borings and wells were selected to meet the technical
data requirements for each site investigation and have a minimal effect on facility
operations.

The RI monitoring wells and five existing wells were sampled in two rounds during
September and October 1991. Analytical results of the two sampling rounds were
evaluated and compared for redundancy of data. On the basis of these evaluations, a
third sampling round was deemed unnecessary. Groundwater elevations were measured
at 199 Plant 4 monitoring wells that were accessible during the September 1991 sampling
round. Continuous water-level recorders were placed in five monitoring wells in
September 1991 and were downloaded in November 1991 and January, June, and
December 1992 at which time they were removed from the wells. Single-well aquifer
tests (slug tests) were conducted at 32 Plant 4 monitoring wells. Wells that recovered
quickly were typically tested two or three times to evaluate reproducibility of the results.

Surface-water samples were collected from 11 locations along Meandering Road Creek
(directly west of and adjacent to Plant 4) during the RI. Data from these locations were
combined with analytical results obtained for samples collected prior to the RI from an
additional six creek locations and one seep location to assess the nature and extent of
surface-water contamination in the vicinity of Plant 4. Stream-sediment samples were
also collected during the RI at seven surface-water sampling locations along the creek.

Surface-water samples were also collected from nine locations on Lake Worth. Except
for two samples, all samples were collected along the Lake Worth shoreline
corresponding to the northern boundary of Plant 4. One background sample location
was selected west of Plant 4 and north of the community of White Settlement. Lake
sediment samples were collected from 22 locations in Lake Worth: three from each of
six surface-water inlets and four from intermediate locations. Sediment samples were
also collected from the background location west of Plant 4. In addition to the standard
suite of analytes, selected samples were analyzed for polynuclear aromatic hydrocarbons,
polychlorinated biphenyls, and organochlorines (pesticides).
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One surface-water sample was collected in October 1991 from Farmers Branch, a small
tributary of the West Fork of the Trinity River that originates south of Plant 4. This
sample was obtained at the outfall of the aqueduct that conveys water under the runway
at CAFB.

Tissue samples from mosquito fish netted from five locations along Lake Worth and in
Meandering Road Creek were analyzed for polynuclear aromatic hydrocarbons,
polychlorinated biphenyls, organochlorines, and metals. One sampling location selected
as a background site was located on Live Oak Creek approximately 3 miles west of the
facility. The tissue sampling effort was conducted with the assistance of U.S. Fish and
Wildlife Service personnel.

Toxicity tests were conducted on surface-water samples collected from three locations in
creeks upgradient of Lake Worth to assess the effects of the water on living organisms.
Two sampling sites were located on Meandering Road Creek (one upgradient of the
Plant 4 facility and one downgradient of several waste disposal sites). The third
sampling site was located on Live Oak Creek and represents background lake conditions.

Air samples were collected from two locations: one at Plant 4 and the other
approximately 0.75 mile west of the facility. Sampling was conducted during a 14-week
period beginning in mid-February 1992. Samples were collected every 6 days and
analyzed for both volatile organic compounds (VOCs) and particulates.

Data collected during the RI were used, in part, to assess hydrogeologic conditions at
Plant 4. The hydrogeologic system at Plant 4 consists of three primary components:

(1) the upper-zone flow system, (2) the Walnut Formation aquitard, and (3) the Paluxy
Aquifer. The upper-zone flow system is the uppermost groundwater unit at Plant 4 and
is characterized by water-table conditions, hydraulic conductivities ranging from 10 to
10" centimeters per second (cm/sec), and a major groundwater divide extending north to
south beneath the Assembly Building/Parts Plant. The upper-zone flow system is
underlain by the shale and limestone of the Goodland Limestone and the Walnut
Formation. Recharge to the upper zone occurs as infiltration of precipitation and
leakage from water supply lines, sewer lines, and fire prevention water lines. Discharge
from the upper zone occurs as seepage to Meandering Road Creek for groundwater
flowing to the west and as baseflow to the West Fork of the Trinity River and Farmers
Branch for groundwater flowing to the east. '

Discharge from the upper zone to the Paluxy Aquifer occurs in the vicinity of the
"window area" beneath the East Parking Lot. The window area is located in the vicinity
of monitoring wells HM-86 and P-15US. The term "window area" refers to an area
where the Goodland Limestone is absent and the Walnut Formation is thin (and may be
absent) because of past deep erosion of the bedrock caused by former channels of West
Fork of the Trinity River. Elsewhere in the Plant 4 area, the aquitard formed by the
Goodland Limestone and Walnut Formation is relatively thick, commonly 30 feet or
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greater. The hydraulic conductivity of the Walnut Formation ranges from 10™' to
10”° cm/sec based on the results of triaxial-cell tests conducted on core samples.

The Paluxy Aquifer underlies the Walnut Formation and is composed of sandstone with
interbedded siltstone, claystone, and shale. This aquifer, which is approximately 160 feet
thick, is a major source of municipal water for the community of White Settlement and
elsewhere in Tarrant County. The Paluxy Aquifer is recharged by precipitation on the
formation outcrop to the west, infiltration of water from Lake Worth and Eagle
Mountain Lake, and leakage from the upper zone in the vicinity of the window area.
Leakage into the Paluxy Aquifer may also occur in the lower reaches of Meandering
Road Creek. Discharge from the Paluxy Aquifer occurs as withdrawals from pumping
wells and base flow into the western portions of Lake Worth and Eagle Mountain Lake.

Because the Paluxy Aquifer is a significant source of municipal water supplies, the
contaminant migration pathways associated with this system are of the greatest concern.
A hydraulic head map based on water-level data obtained from field measurements,
published reports, and mathematical groundwater flow simulations shows that the
regional groundwater flow direction in the Paluxy Aquifer is oriented in an easterly
direction. In the vicinity of Plant 4, local groundwater flow directions range from
southeasterly to southwesterly. These local flow directions are the result of recharge
from Lake Worth and pumping from municipal supply wells located south and west of
the facility. Local groundwater flow directions suggest that White Settlement supply
wells WS-2, WS-H3, and WS-12 are the nearest potential receptors for contamination
in the Paluxy Aquifer in the vicinity of Plant 4.

Site characterization performed at Plant 4 indicates that groundwater contamination
consists of VOCs, some semivolatile organic compounds (semi-VOCs), and inorganic
compounds. The most prevalent VOC is trichloroethene (TCE) and to a lesser extent
1,1,1-trichloroethane (TCA). Also common in the groundwater are the environmental
degradation byproducts of these compounds including cis- and trans-1,2-dichloroethene
(DCE), 1,1-DCE, and vinyl chloride. Other organic solvent compounds such as
methylene chloride; acetone; and the fuel-related compounds benzene, toluene,
ethylbenzene, and xylene were also detected in various concentrations. Semivolatile
organic compounds detected in the groundwater have included 1,2 dichlorobenzene;
1,4-dichlorobenzene; naphthalene; 2-methylnaphthalene; and 2,4-dimethylphenol.

The highest concentrations of groundwater contamination occur near source areas. TCE
concentrations approaching saturation were detected in the groundwater samples from
wells in the south central part of Plant 4, where numerous potential sources exist, and
near Fire Department Training Area No. 2 (FDTA-2). The highest concentrations of
TCE are present in the upper-zone groundwater flow system. Plumes of decreasing
concentrations of TCE, TCA, and their degradation products extend along the
groundwater flow direction in the upper zone. The East Parking Lot Plume originates at
the south-central and west-central parts of Plant 4 and extends in an easterly direction to
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beyond the property line, onto CAFB. Potential sources for the East Parking Lot Plume
include Chrome Pits No. 1, No. 2, and No. 3; the Die Yard Chemical Pits (DYCP); Fire
Department Training Area No. 5 (FDTA-5); and degreaser tanks T-534 and T-544
located within Building 181 at the eastern part of the Fuel Saturation Area No. 1
(FSA-1); and dense nonaqueous phase liquid (DNAPL) from FDTA-2. The extent and
shape of the plume is controlled by the presence of a buried paleochannel that cuts
through the Goodland Limestone and into the Walnut Formation. The West Plume
originates near Landfill No. 1 and the west part of FSA-1, and extends in a westerly
direction toward Meandering Road Creek. The FDTA-2 source area is located within,
and contributes dissolved-phase contamination to, the West Plume. Adjacent to the Jet
Engine Test Stand (JETS), the North Plume contains VOCs in excess of MCLs.

Contamination is introduced into the Paluxy Formation primarily through vertical
leakage from the upper-zone flow system in the vicinity of the East Parking Lot window
area. Samples from monitoring wells completed in the upper portion of the Paluxy
Formation in the vicinity of the window area contain relatively high concentrations (up to
2,100 pg/L) of TCE. Estimates of the volumetric flux into the Paluxy Formation range
from one to several hundred cubic feet per day. Assuming the TCE concentration in
leaking groundwater is 20,000 micrograms per liter (typical of upper zone wells in the
window area), an estimate of the mass flux is 0.00025 to 0.025 ounces per day. Because
the uppermost Paluxy Formation is variably saturated within the Plant 4 area, vertical
migration of contamination to the fully saturated portions of the Paluxy Formation is a
function of the unsaturated hydraulic conductivity. Little contamination has migrated to
the fully saturated portions of the Paluxy Formation because the unsaturated hydraulic
conductivity is relatively low.

Chromium is the most prevalent inorganic priority pollutant detected above the
maximum contaminant level (MCL) in samples from upper-zone groundwater. Limited
detections of six other priority pollutants in upper-zone groundwater (antimony, arsenic,
cadmium, lead, nickel, and thallium) slightly exceed their respective MCLs. Aluminum,
manganese, and iron frequently exceed secondary drinking water standards.

Aluminum was detected above the secondary MCL in a groundwater sample collected
from the Paluxy Formation monitoring well P-08US located in the window area of the
East Parking Lot Plume. Elevated aluminum values in this area are potentially the
result of vertical leakage from the upper-zone system. Evidence supporting this position
is provided by several nearby monitoring wells completed in the upper-zone system that
exhibit elevated aluminum concentrations.

Surface-water contamination in the vicinity of Plant 4 is primarily associated with
Meandering Road Creek. The highest contamination identified in the creek results from
elevated concentrations of VOCs. The primary VOCs of concern included TCE,
cis-1,2-DCE, 1,2-DCE, and vinyl chloride. Discharge of contaminated upper-zone
groundwater into the creek is the most likely source for VOC contamination. Lower
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concentrations of other contaminants, including one semi-VOC (4-methylphenol), total
petroleum hydrocarbons (TPH), and oil and grease, were reported as isolated
occurrences in the creek during the RI. In addition to upper-zone groundwater, other
potential sources for this contamination are surface-water runoff and storm-sewer
discharge.

The only target analyte reported in surface-water samples collected from Lake Worth
was carbon disulfide. Carbon disulfide was detected in samples obtained at three
locations along the northern boundary of Plant 4. The magnitude of the concentrations
reported and the distribution of sampling sites suggest that sources for the contamination
are probably not related but located near the points of sample collection.

One surface-water sample was collected from Farmers Branch at the outfall of the
aqueduct that conveys water under the runway at CAFB. Analytical results for this
sample indicated that no VOCs and only low concentrations of metals were present in
Farmers Branch at this location.

TCE is the most prevalent VOC in soils. Widespread occurrence of this compound, at
relatively low concentrations, is associated with saturated soils under the south end of the
Assembly Building, the East Parking Lot area, and at least as far as Runway Number
130 North. Relatively low concentrations of TCE were detected in vadose-zone soils
from the DYCP, FDTA-2, and Landfill No. 4. Relatively high concentrations of TCE
occur in vadose-zone soil samples only at two sites: Chrome Pit No. 3 and Landfill No. 3.
Other VOC:s detected less frequently but at relatively high concentrations in soils include
toluene, 2-butanone, methylene chloride, and 1-2 DCE. Some or all of these
compounds were detected at Landfills No. 1 and No. 3, the former USTs No. 19 and No.
20, and the DYCP.

TPH contamination was detected in soil samples obtained from the JETS, FSA-1, and
FSA-3, reflecting JP-4 leaks in underground fuel lines. Semi-VOCs, typically associated
with petroleum products, are characteristic of the contamination at these sites. Another
group of semi-VOCs that were detected are those typically associated with asphalt. The
highest concentrations of these semi-VOC contaminants were detected at Landfills No. 1
and No. 4.

Inorganic soil contamination is characterized by the presence of antimony, cadmium,
chromium, copper, lead, nickel, silver, and zinc at concentrations greater than the upper
range in natural background. Elevated concentrations. of these constituents appear to be
limited to Landfills No. 1, No. 3, and No. 4, and the FDTA-2.

Minimal soil contamination was detected at FSA-2 and FDTA-6, and no soil
contamination was detected at the Waste Water Collection Basin (WWCB) and Former
Fuel Storage Area. Additionally, the WWCBs were examined in June, 1991, when they
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were drained and cleaned due to a TCE release. No evidence of cracks were noted in
the concrete; however, the liner was missing over much of the WWCB’s surface area.

The results of the ambient-air monitoring program conducted at Plant 4 indicated that
plant activities are contributing measurable quantities of four VOCs to the air when
compared with the respective off-site concentrations measured. Maximum on-site
concentrations of dichlorodifluoromethane; Freon 113; 1,1,1-trichloroethane; and
trichloroethene ranged from 4 to 14 times greater than the maximum off-site
concentrations. Additionally, results of the program indicated that activities at Plant 4
do not contribute measurable quantities of particulates to the air.

A baseline risk assessment was conducted to assess the potential risks associated with
possible exposure to contaminants from Plant 4. The objectives of a baseline risk
assessment are to (1) evaluate the need for action, (2) provide a basis for assessing levels
of chemicals that can remain on site and still be adequately protective of public health,
and (3) provide a basis for comparing various remedial alternatives. The major
components of a baseline risk assessment are data collection and evaluation, exposure
assessment, toxicity assessment, and risk characterization. The risk assessment conducted
for Plant 4 was based on the EPA’s Human Health Evaluation Manual.

A total of 37 chemicals of potential concern were identified in the samples collected at
Plant 4. These chemicals were found most frequently in soils and less frequently in
groundwater, air, and surface water. The selection of chemicals of potential concern was
based primarily on their frequency of detection (excluding Class A carcinogens) and by
comparing their concentrations with background concentrations. Table ES-2 lists the
chemicals of potential concern for this risk assessment.

Table ES-2 Chemicals of Potential Concern

® Arsenic ® 12-Dichlorobenzene e Methylphenol

® Barium ® 1.4-Dichlorobenzene e Naphthalene

® Benzene ® 1 1-Dichloroethane ® Nickel

® Benzo(a)anthracene ® 1,1-Dichloroethene ® Phenanthrene

® Benzo(a)pyrene ® 2.4-Dimethylphenol ® Pyrene

® Benzo(b)fluoranthene ® Ethylbenzene ® Toluene

® Benzo(k)fluoranthene ® Fluoranthene ® 1,1,1-Trichloroethane
® Cadmium ® Freon 113 ® Trichloroethene

® Chromium ® ] ead ® 1,2 4-Trimethylbenzene
® Chrysene ® Mercury ® 1,3,5-Trimethylbenzene
® cis-1,2-Dichloroethene ® Methylene Chloride e Vinyl Chloride

® Copper ® 2-methylnaphthalene ® Zinc

The risk assessment examined both current and future exposure pathways. An exposure
pathway is considered to be complete if there is a contaminant release to the
environment, an environmental transport mechanism, a point of exposure by a receptor,
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and a route of exposure. Complete current exposure pathways include dermal contact
with contaminated surface water by residents, ingestion and dermal contact with
contaminated soil by Plant 4 personnel, and inhalation of contaminated air by Plant 4
personnel. The complete future exposure pathways are: ingestion of groundwater from
White Settlement production wells by future residents, inhalation of and dermal contact
with organic compounds in groundwater by future residents during showering, and
ingestion and dermal contact with contaminated soil by future Plant 4 personnel.

Exposure point concentrations for contaminants in soil and air were based on
concentrations measured on site. Future groundwater concentrations were estimated
using a conservative analytical groundwater transport model. A cross-media transfer
equation was used to calculate concentrations of volatile chemicals in the air during and
after showering and a simple dilution model was used to derive exposure point
concentrations in surface water.

The most significant carcinogenic risks for the exposure scenarios examined in this risk
assessment range from 1 x 10* to 1 x 10, This occurred from the future ingestion of
groundwater from White Settlement production wells and the future inhalation of
volatile compounds during showering with groundwater from White Settlement
production wells. TCE is the only chemical that contributes to this risk. Benzo(a)pyrene
is the main contributor of risk to current and future land use.

For noncarcinogens, the Hazard Index is 0.5 for current land use and 1.1 for future land
use indicating acceptable risk for current land use but unacceptable risk for future land
use. This increase in future land use risk is due to ingestion of groundwater.

The Plant 4 ecological risk assessment focused on the relatively natural areas near
Meandering Road Creek and Lake Worth. In addition, the risk assessment addressed
the aquatic community in Farmers Branch Creek.

Contaminants detected in Landfill Nos. 3 and 4 soils, Meandering Road Creek and Lake
Worth surface water, and Meandering Road Creek and Lake Worth sediments were
screened to form medium-specific lists of contaminants of potential concern (CoPCs).

Ecological receptors of potential concern (RoPCs) for Plant 4 included the largemouth
bass (Micropterus salmoides), the red-tailed hawk (Buteo jamaicensis), the red fox (Vulpes
fulva), the raccoon (Procyon lotor), terrestrial prey species (i.e. small mammals), and
aquatic prey species (i.e. benthic macroinvertebrates and small fish).

Ecological risk was characterized using a weight-of-evidence approach in which food web
model data, direct toxicity data, and toxicity test data were considered. In the food web
models and direct toxicity assessments, ecological risk was quantified by calculating

hazard quotients (HQs) such that HQ equals the measured dose or concentration divided
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by an ecotoxicological benchmark value. A hazard quotient that exceeds 1.0 indicates
potential ecological risk.

The results of the toxicity tests were inconclusive, so they were not used to quantify risk.

Hazard quotients exceeded 1.0 for mice exposed to soil, for largemouth bass exposed to
sediment, and for aquatic organisms exposed to sediments. Hazard quotients did not
exceed 1.0 for the red-tailed hawk, the red fox, or the raccoon.

To address ecological risk in Farmers Branch Creek, maximum concentrations of the
CoPCs detected in Farmers Branch Creek were compared to concentrations at which the
hazard quotient equalled 1.0 in the Meandering Road Creek model. Based on this
comparison, no hazard quotients would exceed 1.0 for fish in Farmers Branch Creek.
Therefore, it is unlikely that fish in Farmers Branch Creek are at risk from Plant 4
contaminants.

The remedial action objectives for Plant 4 were developed to address the requirements
of CERCLA as amended by SARA and are designed to decrease the potential risks to
human health and the environment from exposures to contaminants. The primary
objective, according to the Baseline Risk Assessment, is to reduce future exposure to
groundwater from White Settlement production wells that are contaminated by organic
compounds. Two secondary objectives are to reduce contaminant levels in the alluvial
groundwater and the Paluxy Aquifer and to remove groundwater contamination sources.
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1.0 Introduction

1.1 Purpose and Scope

This RI/PA/SI Report was prepared for the ASC of U.S. Air Force Systems Command,
Plant 4, located in Fort Worth, Texas. This report summarizes the results of the
RI/PA/SI performed by Rust Geotech, formerly known as Chem-Nuclear Geotech, Inc,,
operating contractor for DOE-GJPO. This report provides data and information
necessary to determine the most appropriate method of cleanup for 31 Installation
Restoration Program (IRP) sites at Plant 4.

Geotech conducted the RI/PA/SI under a Memorandum of Agreement between the
USAF and DOE following placement of Plant 4 on the National Priorities List in August
1990. The RI/PA/SI was performed in accordance with CERCLA and SARA, the
primary pieces of legislation governing remedial action at past hazardous waste disposal
sites.

This report includes (1) a description of all field investigation activities and resulting
data on the nature and extent of contamination, (2) evaluations of contaminant fate and
transport, (3) a baseline risk assessment, and (4) conclusions. A second report currently
in progress, the FS, will provide a detailed analysis of remedial action alternatives for
cleanup of the Plant 4 sites.

The RI/FS process is designed to ensure that hazardous and/or toxic waste sites are
identified, characterized, and remedial actions implemented in a timely and cost-effective
manner. The ultimate objective of the RI/FS process is to evaluate and determine the
remedial actions that, when implemented, will provide adequate public health and
environmental protection.

Past waste disposal or spill sites at Plant 4 investigated under the IRP and/or subsequent
RI/PA/SI studies are shown in Plates 1 and 2. Sites included landfills, fire department
training areas, chemical disposal pits, areas of past fuel and chemical spills, and leaking
underground storage tank areas.

Following an extensive review of data generated during previous investigations, a PA/SI
and RI/FS Work Plan was developed and approved by the EPA and the TNRCC. The
objectives of the plan were to (1) determine the lateral and vertical extent of
contamination at each site; (2) identify the "pathways" or mechanisms through which
contamination might affect humans or the natural environment; (3) assess the risk or
harm to health, safety, public welfare, and the environment from the current conditions
at Plant 4; (4) develop, screen, and evaluate a range of alternatives to reduce or
eliminate the possible effects of contamination on humans or the natural environment at
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Plant 4; (5) assess the human and environmental impacts of the remedial action
alternatives for each site; and (6) prepare "No Further Action" decision documents for
those sites where the data indicate that the site does not pose a threat to humans or the
natural environment. The plan was approved in August 1990 and field data collection
was performed during 1990 and 1991.

1.2 Site Background
1.2.1 Site Description
1.2.1.1 Location

The Plant 4 facility is located in Tarrant County, Texas, 7 miles northwest of the city of
Fort Worth (see Figure 1.2.1-1). Plant 4 is bounded on the north by Lake Worth, on
the east by CAFB, on the west by the city of Fort Worth, and on the south and west by
the city of White Settlement.

1.2.1.2 Industrial Setting

Plant 4 occupies 602 acres and employs approximately 19,200 people in various positions
pertaining to aircraft manufacturing and associated processes. The current work force is
down from the 1989 maximum of approximately 31,500 employees.

Naval Air Station Fort Worth, formerly known as Carswell Air Force Base (CAFB) and
hereafter referred to as CAFB in this report, lies directly adjacent to Plant 4 on the east.
CAFB occupies about 2,800 acres and is currently on the base realignment and closure
list. ' When the base was active it employed approximately 1,200 military personnel and
300 civilians. :

1.2.1.3 Environmental Setting

Plant 4 and the surrounding areas to the south and east are highly urbanized and,
consequently, do not contain natural vegetation for wildlife. Approximately 70 percent
of the Plant 4 surface area is covered by buildings, concrete, or asphalt. The remaining
30 percent of the surface area is primarily grass-covered soils located on the radar range,
Landfills No. 3 and No. 4, along Meandering Road Creek, and along the shores of Lake
Worth. The area to the west-northwest of Plant 4 contains primarily residential lots with
an abundance of natural vegetation. Lake Worth, located north of Plant 4, provides
recreational boating, fishing, and water skiing. The lake also provides municipal water to
the city of Fort Worth and is a recharge source to the underlying Paluxy Aquifer that
provides municipal water to the city of White Settlement.
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122 Site History

Plant 4 became operational in 1942 when Consolidated Aircraft began manufacturing the
B-24 bomber for national defense during World War II. In 1953, General Dynamics
(GD) took over operation of the manufacturing facility. Since 1953, Plant 4 has
produced B-36, B-58, and F-111 aircraft, and currently produces F-16 aircraft. In
addition to F-16 aircraft, Plant 4 produces spare parts, radar units, and missile
components. On March 1, 1993, Lockheed, Fort Worth Company, took over operations
of Plant 4 as a successor to GD.

Manufacturing operations at Plant 4 have resulted in the generation of various hazardous
wastes that include waste oils, fuels, spent solvents, paint residues, and spent process
chemicals. Throughout most of the plant’s history, waste oil, solvents, and fuels were
disposed at on-site landfills or were burned during fire training exercises. Chemical
wastes were initially discharged to the sanitary sewer system and treated by the city of
Fort Worth’s treatment system. In the 1970s, chemical process wastes were treated on
site at a newly constructed chemical waste treatment system prior to being discharged to
the sanitary sewer system. Currently, waste oils and solvents are disposed by a
contractor, and burning of these wastes has been discontinued. Chemical wastes
continue to be treated on site.

1.2.3 Previous Investigations

Potential contamination at Plant 4 was first noted by a private citizen in September 1982.
- GD was notified and took immediate action. The source of the observed contamination

was thought to be leachate from a landfill. In October 1982, GD began construction of
French Drain Number 1 to prevent migration of contaminated groundwater toward
Meandering Road Creek and divert the flow of surface water from the outfall where the
contamination was first noted.

In November 1982, ASC (formerly Aeronautical Systems Division [ASD]}), through GD,
retained Hargis & Montgomery, Inc., to investigate the potential for groundwater
contamination at Plant 4. Hargis & Montgomery and later Hargis + Associates, Inc.,
drilled approximately 260 soil borings, of which approximately 160 were constructed as
monitoring wells. Results of these investigations are contained within several reports
(Hargis & Montgomery 1983; Hargis + Associates 1985a-c, 1987a-b, 1988a-b).

The IRP for Plant 4 was initiated in March 1984 when CH2M Hill, Inc., conducted
a Phase I Records Search (CH2M Hill 1984). CH2M Hill ranked 20 identified
disposal sites in August 1984 according to the USAF Hazard Assessment Rating
Methodology (HARM).

DOE/Grand Junction Projects Office Remedial Investigation Report
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The Army Corps of Engineers (Corps) was retained in June 1985 to further delineate
groundwater conditions along the southern base boundary and the East Parking Lot area
of Plant 4. The Corps drilled 28 soil borings and constructed six monitoring wells

(U.S. Army Corps of Engineers 1986).

Radian Corporation (Radian) was retained in September 1985 to perform the Phase II,
Stage I, Confirmation/Quantification of the IRP. Radian drilled 26 soil borings and
constructed 14 groundwater monitoring wells. Additional work included a confirmation
sampling round of all existing monitoring wells. A summary report of field investigations
performed during the IRP Phase II, Stage 1, Confirmation/Quantification studies was
prepared (Radian Corporation 1987).

In December 1985, Intellus Corporation was contracted to conduct an IRP Phase IV
Remedial Action Plan for 10 potential disposal sites and a Phase IV-A Remedial Action
Plan and Phase IV-B Design and Construction for Fuel Saturation Areas Numbers 1
and 3. In support of these tasks, Intellus Corporation drilled 36 soil borings and
constructed 24 groundwater monitoring wells (Intellus Corporation 1986a-b and 1987).

A Technical Review Committee (TRC) for Plant 4 was established in 1983. The TRC
consists of representatives from the EPA Region VI; the TWC; the city of Fort Worth;
the city of White Settlement; the USAF; the Corps; and Lockheed. Periodic TRC
meetings have been held since 1983 to keep the local authorities and the community
informed of Remedial Investigations at Plant 4.

1.3 Report Organization

This report summarizes the results of Preliminary Assessment/Site Inspection and
Remedial Investigation studies performed by the DOE-GJPO at Plant 4 and
incorporates the results of previous IRP investigations, where appropriate, to provide a
basis for remedial decisions under the CERCLA of 1980. This report generally follows
the format suggested in the EPA’s Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA, October 1988.

DOE/Grand Junction Projects Office Remedial Investigation Report
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2.0 Field Investigations

2.1 General Investigation Methods

The investigation for the PA/SI and RI/FS was based on the findings and
recommendations of previous investigations conducted by Hargis & Montgomery,
Hargis + Associates, the Corps, Intellus Corporation, and Radian Corporation. A work
plan (UNC Geotech 1990) was prepared that detailed the recommendations and decision
rationale for conducting fieldwork, performing a risk assessment, developing potential
remedial responses, and determining data quality objectives. A Final Sampling and
Analysis Plan, a Final Health and Safety Plan, and a Final Quality Assurance Plan were
also prepared for Plant 4 in August 1990 to provide guidance for the field investigation.
Table 2.1-1 presents a summary of previous environmental investigations at Plant 4.
Plate 3 presents locations of soil borings and monitoring wells established during
previous investigations.

The sections that follow describe field investigation activities for areas at Plant 4 known
or suspected to contain hazardous contamination that required additional information on
the type and extent of contaminants. Figure 2.1-1 shows the investigated sites. Plate 1
shows all sites which include:

Landfill No. 1 (Site LFO01)

Landfill No. 2 (Site LF02)*

Landfill No. 3 (Site LF03)

Landfill No. 4 (Site LF04)

Fire Department Training Area No. 2 (Site FT05)

Fire Department Training Area No. 3 (Site FT06)*
Fire Department Training Area No. 4 (Site FT07)*
Fire Department Training Area No. 5 (Site FT08)

Fire Department Training Area No. 6 (Site FT(09)

Chrome Pit No. 1 (Site DP10)*

Chrome Pit No. 2 (Site DP11)*

Chrome Pit No. 3 (Site DP12)

Die Yard Chemical Pits (Site DP13)

Fuel Saturation Area No. 1 (Site SS14)

Fuel Saturation Area No. 2 (Site SS15)

Fuel Saturation Area No. 3 (Site SS16)

Former Fuel Storage Site (Site SS17)

Solvent Lines (Site SS18)*

Nuclear Aerospace Research Facility (Site OT19)*
Waste Water Collection Basins (Site WP20)

West Compass Rose (Site OT21)*

DOE/Grand Junction Projects Office Remedial Investigation Report
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East Parking Lot/Flightline (Site OT22)
French Drain (Site OT23)
Jet Engine Test Stand (Site OT24)
Underground Storage Tank No. 19 (Site ST25)
Underground Storage Tank No. 20 (Site ST26)
Underground Storage Tank No. 24A (Site ST27)
Underground Storage Tank No. 24B (Site ST28)
Underground Storage Tank No. 25A (Site ST29)
Underground Storage Tank No. 30 (Site ST30)
Assembly Building/Parts Plant Perimeter

* Site is in process for no further action documentation. See Appendix N for current documentation.

Additional figures and tables are included that show the sampling locations, sample
numbers, and analyses performed. Sections describing general methods, sample
handling, data, and document management precede discussions of specific sampling sites.

Results of the field investigation were used in the evaluation of (1) the presence or
absence and relative concentrations of contaminants at the waste sites, (2) the vertical
and lateral extent of contamination, and (3) the potential pathways for the migration of
contaminants within the environment. Results of prior investigations were used to aid in
the evaluation of current site conditions if the data were acceptable. When prior data
were used, the data source was specified in the Section 4 site evaluation.

2.1.1 Soil-Gas Survey

Soil-gas surveys were conducted at four sites: the Assembly Building/Parts Plant and the
three Fuel Saturation Areas (FSAs). Samples were collected from a nominal depth of
4 feet using hollow, stainless steel drive rods and drive points. Soil-gas measurements
were made initially using a calibrated Photovac TIP II photoionization detector to
determine the presence of VOCs. A sorbent tube was attached to the drive rod and a
low-volume sampling pump was used to pull a measured volume of soil gas through the
sorbent tube. Sorbent tubes were analyzed by the Geotech laboratory by thermal
desorption into a GC/MS. Colorimetric indicator detectors were used to measure TPH
at the FSAs. Colorimetric detectors were also used at selected locations to detect
possible VOCs such as benzene or vinyl chloride. Sorbent tubes were also used at each
FSA to collect representative samples for laboratory VOC analysis.

Each location selected for soil-gas sampling was checked against Plant 4 underground
utility maps, approved by GD Facility Engineering personnel, and then verified by
Geotech utility locators with instruments. Locations were selected on the basis of
meeting the data quality objectives while having a minimal impact on daily plant
operations.

DOE/Grand Junction Projects Office Remedial Investigation Report
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Table 2.1-1 Prior Investigations at Plant 4

Prior Investigation

"Die Yard Chemical Pits

Phase I Investigation, Drilling and Construction of Upper Zone Test Holes
and Monitoring Wells, Hargis & Montgomery, January 31, 1983

Test Holes TH-1 through TH-8

Phase I Investigation of Subsurface Conditions at Plant 4, Hargis &
Montgomery, February 3, 1983

Monitoring Wells HM-3a, HM-3b, HM-4a,
HM-4b, Test Hole TH-3

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wells HM-12, HM-24, HM-25,
HM-28

Ten-Site Ficld Investigation, Plant 4, Intellus Corporation, November 1986 Soil Borings FB-9, FB-10
Monitoring Well F-221
Construction Site Assessment for the Die Yard Zone, Intellus Corporation,
January 1987
Prior Investigation FSA-1

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wells HM-53, 1IM-55, Paluxy
Wells P-6U, P-6M

IRP Phase 11 Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Soil Boring SB4

Draft Remedial Action Plan and Conceptual Documents for Fuel Saturation
Areas Nos. 1 and 3, Intellus Corporation, July 1986

Monitoring Wells F-203, F-204, F-206, F-207,
F-211

Prior Investigation

FSA-2

Phase II Invcstigation of Subsurfacc Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Well HIM-80

Ten-Site Investigation Plant 4, Intellus Corporation, November 1986

FB-4, Soil Boring inside fence near HM-80,
Monitoring Well F-212

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Soil Borings SB-1, SB-2, SB-3

Prior Investigation

"FSA-3

Phase 11 Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wcll HM-78

Draft Remedial Action Plan and Conceptual Documents for Fuel Saturation
Areas Nos. 1 and 3, Intellus Corporation, July 1986

Monitoring Wells F-200, F-201, F-202, F-208,
F-210, F-222, F-223 (not documented)

IRP Phase 1I Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Evaluation of Condenser Water Pipeline and Remedial Measures, Fuel
Saturation Area No. 3, Hargis + Associates, July 15, 1988

Temporary Monitoring Wells FSA 3-1 to
FSA 3-12 (FSA 3-5 and FSA 3-9 were soil
borings)

Summary of Interim Remedial Investigations, January 1987 to April 1989,
Plant 4, Hargis + Associates, July 19,1989

Analysis of USTs at Plant 4, Forth Worth, TX, Vol 111, Hargis + Associates,
June 2, 1989

UST 25A, UST 30

Final Draft Work Plan RI/FS Plant 4, Hargis Volume II, Appendices C-1,
January 31, 1989

F-222 and F-223 discussed

‘Prior Investigation = -

s ”':: % FDTA-Z

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +

Associates, September 15, 1985

HM-51, HM-66

Ten-Site Ficld Investigation, Plant 4, Intellus Corporation, November 1986

Install F-213; Test Boring FB-7

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Terrain Conductivity Survey

DOE/Grand Junction Projects Office
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Table 2.1-1 (continued) Prior Investigations at Plant 4

-z Prior Investigation’:

. FDTA

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Well HM-25 (Also with DYCP)

Construction Site Assessment for the Die Yard Zone, Intellus Corporation,
January 1987

Ten-Site Field Investigation, Plant 4, Intelius Corporation, November 1986

Install F-221

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Soil Borings SB-5

Prior Investigation

FDTA-6

Phase 1 Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

Test Hole 26, Paluxy Well P-3

Ten-Site Field Investigation, Plant 4, Intellus Corporation, November 1986

Test Borings FB-1, FB-2, FB-3

IRP Phase 11 Confirmation/Quantification Stage 1, Radian Corporation,
December 1987

Hand Auger 6 Test Holes, HA-1 to HA-6

Prior Investigation’

Chrome Pit No. 3

Phase I Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

Monitoring Well HM-1

Phase 11 Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wells HM-15, HM-16, HM-17,
HM-30; Paluxy Well P-2

Ten-Site Firld Investigation, Plant 4, Intellus Corporation, November 1986

Soil Boring FB-8, Monitoring Well F-222

11 Soil Borings, X-1 through X-11

Collection and Analysis of Soil Samples, Versar, Inc., January 20, 1990

Prior Investigation

Former Fuel Storage Area

Phase I Investigation, Drilling and Construction of Test Holes and
Monitoring Wells, Hargis & Montgomery, January 31, 1983

Test Hole TH-9

Phase I Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

Monitoring Well HM-8

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Monitoring Well HM-100

Prior Investigation .~

. Jet Engine Test Stand

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Well HM-81

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Monitoring Wells HM-105, HM-107, HM-108;
Soil Borings SB-9, SB-10

Prior Investigation . - ol

“iLandfill' Noji1

Assess Subsurface Conditions, General Dynamics Corporation, November
1982, No Report

Test Holes GDC-1 and GDC-3 through GDC-
11

Phase I Investigation, Drilling, and Construction of Test Holes and
Monitoring Wells, Hargis & Montgomery, January 31, 1983

Test Holes TH-10 and TH-20 through TH-25

Phase I Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

Monitoring Wells HM-6, HM-7, HM-10

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Drainpipe—1982; French Drain 1~ November
1982; French Drain 2— August 1983,
Monitoring Wells HM-18, HM-19, HM-49,
HM-50, HM-62; Paluxy Welis P4, P-7U, P-TM

Ten-Site Field Investigation, Plant 4, Intelius Corporation, November 1986

2 Monitoring Wells - September 1986; F-216,
F-127

DOE/Grand Junction Projects Office
September 1995
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Table 2.1-1 (continued) Prior Investigations at Plant 4

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

1 Paluxy Well, Creek Sampling, 5 locations

Prior lnvestigation

Landfill No. 2

Phase I Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

Monitoring Well 1IM-2

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wells HM-42, HM-43, HM-46

IRP Phase 11 Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Paluxy Well P-21U
Geophysical Survey - Conductivity

Prior Investigation

Landfill No. 3

Assess Subsurface Conditions, General Dynamics Corporation, November
1982, No Report

Test Holes GDC-2, GDC-12, GDC-13

Phase I Investigation, Drilling and Construction of Test Holes and
Monitoring Wells, Hargis & Montgomery, January 31, 1983

Test Holes TH-11 through TH-19 (suspected
Burn Pit)

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wells HM-21, HM-26, HM-27,
HM-34, HM-35, HM-36, HM-37, HM-38,
HM-39; Paluxy Well P-10U, P-10M

Ten-Site Field Investigation, Plant 4, Intellus Corporation, November 1986

2 Test Holes, FB-11, 12; 1 Monitoring Well,
F-214

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

1 Paluxy Well P-22U; Geophysical Survey -
Conductivity

Summary of Interim Remedial Investigations, January 1987 to April 1989,
Hargis + Associates, July 19, 1989

3 Paluxy Wells P-22M, P-24U & P-24M

Prior Investigation

Landfill No. 4

Phase I Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

2 Monitoring Wells, HM-5, HM-9

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Paluxy Well P-20M, Monitoring Well HM-101

Prior Investigation

East Parking Lot

Drilling of Miscellaneous Test }Holes, Foundation Tests, etc.. Prior to
Hargis Phase I (See Hargis Phase I, Appendix III)

Foundation Test Borings SL4 through SL.-26
and SL41 through SL47 for Enginecring
Building; SL-38, SL-39, SL40 for Building 189

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Well HM-67, HM-68, HM-82

Investigation of Groundwater Pollution at Plant 4, U.S. Army Corps of
Engineers, October 1986

28 Soil Borings in East Parking Lot

Summary of Interim Remedial Investigations, January 1987 to April 1989
Plant 4, Hargis + Associates, July 19, 1989

Soil Borings RSB-1 to RSB-15; Monitoring
Wells HM-87 to HM-97 (October 1987); Soil
Gas Survey, Seismic Survey; Soil Borings
RSB-16 to RSB-33; Monitoring Wells HM-98,
HM-99, HM-110 to HM-113, March 1988; Soil
Borings RSB-34 to RSB-66 (December 1988);
Monitoring Wells HM-114 to HM-127
(Jan./Feb. 1989); Paluxy Well P-8US, P-8UN
(July 1987), P-11US, P-13US (Aug. 1987),
P-15US, P-15U, P-16US, P-17US (Aug. 1987),
P-18US, P-19US (March 1988)
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Table 2.1-1 (continued) Prior Investigations at Plant 4

Prior Investigation

Waste Water Collection Basins

Phase 11 Investigation of Subsurface Contamination at Plant 4, I1argis +
Associates, September 25, 1985

Monitoring Well HM-47

Ten-Site Ficld Investigation, Plant 4, Intcllus Corporation, November 1986

Soil Borings FB-S, FB-6 (CP-2)

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Monitoring Well HM-104

Prior Investigation

Assembly Building/Parts Plant

Drilling of Miscellancous Test Holes, Foundation Tests, etc., Prior to
Hargis Phase I (See Hargis Phase I, Appendix III)

Foundation Tests 1942 to 1952; Austin Co.
AC-1, AC4, ACS5, AC6, AC-12, AC-14,
AC-15, AC-16, AC-17; Foundation Tests 1964
to 1967; Southwest Labs SL-27 to SL-37 -
Materials Storage Building

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

Monitoring Wells HM-31, HM-47, HM-48;
HM-52, HM-55, HM-56, HM-57, HM-58,
HM-59, HM-64, HM-69, HM-70; Paluxy
Monitoring Wells P-5U, P-5M, P-6U, P-6M,
P-9U, P-9M; Paluxy Wells P-12U, P-12M

Ten-Site Field Investigation, Plant 4, Intellus Corporation, November 1986

2 Soil Borings FB-5, FB-6; 2 Monitoring Wells
F-218, F-219

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

2 Monitoring Wells, HM-103, HM-104

Summary of Interim Remedial Investigations, January 1987 to April 1989
Plant 4, Hargis + Associates, July 1989

6 New Paluxy Completions, Paluxy Wells
P-5UN, P-9UN, P-US, P-9US, P-12US, P-U,
P-9U, P-12U; Abandoned P-12UN

Prior Investigation

UST (Removed)

Analysis of USTs at Plant 4, Forth Worth, TX, Vol 111, llargis +
Associates, June 2, 1989

Description of Tank Status

Prior Investigation

Background Activities

Phase I Investigation of Subsurface Contamination at Plant 4, Hargis &
Montgomery, February 3, 1983

EPA Wells 1, 2, 3, 4, May 31 to June 2, 1983,
Hargis, 1983b

Phase II Investigation of Subsurface Contamination at Plant 4, Hargis +
Associates, September 25, 1985

IRP Phase II Confirmation/Quantification Stage I, Radian Corporation,
December 1987

Paluxy Well P-23U

Prior Investigation

Other Areas

Results of Soil and Groundwater Assessment for the Proposed Systems
Development Laboratory and Anechoic Chamber Buildings, Hargis +
Associates, Inc., December 16, 1985

3 Monitoring Wells, HM-83, HM-84, HM-85
(near West Compass Rose); 24 Soil Borings,
SB-1 through SB-24

Environmental Assessment, Advanced Materials Development Laboratory
Site, Hargis + Associates, Inc., October 20, 1989

7 Soil Borings (southwest of Landfill No. 2)
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2.12 Surface Soil Sampling

Prior to sampling, the immediate area to be sampled was cleaned of debris and litter. A
barrel auger (hand operated) was used to penetrate surface and near-surface soil to the
desired depth to obtain a sample for analysis. Samples were generally collected from

0 to 2 feet. The sampling equipment consisted of a stainless steel auger bit attached to a
stainless steel rod and a "T" handle. The auger bit was used to bore a hole to the
desired depth and withdrawn. The barrel portion of the auger bit held the soil cuttings
and eliminated contact with the sidewall of the borehole, which minimized the potential
for contaminating the sample with soil from other sections of the borehole.

As the sample barrel was lifted from the borehole, the sample was scanned with a
photoionization detector (PID) to screen for VOCs. Where radioactive materials were
expected to be encountered, the sample was scanned with a beta-gamma Geiger-Mueller
detector and an alpha scintillometer. These measurements aided in decision-making
concerning sample packaging, handling, shipping, and personnel-protection requirements.

Using a stainless steel spoon, the sample material was removed from the auger barrel,
placed in a stainless steel tray, and thoroughly mixed prior to bottling. Sample material
to be analyzed for VOCs was bottled immediately upon removal from the auger barrel to
avoid loss of the VOCs. Following sample collection, the sampling equipment was
cleaned by decontamination procedures described in Section 2.1.9.

2.1.3 Lake and Creek Sediment Sampling

Sediment samples were collected to a depth of 2 feet at locations in Lake Worth,
Meandering Road Creek, and one background location. A pontoon boat was used to
collect sediment samples from the bed of Lake Worth. Sediment sampling depths were
limited to approximately 17 feet, which allowed samples to be collected from all
locations. Sampling locations were agreed upon by the EPA, the U.S. Fish and Wildlife
Service (USFWS), and Geotech.

Sediment samples were collected using a stainless steel hand corer equipped with an
eggshell core catcher. A grab sample was collected from each 1-foot interval to a depth
of 2 feet and immediately bottled for VOC analysis. The remainder of the sample
material from each 1-foot interval was composited for other analyses. Composite
samples were collected from within a 3-foot by 3-foot area, as several hand cores were
necessary to collect the required volume for all analyses.

The hand corer was pressed into the sediment in a smooth continuous motion, twisted,
and then removed from the water. The nosepiece was removed and the sample placed
into a stainless steel tray. The sample was transferred into pre-labeled sample containers
with stainless steel spoons and preserved as required. Equipment was decontaminated
before collecting each sample as discussed in Section 2.1.9.
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Samples collected near the Nuclear Aerospace Research Facility (NARF) were field
scanned for radioactivity with alpha, beta, and gamma detection equipment to determine
any personnel protection or transportation requirements. Samples were then sent out for
laboratory analysis.

2.1.4 Lake and Stream Water Sampling

The container immersion method was used to obtain grab samples from Lake Worth and
Meandering Road Creek. Temperature, pH, and electrical conductivity were measured
at the time of sampling. Field personnel wore disposable gloves and submerged the
sample containers below the water surface. If the water was flowing, the bottle was
pointed upstream until it was filled to the desired volume. The container was lifted from
the water, capped, rinsed with distilled or deionized water, and wiped with a lint-free
tissue. Three water samples were collected from a pool in Meandering Road Creek at
SW-5 from separate depths: near the surface, mid-level, and about 1 inch from the
bottom. The samples were labeled, preserved as required, and analyzed. A disposable
bailer was used to collect depth-specific samples. Caution was used to avoid disturbing
the bailer during this task. A bottom-emptying device was used to decant the samples.

Seep samples were collected along the Meandering Road Creek drainage between
previous seep sampling locations and at any additional seeps present along the drainage
at the time of sampling. When required, preservatives were added to the sample bottle.
The sample bottle was tilted and the sample poured slowly into the sample container
along the side of the bottle.

2.1.5 Drilling and Subsurface Soil Sampling
2.1.5.1 Locating Utilities

At each location where sampling required ground penetration, the site was investigated
for underground utilities. Utility maps provided by GD Facility Engineering diagramed
the utilities for each sampling area. The utility survey also indicated past activity at each
location by labels on piping, conduits, etc.

2.1.5.2 Drilling in Unconsolidated Alluvium

Truck-mounted hollow-stem auger rigs were employed at Plant 4 to conduct the
subsurface soil sampling in conjunction with the drilling of groundwater monitoring wells.
With the truck-mounted auger rig centered over the sample location, a 140-pound
hammer dropped through a distance of 30 inches, or an equivalent hydraulic driver, was
used to drive a 3-inch-diameter (0.d.) by 24-inch-long stainless steel split-barrel sampler
into the surface material to the desired sample depth. Following retrieval of the surface
sample, the hollow-stem augers, with close-fitting center bits, were used to advance the
borehole to the next sampling depth.
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After reaching the desired depth, the center bit was withdrawn and the split-barrel
sampler inserted. The sampler was then driven for 2 feet or until no further penetration
was achieved after 50 blows for each 6 inches of penetration.

Drill cuttings and water removed during the drilling process were placed in drums,
sealed, and transported to a designated waste storage area for later disposal. Drums
were labeled and a drum log was maintained to track the drums.

2.1.5.3 Dirilling in Consolidated Rock

Drilling through consolidated rock was conducted to (1) install DNAPL traps, (2) obtain
core from the Paluxy Formation, and (3) install monitoring wells in the Paluxy

Formation. To install DNAPL traps in alluvial monitoring wells, hollow-stem augers ,
were drilled approximately 2 feet into the Walnut Formation, creating a sump. A section
of the well screen was placed into the bedrock to permit the detection of DNAPLs.

The five wells installed in the Paluxy Formation during this investigation were cored
from near the top of the Walnut Formation to the bottom of the well. Hollow-stem
augers were used to advance the borehole to the top of the Walnut Formation. A rotary
bit was used to cut a 12-inch-diameter hole about S feet into the Walnut Formation, into
which steel casing, extending to the surface, was set and cemented. A small coring rig
was used to core the hole to total depth. After coring was completed, the core hole was
reamed to permit installation of the monitoring well. A small amount of bentonite
drilling mud was required to complete the coring and reaming activities because of the
soft siltstones, mudstones, and sandstones encountered in the Paluxy Formation. These
holes were flushed with potable water to remove the bentonite prior to installation of the
monitoring well. No other drilling additives were used. Selected sections of core were
analyzed for vertical hydraulic conductivity, total organic carbon content, organic
partition coefficient, and distribution coefficient. All core was described on lithology logs
(see Appendix B-2) as it was removed from the borehole and placed in core boxes that
were stored at Plant 4.

2.1.5.4 Sampling Unconsolidated Alluvium

Sampling of unconsolidated alluvium was performed by split-barrel sampling. A
split-barrel sampler was driven the length of the barrel (2 feet), or until no further
penetration was possible. The sampler was carefully removed from the borehole and
separated from the drive-rod assembly. The sampler was laid flat on a plastic sheet, and
the head and drive shoe were removed. Half of the split-barrel was removed, exposing
the sample. The uppermost portion of the sample (slough) was discarded. The sampled
interval was screened with a PID while in the split-barrel sampler. Samples to be
analyzed for VOCs were removed immediately from the exposed sample. If elevated
VOC levels were detected with the PID, that portion of the sample was collected for
VOC analysis. The remaining sample material was placed in a stainless steel pan and
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was thoroughly mixed prior to bottling. If a discrete section of the core had evidence of
visible contamination, the section was sampled without mixing the entire sample volume.

Following each sample collection, the split-barrel was cleaned to avoid cross-
contamination of the samples, as specified in Section 2.1.9. Equipment blanks were
collected to verify decontamination or to account for possible interferences.

2.1.5.5 Core Sampling in Bedrock

In the five Paluxy monitoring wells (P-27 through P-31), the core was retrieved from the
Walnut and Paluxy Formations. After a 12%-inch-diameter borehole had been drilled
approximately 5 feet into the Walnut Formation, casing was set and cemented in the
hole. A schematic of construction of a Paluxy Formation monitoring well is presented in
Figure 2.1.5-1. The cement was allowed to set for several days and a Mobile Drill
Model 53 core rig was then used to core the remainder of the hole. Coring was
accomplished using a 10-foot long double tube, swivel-type core barrel that retrieved
NX-size (1%-inch diameter) core from a 4 %-inch-diameter hole.

Core runs were typically for the entire 10-foot length of the core barrel; however, when
core recovery from previous runs was poor (less than 50 percent recovery), core runs of
approximately 5 feet were conducted in an attempt to increase core recovery.
Immediately after the core was removed from the hole, it was described in the borehole
log in terms of rock type, nature and type of cementation, number of fractures present,
porosity, bedding characteristics, color, and mineral composition. The core was
separated into 2-foot lengths and placed in cardboard core boxes that contained 10 feet
of core (in five 2-foot lengths). Each core box was labeled with the hole (well) number
and the depth interval contained in each box. The insides of the core boxes were
labeled with the beginning and ending depths of each-2-foot core segment. Lost
intervals were noted in the borehole log and in the core box by placing 2-inch by 2-inch
wooden blocks, labeled with the lost interval depths, at the location of the missing core
intervals.

Coring was conducted until the total depth of the hole was reached. During coring,
bentonite was occasionally added to water as a thickener to bring up coarse material and
clean out the borehole. Core recovery was usually poor in sections of the Paluxy
Formation where flowing sands were encountered in saturated, poorly consolidated
sandstones. After total depth was reached and coring was completed, the borehole was
reamed out to a diameter of 6 to 7% inches in preparation for well completion.
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2.1.6 Monitoring Well Installation
2.1.6.1 Alluvial Monitoring Wells

Alluvial monitoring wells were drilled using truck-mounted drill rigs with hollow-stem
augers. After completion of soil sampling through the hollow-stem augers, the borehole
was augered to the required depth. As the well completion materials were installed, the
auger flights were slowly removed to prevent cave-in. At several sites it was necessary to
maintain a head of potable water on the casing to prevent fine sands from flowing into
the augers.

Monitoring wells were typically completed using 2-inch inside diameter (i.d.) polyvinyl
chloride (PVC) screen with 0.01-inch slot size and 2-inch i.d. flush-joint threaded casing
(see Figure 2.1.6-1). At sites where fuels or solvents were known to exist, stainless steel
riser pipe was used to prevent possible degradation of the PVC material. The annular
area around the screen extending 2 feet above the screened area was packed with well
sand. A bentonite pellet seal at least 3 feet thick was then placed above the sand pack.
The remainder of the annular space around the casing was grouted to the surface with a
grout mixture of cement and powdered bentonite. The bentonite content of the cement
grout did not exceed 5 percent by total volume. In a variance from the Work Plan, many
of the monitoring wells installed early in the investigation were grouted with a high-
solids bentonite grout. Geotech personnel believed bentonite grout was preferable to
cement/bentonite grout for the Plant 4 area. Appendix B-1 (Volume III) includes a
listing of monitoring wells indicating the type of grout used for each completion.

The screen was installed to detect the contaminants of interest at each site. Wells
installed for the collection of light nonaqueous phase liquids (LNAPLs) were screened
such that the screen length would allow for seasonal fluctuations in the water table or
drawdown from potential pumping operations in other areas. Nearby monitoring wells
were checked to determine current water levels at each location. Historical water levels
were also investigated prior to setting a LNAPL screen to determine water level
fluctuations.

Monitoring wells designed to collect soluble organic compounds were installed such that
the screen was located within the central portion of the aquifer or within a layer of
interest. Monitoring wells designed for the collection of DNAPLs were screened such
that the bottom of the screened interval extended into the underlying confining layer on
which the DNAPLs were expected to pool. A sump was drilled at least 2 feet into the
Walnut Formation to allow the detection of DNAPLs. As specified above, all
monitoring wells were completed with a sand pack, bentonite seal, and grout. A locking
cover and concrete pad were also installed at the surface, and steel posts were installed
where necessary to protect the well. The posts were painted to allow visibility in high-

traffic areas. Monitoring well completion diagrams are provided in Appendix B-1,
(Volume IIT).
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Drill cuttings and water removed during the drilling process were scanned with a PID.
The cuttings and water were drummed or otherwise containerized for later disposal.

2.1.6.2 Paluxy Formation Monitoring Wells

Five monitoring wells were installed to test the Paluxy Formation water quality and
hydrologic characteristics (see Figure 2.1.5-1). Two wells were installed into the middle
portion of the Paluxy Aquifer, outside the Plant 4 boundaries on the city of White
Settlement right-of-way. Three monitoring wells were installed into the upper portion of
the Paluxy Aquifer at locations within the Plant 4 boundaries. All Paluxy Formation
monitoring well locations were situated with approval of EPA personnel.

All Paluxy Formation wells were installed in the same manner. Hollow-stem augers
were used to drill to the top of the Walnut Formation. Either a hollow-stem bit or a
rotary bit was used to drill an approximate 12-inch-diameter borehole about 5 feet into
the Walnut Formation. An 8-inch-diameter steel casing was cemented in the borehole,
and sections were welded together to bring the steel casing to the surface. This casing
prevented contaminated water in the alluvial aquifer from penetrating into the Paluxy
Aquifer. After allowing at least 3 days for the cement to set and seat the casing, the
cement was drilled out and coring commenced (see Table 2.1.6-1).

Table 2.1.6-1 Geotech Paluxy Formation Monitoring Wells

MouitormgWell | ©  Location
P-27U West of Building 14
P-28U North Parking Lot
P-29M City of White Settlement, Bourland St.
P-30M City of White Settlement, Clifford Ave.
P-31U FDTA-5 Area (dry well)

All Paluxy Formation monitoring wells were cored through the Walnut and Paluxy
Formations to total depth. After coring was completed, the boreholes were reamed out
with either a 6-inch or 7%-inch-diameter drill bit to allow well installation to continue.
Bentonite drilling mud used during coring and reaming of the boreholes was washed
from the boreholes and stored in drums. Wells were installed using 2-inch-diameter
threaded PVC pipe and-0.01-inch screen. Well sand was placed using-a tremie pipe until
the sand was 2 to 3 feet above the top of the well screen.
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Bentonite pellets were placed on top of the sand pack to a minimum thickness of 3 feet.
High-solids bentonite grout was tremied into place using a side discharging tremie pipe
that forced any fluid in the well to the surface. This fluid was stored in drums for later
disposal. Bentonite grout was pumped into the borehole as required to bring the top of
the grout to about 6 feet from the surface. At the surface, either a flush mount or an
above-ground vault was installed. All monitoring wells were equipped with padlocks.

2.1.6.3 Monitoring Well Development

Following well installation and a minimum of 1 week to allow for the grout to set, the
wells were developed using a vented surge-block technique. Surging, followed by
pumping with a submersible pump, hand pump, or bailing with disposable bailers, was
performed until the measured parameters (temperature, electrical conductivity, and pH)

were stable over three bore volumes. Borehole volume was calculated using the
following relationships.

Borehole Volume = Casing Volume + Filter Pack Volume
Casing Volume (gallons) = (r,/12)* X 7 X (h, - hy) X 7.48

Filter Pack Volume (gallons) = [(r,/12)* - (r;/12)’] X = X (h, - h,) X 7.48 X 0.30

Where: r; = radius of well casing (inches)
r, = radius of well bore (inches)
* = 3.1416

h; = depth of well (feet) from top of casing

h, = depth to water (feet) from top of well casing
0.30 = estimated porosity of filter pack
7.48 = gallons per cubic foot

A minimum of 10 bore volumes of fluid was removed from each monitoring well unless
the well was repeatedly pumped dry. Wells in areas with limited amounts of water were
developed until parameters were stable while trying to remove 10 bore volumes of fluid.

The Final Sampling and Analysis Plan for Plant 4 stated well development would
continue until discharge water was free from sand and the turbidity was less than
5 nephelometric turbidity units (NTUs). The 5-NTU standard was found to be
impractical due to the amount of silt in the alluvium and the low amount of water
available for development. Parameter stability was achieved on almost all of the
monitoring wells, but the 5-NTU standard was not met on any well.
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Groundwater was sampled from selected existing and all newly installed monitoring
wells. Electrical conductivity, temperature, and pH were measured at the time of
sampling. Dissolved oxygen and oxidation-reduction potential (Eh) were also measured
at 20 percent of the locations.

All monitoring wells were purged before sampling for a minimum of three bore volumes
or until the well was purged dry. This ensured that a representative sample of the
aquifer was collected. If the well was purged dry, sample containers were filled as soon
as the well recovered enough to provide sufficient volume. Many of these wells failed to
recover completely before sampling. The pH, temperature, and electrical conductivity of
the discharge water were monitored during purging with a flow-through cell apparatus.
For wells that did not produce enough water to allow the use of a flow-through cell, a
clean polyethylene sample container was used to collect water for parameter monitoring.
Samples were collected after the pH, electrical conductivity, and temperature stabilized
to + 0.25 pH, + 50 umhos/cm, and + 0.5 °C, respectively, for at least one-half of a
bore volume. Purge water was contained in barrels and stored for later disposal.

Probes were immersed into the flow-through cell soon after purging began to monitor
the pH, temperature, and electrical conductivity. The pH meter was calibrated with
standard solutions of 4.00, 7.00, and 10.00 pH prior to taking the measurements. Buffer
ranges were selected to bracket the expected pH of the borehole fluid. All
measurements were adjusted for temperature.

Electrical conductivity was measured using a conductivity meter that was calibration
checked before sampling with 1000 umhos calibration solution. Temperature, pH, and
electrical conductivity measurements were recorded at regular intervals throughout the
time of purging. Dissolved oxygen readings were not collected at wells that were
frequently purged dry.

Newly constructed wells were purged with a peristaltic suction-lift type pump, a
submersible pump designed for 2-inch wells, a submersible bladder pump (stainless steel
with a Teflon® bladder), or a high density polyethylene disposable bailer. These
methods were also used to collect the inorganic samples. VOC samples were collected
using disposable bailers.

Samples requiring filtration were filtered through a 0.45-micron cellulose/acetate or
membrane filter in conjunction with a flow-through filtration system. The filtration
system consisted of -a filter holder with the filter sandwiched between Teflon® support
screens. Disposable-cartridge filters were also used during this investigation.

Sample bottles were filled by allowing the pump or bailer discharge to flow gently down
the side of the bottle with minimal entry turbulence. The sample was capped and stored
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26
at 4 °C. For samples requiring preservation (such as HNO, for metals or HCL for VOCs
to pH less than 2 for metals), the proper amount of preservative was added and the
bottle capped. Samples collected for organics were bottled with no bubbles and cooled
to 4 °C.

2.1.8 Water-Level Measurements

Electronic interface probes were used to measure depths to the top of any free product
layer (both LNAPL and DNAPL) and to the top of water in monitoring wells by
detecting differences in conductivity between layers. The depths to fluid level were
determined using the casing top as the measuring point. In the absence of a defined
measuring point, measurements were made from the north side of the casing. The
groundwater levels in all new wells were measured prior to purging and sampling.
Water-level measurements were used to calculate purge volumes and to estimate
groundwater flow directions and velocities. Wells with LNAPL present were not used to
create piezometric maps as the presence of LNAPL may depress the local water table.
At several existing monitoring wells, an electric sounder was used to measure water
levels because access ports or dedicated pumps at these wells did not allow the use of an
interface probe. These existing wells had no history of nonaqueous phase liquids or high
levels of contamination (see Appendix D, Geotech Water-Level Measurements).

2.1.9 Decontamination Methods
2.1.9.1 Soil Sampling Equipment

All soil sampling equipment was thoroughly decontaminated before use. A
decontamination area was established with a plastic ground cover, stainless steel wash
pans, and appropriate cleaning supplies at each sampling site as required. All visible
contamination was removed with a steel brush and/or paper towels. Equipment was
washed with scrub brushes and soapy water (Isoclean® or equivalent), rinsed with clean
potable water, rinsed with laboratory-grade methanol, then rinsed with distilled water,
and allowed to air dry. After drying, equipment was wrapped in clean polyethylene
sheeting until use. All waste methanol and water was contained and stored in drums
pending disposal.

2.1.9.2 Drilling Equipment

Drill rigs, augers, rods, hand tools, and accessory equipment were inspected daily for
fluids or substances that could contaminate sample material or boreholes. All leaks were
required to be diapered and immediately repaired. All drilling equipment was cleaned
with a high pressure hot-water wash prior to entry on the site. Equipment was again
cleaned with hot water between borings. After hot-water cleaning, all down-hole
equipment was rinsed with methanol, rinsed with distilled water, and allowed to air dry
prior to re-use. For the cleaning of drilling equipment, a decontamination pad was
constructed using plastic sheeting spread over concrete with a slope leading to a sump.
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The decontamination pad was designed to ensure that the decontamination fluids were
impounded or containerized for later disposal, which will be based on identification of
contaminants through sampling and analysis of waste materials.

2.1.9.3 Groundwater Sampling Equipment

All measurement and sampling equipment contacting groundwater was wiped with clean
rags or paper towels as the equipment was removed from the well. Outer surface areas
were cleaned by the method described in Section 2.1.9.1.

Sampling equipment that was contaminated internally, such as pumps and tubing, was
cleaned by circulating decontamination solutions through the system. This was
accomplished by pumping soapy water, clean potable water, and distilled water through
the tubing system. Exterior surfaces were cleaned with a soap wash, potable water rinse,
methanol rinse and a final distilled water rinse. Discharge water and solvents were
stored in steel drums.

2.1.1¢ Sample Handling, Packaging, and Shipping

All sample containers were pre-cleaned and obtained from an EPA-approved supplier
for Superfund sites (e.g., I-Chem). Containers were individually inspected for integrity
and cleanliness prior to use. Suspect containers were discarded.

Sample bottles for liquid inorganic analyses were filled to approximately 90 percent of
capacity to allow for expansion of the contents. The 40-milliliter vials for volatile
organic analysis were filled with no headspace or bubbles. Sample bottles for other
organic analyses were filled with minimum headspace.

Sample preservation was performed immediately upon collection. Ice chests were used
to cool samples during field sampling, packaging, and shipping. Samples were stored in
a refrigerator if they were not shipped the day of collection. This refrigerator was kept
in a locked room and custody sealed to ensure sample security.

Those samples that had low levels of contaminants were handled, packaged, and shipped
as environmental samples. Those samples containing high concentrations of
contaminants based on field screening methods were handled, packaged, and shipped
according to the regulations issued by the United States Department of Transportation
(DOT), 49 CFR Parts 171 through 178, and EPA sampling, packaging, and shipping
methods (40 CFR 260). Table 2.1.10-1 shows the type of containers and holding times
for the different analyses.

All samples were packaged and shipped in a manner that protected the integrity of the
sample and minimized any detrimental effects from possible leakage. Packaging and
shipping included placing sample containers in zip-lock plastic bags, placing samples in
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foam socks or equivalent packing material, and packing samples in vermiculite. Shipping
coolers were lined with plastic trash bags with the drain plugs sealed to prevent leakage.
Shipping containers were properly labeled according to DOT guidelines. Samples
identified as hazardous were shipped on a Hazardous Materials Manifest signed by a
DOT certified shipper.

Each shipment of samples was accompanied by a signed Chain of Sample Custody form
that specified the analyses required for each sample and any unique handling
requirements based on information obtained in the field. Laboratories were routinely
notified of sample shipments prior to arrival. Chain of Sample Custody forms are shown
in Appendix M.

2.1.11 Field Quality Assurance and Quality Control
2.1.11.1 Introduction

This section describes the quality assurance and quality control measures that were
instituted for the field sampling and analysis phase of the PA/SI and RI/FS processes at
Plant 4. The objective was to provide systematic control of all phases of the processes,
which included proper sampling design, sampling procedures, accuracy, precision,
comparability, and completeness.

2.1.11.2 Sample Identity

To maintain evidence of authenticity, the samples collected for Plant 4 were identified by
a label attached to the sample container that included the company name, sample
interval, unique identification number, date, time, and sampler’s name. In addition, a
copy of the sample label with the same information was kept in the evidentiary files for
the project.

2.1.11.3 Sample Custody

To maintain the integrity of the samples, it was necessary to demonstrate that the
samples were kept under custody from the time they were collected to the time they
were analyzed. Chain of Sample Custody forms were used to list all sample possession
transfers and show that the sample was in constant custody between collection

and analysis.

The sample shipping containers had custody seals placed over the container openings to
ensure that the integrity of the-samples was not compromised-during shipment. The
receiving laboratory examined the seals on arrival and documented that the seals were
intact. Upon opening of the containers, the condition of the sample containers was also
noted (i.e., broken bottles, leaking bottles, broken seal around the lid). No discrepancies
were noted by the laboratories.
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2.1.11.4 Transportation and Shipment of Samples

All shipments were made in compliance with DOT regulations governing shipment of
hazardous materials and substances. A copy of the regulations in 49 CFR 171-179 was
available to field personnel responsible for marking, labeling, packaging, documenting,
and shipping hazardous material, substances, and waste. In addition to meeting all DOT
requirements, special care was taken to ensure the integrity of the sample through
proper packaging and shipping (see Section 2.1.10).

To determine the proper identification of a hazardous sample, field personnel reviewed
field measurement data and the logbooks for relevant information concerning the sample
material in each container. This information included such things as radioactivity levels,
presence of organic vapors, pH, or any other information useful in classifying the samples
for shipment. If a sample was known or suspected to contain a specific hazardous
material, the sampler noted the presence of the material on the sample label. This
information was necessary for the receiving laboratory to determine proper handling of
the sample prior to analysis and to prepare laboratory equipment for analysis.

2.1.11.5 Document Control

The preparation, issuance, and revision of documents that specify quality requirements,
or prescribe activities affecting quality, were controlled to ensure that the correct
documents were being used and enforced during the sampling and analysis phase of the
RI/FS process. The following describes the various documents that were controlled:

e Field Logbooks: Field personnel used bound logbooks with consecutively numbered
pages for each major field task performed (i.e., soil sampling, groundwater sampling,
monitoring well drilling). The field logbooks were used to record the daily activities
of the field team, record any field measurements taken, sketch maps of measurement
and sample locations, and note observations that indicated the quality of the data.
Each page was signed and dated by the person making the entries on that page and
also signed and dated by a second person who reviewed the entries for accuracy and
clarity. Each logbook was signed out to the individual responsible for completion of
the logbook.

e Daily Drilling Log: A log was maintained of each day’s drilling activities and
contained records of footage drilled, materials used, problems encountered, and
general observations. The log identified each boring by a specific identification
number and location and contained the names of drilling personnel and their
employer(s). The Geotech drilling supervisor-reviewed these logs daily for
completeness and accuracy.

e  Well Completion Log: A well completion log was prepared for each new well that
included the well identification number, well location, installation description,
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completion diagram, and a lithologic log. The well completion log was signed and
dated by the person entering the information and was checked by another person for
accuracy and clarity. Well logs are presented in Appendix B-2.

Lithologic Log: A lithologic log was completed for each monitoring-well boring and
soil boring. The log includes the sampling location, hole number, sample number,
sampling depth interval, soil descriptions, PID readings, and comments, if any. The
log was signed and dated by the person recording the information and was checked
for accuracy and clarity by a second person. Lithologic logs of soil borings are
presented in Appendix A-2.

Groundwater Sample Collection Forms: Groundwater sample collection forms were
completed during each well sampling. This form is a comprehensive form used to
document water quality field measurements taken at the time of sampling and
purging. Information recorded includes pump type, purge volumes and rates, and
type of sample bottles, preservatives, and filters used. Sample collection forms are
presented in Appendix C.

Chain-of-Custody Forms: A copy of each chain-of-custody form was retained in a
file for the project records for traceability in case of sample loss or delays during
shipment. This file was maintained in the field until completion of fieldwork and
then became part of the permanent project file. Copies received by the laboratory
were included in the laboratory data packages.

Evidentiary File: All pertinent information gathered in the course of fieldwork
(e.g., permits obtained for access, drilling, or excavation, correspondence relating to
the project, completed forms, completed logbooks, software programs, training
records, accident reports, and other records and files) are maintained in the
permanent project file.

2.1.11.6 Laboratory Quality Control

Internal Quality Control Checks: For subcontracted analyses, internal quality control
was performed according to EPA SW-846 (Third Edition). The laboratories selected
had a thorough internal quality assurance/quality control (QA/QC) system that met or
exceeded the requirements set forth in EPA SW-846 (Third Edition), including the
following minimum requirements:

Each instrument was initially calibrated and the calibration was verified with a
calibration standard specified for each instrument. The calibration standard was
either an EPA Quality Control Solution or a National Institute of Standards and
Technology (NIST) traceable control solution. Calibration verification during an
analysis run was performed after every 10 samples.

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 Page 2-23




264 77/

* A preparation blank was prepared and analyzed to check for contamination caused
by reagent preparation for each analytical run.

* A matrix spike sample was prepared and analyzed at a rate of 1 per group of
10 samples of a similar matrix.

e At least 1 duplicate sample analysis was performed on each group of 10 samples of
similar matrix.

e For analyses by GC/MS, surrogate spike analyses were performed on all samples.
e An interference check sample was analyzed for each analytical run to verify
interelement and background correction factors on a regular basis for analysis

performed using an Inductively Coupled Plasma (ICP) Procedure.

For Geotech laboratory analyses, the internal quality control was as specified in EPA
SW-846 (Third Edition) and as follows:

e Dissolved Metals (waters)
A portion of 1 sample for every 10 samples or 1 one sample per batch, whichever
was greater, was spiked with a known amount of each analyte and analyzed to check

for matrix interferences. Spike recoveries were between 90 and 110 percent.

One sample for every 10 samples or 1 sample per batch, whichever was greater, was
analyzed in duplicate.

One check sample containing known amounts of each element was analyzed for
every 10 samples or every batch, whichever was greater.

e Metals (total metals—waters)
A portion of 1 digested sample for every 10 samples or 1 sample per batch,
whichever was greater, was spiked with a known amount of each analyte and

analyzed for matrix interferences. Spike recovery was between 90 and 110 percent.

® Metals (total metals—soils)

One sample for every 10 or 1 sample per batch, whichever was greater, was digested
and analyzed in duplicate.

Certified reference materials were included at a frequency of 1 for every 10 samples
or 1 per batch, whichever was greater.
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A blank was carried through the digestion procedures with every batch.
Metals (extraction procedure [EP] toxicity—soil extracts)

The extract from each sample was spiked for each analyte. Standard addition was
performed if the spike recovery was outside the range of 85 to 115 percent.

One extracted sample for every 10 or 1 sample per batch, whichever was greater,
was analyzed in duplicate.

Anions and Total Dissolved Solids (TDS) (waters)

One sample for every 10 or 1 sample per batch, whichever was greater, was analyzed
in duplicate.

One check sample containing known amounts of each analyte was analyzed for every
10 samples or every batch, whichever was greater.

A portion of 1 sample (except for TDS) for every 10 or 1 sample per batch,
whichever was greater, was spiked with known amounts of each analyte. Spike
recoveries must be between 90 and 110 percent.

Volatile Compounds

One sample for every 10 or 1 sample per batch, whichever was greater, was analyzed
in duplicate.

One check sample containing known amounts of each analyte was analyzed for every
10 samples or every batch, whichever was greater.

A portion of 1 sample for every 10 or 1 sample per batch, whichever was greater,
was spiked with known amounts of each analyte.

Duplicates

Duplicate samples for both water and soil were collected and submitted blind to the
laboratory at a rate of 10 percent.

Trip Blanks

Seven water trip blanks were submitted to the contracted laboratories for analysis
of VOCs.
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¢ Equipment Blanks

Water equipment blanks were collected at a rate of one per day for the purpose of
evaluating equipment contamination in the field. The equipment blanks were
analyzed for the same constituents as the water samples.

Table 2.1.11-1 presents the reporting limits for laboratory analysis of samples. For
volatile and semivolatile organic compounds, the listed limits are the Practical
Quantitation Limits (PQLs), as listed in the appropriate EPA Methods of SW-846
(Third Edition). Other limits are method detection limits.

2.2 Assembly Building/Parts Plant
2.2.1 Introduction

The main objective of the PA/SI investigation of the Assembly Building/Parts Plant was
to identify potential source areas for contamination present in groundwater downgradient
of the buildings. Soil-gas screening of the entire perimeter of the building provided both
upgradient and downgradient information on the nature of potential contamination.
Specific areas of potential contamination were further investigated to help define the
contaminant source.

Most investigations to date have concentrated on defining the extent of the contaminant
plumes, and, as a result, the source of contamination has not been determined. Thirty-
four monitoring wells, both alluvial and Paluxy, were installed along the perimeter of the
Assembly Building/Parts Plant during previous investigations. Soil test holes for
foundation design provided soil types and depth to the underlying Walnut Formation.

The most widespread contaminant east of the building is TCE. Spills of TCE have
occurred within the chemical process building adjacent to the Parts Plant. Trenches,
sumps, floor drains, buried pipelines, and abandoned pipelines are present throughout
the manufacturing facility. These are all potential source areas or transport routes for
contamination resulting from spills and leaks.

2.2.2 Current Investigations

A soil-gas survey was conducted around the entire perimeter of the building with

54 sampling locations spaced approximately every 200 feet. Sampling began in

June 1990 and was completed in October 1990. Sample locations were selected to meet
the 200-foot criteria and were placed in areas free of underground ufilities.

Samples were collected from a nominal depth of 4 feet using a Geoprobe® sampling
system with a hollow, stainless steel drive rod and expendable drive points. Soil-gas
measurements were made initially using a calibrated photoionization detector
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Analytical Parameter Analytical Method 'CRQL'

Volatile Organics EPA Method 8240 Groundwater Soil

(Target Compound List) (SW-846, Third Edition) (ug/L) (ug/kg)
Acetone 10 10
Benzene 5
Bromodichloromethane 5
Bromoform 5 5
Bromomethane 10 10
2-Butanone 10 10
Carbon disulfide 5 5
Carbon tetrachloride 5 5
Chlorobenzene 5 5
Chlorodibromomethane 5 5
Chloroethane 10 10
2-Chloroethyl vinyl ether 10 10
Chloroform 5 5
Chloromethane 10 10
1,1-Dichloroethane 5 S
1,1-Dichloroethene 5 S
trans-1,2-Dichloroethene 5 S
1,2-Dichloropropane 5 5
cis-1,3-Dichloropropene 5 5
trans-1,3-Dichloropropene 5 5
Ethyl benzene 5 5
2-Hexanone 50 50
Methylene chloride 5 5
4-Methyl-2-pentanone 50 50
Styrene 5 5
1,1,2,2-Tetrachloroethane 5 S
Tetrachloroethene - -
Toluene 5 5
1,1,1-Trichloroethane 5 S
1,1,2-Trichloroethane 5 5
Trichloroethene 5 5
Vinyl acetate 50 50
Vinyl chioride 10 10
Xylene 5 5

1) Contract Required Quantitation Limit
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Table 2.1.11-1 (continued) Reporting Limits for Laboratory Analyses

Analytical Parameter Analytica] Method CRQL!
Semivolatile Organics EPA Method 8270 Groundwater Soil
(Target Compound List) (SW-846, Third Edition) (ug/L) (ng/kg

Acenaphthene 10 660
Acenaphthylene 10 660
Anthracene 10 660
Benzoic acid 50 3,300
Benzo(a)anthracene 10 660
Benzo(b)fluoranthene 10 660
Benzo(k)fluoranthene 10 660
Benzo(g,h,i)perylene 10 660
Benzo(a)pyrene 10 660
Benzyl alcohol 20 1,300
Bis(2-chloroethoxy)methane 10 660
Bis(2-chloroethyl)ether 10 660
Bis(2-chloroisopropyl)ether 10 660
Bis(2-ethylhexyl)phthalate 10 660
4-Bromophenyl phenyl ether 10 660
Butyl benzyl phthalate 10 660
4-Chloroaniline 20 1,300
2-Chloronaphthalene 10 660
4-Chloro-3-methylphenol 20 1,300
2-Chlorophenol 10 660
4-Chlorophenyl phenyl ether 10 660
Chrysene 10 660
Dibenz(a,h)anthracene 10 660
Dibenzofuran 10 660
Di-n-butylphthalate 10 660
1,2-Dichlorobenzene 10 660
1,3-Dichlorobenzene 10 660
1,4-Dichlorobenzene 10 660
3,3'-Dichlorobenzidine 20 1,300
2,4-Dichiorophenol 10 660
Diethylphthalate 10 660
2,4-Dimethylphenol 10 660
Dimethylphthalate . 10 660
4,6-Dinitro-2-methylphenol 50 3,300

1) Contract Required Quantitation Limit

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 Page 2-28




264 82

Table 2.1.11-1 (continued) Reporting Limits for Laboratory Analyses

Analytical Parameter Analytical Method CRQL'
Semivolatile Organics EPA Method 8270 Groundwater Soil
(Target Compound List) (SW-846, Third Edition) (ug/L) (ug/kg)

2,4-Dinitrophenol 50 5,330
2,4-Dinitrotoluene 10 660
2,6-Dinitrotoluene 10 660
Di-n-octylphthalate 10 660
Fluoranthene 10 660
Fluorene 10 660
Hexachlorobenzene 10 660
Hexachlorobutadiene 10 660
Hexachlorocyclopentadiene 10 660
Hexachloroethane - -
Indeno(1,2,3cd)pyrene 10 660
Isophorone 10 660
2-Methylnaphthalene 10 660
2-Methylphenol 10 660
4-Methyiphenol 10 660
Naphthalene 10 660
2-Nitroaniline 50 3,300
3-Nitroaniline 50 3,300
4-Nitroaniline 50 3,300
Nitrobenzene 10 660
2-Nitrophenol 10 660
4-Nitrophenol 50 3,300
N-Nitroso-di-n-pyrolamine - -
N-Nitrosodiphenlamine 10
Pentachlorophenol 50 3,300
Phenanthrene 10 660
Phenol 10
Pyrene - -
1,2,4-Trichlorobenzene 10 660
2,4,5-Trichlorophenol 10 660
24,6-Trichlorophenol 10 660
I 'lI:lt;:ll:olc’;::Ir:)ol::r(r:rp H) EPA Method 418.1 0.10 . 10 mg/kg
| Oil and Grease I EPA Method 413.2 0.20 S mg/kg

1) Contract Required Quantitation Limit
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Table 2.1.11-1 (continued) Reporting Limits for Laboratory Analyses

e Analytical Metbod v — P
Parameter
Prior Groundwater Soil
(ug/L) (mg/kg)
Antimony EPA Mecthod 6010 60 12
Arsenic EPA Mecthod 7000 Series 10 2
Beryllium EPA Method 6010 5 1
Cadmium EPA Method 6010 5 1
Chromium EPA Method 6010 10 2
Copper EPA Method 6010 25 5
Lead EPA Mecthod 7000 Series 5 1
Nickel EPA Mcthod 6010 40 8
Sclenium EPA Mecthod 7000 Series 5 1
Silver EPA Method 6010 10 2
Thallium EPA Method 7000 Series 10 2
Zinc EPA Method 6010 20 4
Other Inorganics
Cyanide | EPA Method 335.2 ] 0.02 mg/L 4
Lake Worth sediment samples analyzed using U.S. Dept. Interior/Fish and Sediments
Wildlife Service analytical methods® for specified metals. mg/kg
Aluminum EPA Mcthod 7000 Series 10
Cadmium EPA Method 7000 Series 0.20
Chromium EPA Method 7000 Series 1.0
Nickel EPA Method 7000 Series 5.0
Lead EPA Method 7000 Series 5.0

1) Contract Required Detection Limit
2) Analysis to have been by FWS-9-0AS-91-111 (USFWS) or EPA CLP methods, whichever was more stringent.

(Photovac TIP II). A low-volume vacuum pump was attached to the rods and a sorbent
tube was used to collect a sample for laboratory VOC analysis.

Based on the soil-gas survey, perimeter locations containing elevated VOCs were further
investigated by drilling 22 soil borings (see Table 2.2.2-1) and collecting soil samples.
The borings were drilled from the surface to the top of the water table or bedrock.
Samples were collected in S-foot intervals with samples for VOC analysis being grab
samples and the remaining samples being a composite of each 5-foot interval.
Composited soil samples were analyzed for semi-VOCs, petroleum hydrocarbons,

and metals.
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Table 2.2.2-1 Soil Borings—Assembly Building/Parts Plant Perimeter

SB-34 SB-48
SB-35 SB-49
SB-36 SB-52
SB-37 SB-53
SB-38 SB-54
SB-39 SB-55
SB-42 SB-56
SB-43 SB-109
SB-44 SB-110
SB-46 SB-112
SB-47 SB-116

Based on the soil-gas and soil boring survey results, three soil boring/monitoring well
locations (see Table 2.2.2-2) were identified to be drilled inside the Assembly
Building/Parts Plant to help define the location and extent of soil and water
contamination beneath the buildings. The borings were completed as monitoring wells
to provide groundwater flow and quality data beneath the facility. These wells were
flush-mounted in low traffic areas. Groundwater samples were collected monthly for two
sampling rounds. Samples were analyzed for VOCs, semi-VOCs, petroleum
hydrocarbons, and metals.

Table 2.2.2-2 Assembly Building/Parts Plant Interior
Soil Borings/Monitoring Wells

SB-152 (Monitoring Well W-158)
SB-153 (Monitoring Well W-159)
SB-154 (Monitoring Well W-160)

2.3 Former Underground Storage Tank Sites
2.3.1 Site Description

Fourteen USTs were removed at Plant 4 prior to December 22, 1988, which was the
effective date of Federal Subtitle I regulations. Twelve of the tanks contained petroleum
products and two contained hazardous substances (Hargis + Associates 1989). Following
removal of the tanks, soil samples collected from the excavations indicated that six of the
tank locations had contaminants in soils.
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At the six contaminated locations, Tank Nos. 19, 20, 24A, 24B, 25A, and 30 contained
2-butanone, xylene, gasoline, gasoline, JP-4, and JP-4, respectively. Analytical results
of the soil samples from the tank excavations generally indicated that the contaminants
in the soil corresponded to the former contents of the tanks. There were, however,
several compounds present that were not reported as being stored in the tanks.
Contaminants found in soils associated with each underground storage tank are as
follows:

e Tank 19 -- 2-butanone

e Tank 20 -- 2-butanone, ethylbenzene, xylene

Tank 24A -- 1,1,1-trichloroethane, trans-1,2-dichloroethene, ethylbenzene,
methylene chloride, tetrachloroethene, toluene, trichloroethene,
and xylene

Tank 24B -- 1,1,1-trichloroethane, tetrachloroethene, methylene chioride,
and toluene

Tank 25A -- benzene, toluene, ethylbenzene, xylene

Tank 30 -- benzene, toluene, ethylbenzene, xylene

Figure 2.3.1-1 shows the location of Tank Nos. 19 and 20; Figure 2.3.1-2 shows the
location of Tanks 24A and B; and Figure 2.3.1-3 shows the location of Tanks 25A

and 30. No further remedial action was performed after the tanks were removed. The
excavations were backfilled and paved.

Previous sampling at the former tank locations was insufficient to determine the
potential levels and extent of contamination associated with leaks and spills from the
tanks. These tank areas were evaluated as potential source areas for groundwater
contamination of the upper zone. Although preliminary sampling has shown that
contamination exists at the six locations, no attempt was made to characterize the extent
of contamination prior to backfilling, grading, and paving. These sites may have been a
significant source of contamination to the soils and groundwater over the years.

2.3.2 Field Investigations
2.3.2.1 Soil Sampling and Lithologic Logging

Soil borings were drilled around the perimeter of each of the six former underground
storage tank locations where contamination was reported to be present (see

Table 2.3.2-1). Borings were drilled from the surface to the top of the water table. In
addition, one boring was drilled in the approximate center of the formerly excavated
area to determine if any contamination remained below the depth of the tanks. At two
tank sites where the tanks were adjacent to buildings (Tanks 25A and 30), the number of
borings was reduced as borings could not be completed inside the structures. At UST
(removed) sites 19 - 20 and 24A - 24B, in a variance to the Final Sampling and Analysis
Plan (SAP), the number of borings was reduced as the tanks at each site were only
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Figure 2.3.1-3. RI/FS Investigation Sites in the North Central Area.
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Table 2.3.2-1 UST Soil Borings

UST 19 and 20 SB-120, SB-121, SB-122, SB-123, SB-124
UST 24A and 24B SB-127, SB-128, SB-129, SB-130
UST 25A SB-041, SB-099, SB-100, SB-106
UST 30 SB-080, SB-081, SB-082, SB-083

3 to 5 feet apart. One soil boring was placed between the tanks’ former locations,
instead of drilling three borings 2 feet apart. If contamination exceeding established
thresholds was encountered, additional borings were to be drilled approximately 50 feet
outward from the contaminated boring to help define the extent of contamination. At
the UST 24A and 24B location, in a variance from the SAP, additional borings were not
completed because contaminant levels were low and borings 50 feet away would have
been too distant to detect contamination. A boring planned for the east side of the UST
24A and 24B site could not be drilled as utility lines and physical barriers prohibited
access. At UST 25A, located immediately adjacent to Building 21, (the Jet Engine Test
Stand), the proximity of the building did not allow two planned borings to be completed
on the north and west sides of the former tank. Four borings were completed in the
area covered by the former tank site to determine the extent of contamination.

Soil samples at all locations were collected from S-foot intervals. Samples for VOC
analysis were grab samples and the remaining samples were composites of the entire
5-foot interval. Composite soil samples were analyzed for semi-VOCs and petroleum
hydrocarbons. Ten percent of the composite samples were also analyzed for metals.
Lithology logs were completed while soil borings were drilled to determine the depth of
excavation and to note any visible contamination.

2.3.2.2 Groundwater Sampling

Where contamination extended to the water table at the former tank sites, samples were
taken from existing monitoring wells to determine groundwater quality (see

Table 2.3.2-2). If no wells existed in the area of the former tanks, monitoring wells were
installed to compare groundwater quality upgradient and downgradient of the site.

Results of the groundwater sampling can be used to determine if the former tank sites
are source areas for groundwater contamination. Groundwater samples were analyzed
for VOCs, semi-VOCs, and petroleum hydrocarbons.
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Table 2.3.2-2 Monitoring Wells at Former UST Sites

W-134 Tank 25A Upgradient
W-146 Tanks 19 and 20  Upgradient
W-148 Tanks 19 and 20 Downgradient
W-145 Tanks 24A and 24B Downgradient

2.3.2.3 Water-Level Measurements

Water- or fluid-level measurements were made on existing nearby monitoring wells to
determine depth to the water table. Interface probes capable of detecting thin DNAPL
or LNAPL layers were used for fluid-level measurements.

2.4 Landfill No. 1
24.1 Site Description

From 1942 to approximately 1966, several types of hazardous and nonhazardous wastes
were disposed in Landfill No. 1, which is located west of Facilities Building 14. This site,
which encompasses about 6 acres, is presently the site of the West Parking Lot (see
Figure 2.3.1-1).

The majority of the waste disposed at Landfill No. 1 consisted of general refuse, rubble,
plaster, lumber, and fill dirt. Potentially hazardous wastes were also disposed in the
landfill. These included drums of unspecified liquid wastes, solvents, thinners, and paint
wastes from tank trucks, all of which were dumped in shallow pits. Oils and fuels were
also dumped in pits and subsequently burned. Aerial photographs show that at least five
separate pits were located within the landfill. Sludge from these pits was periodically
dredged out and deposited in the landfill area. Other suspected wastes include mercury
and magnesium wastes, chromate sludges, and cyanide.

The landfill was closed in 1966, and the area was graded and paved for vehicle parking.
Prior to the grading and paving, two 6-inch-diameter perforated pipes were laid on
bedrock just east of Meandering Road. These were intended to channel leachate from
the landfill to a storm sewer outfall. When contaminants were identified in water
samples collected from a storm drain in 1982, the original perforated pipes were
rerouted to a collection basin and French Drain No. 1 was constructed.

In 1983, a portion of the landfill was excavated and the material was moved to an
approved hazardous waste disposal facility as an interim remedial action. Within the
excavation, a French Drain was constructed to intercept contaminated groundwater
(French Drain No. 2). The excavation was then backfilled and the site repaved.
Groundwater was collected from French Drains Nos. 1 and 2 and processed through a
water treatment system at Plant 4.
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On the basis of data from previous studies, the following contaminants%ave been
reported to occur at Landfill No. 1 in concentrations that exceed Federal Maximum
Contamination Limits (MCLs).

e Acenaphthene ¢ Ethylbenzene e 1,1,1-Trichloroethane

e Arsenic * Fluoranthene ¢ Trichloroethene (TCE)
¢ Benzene ® Lead e Vinyl chloride

e (Cadmium e Tetrachloroethene

¢ Chromium * Toluene

As evidenced by the above list of contaminants, Landfill No. 1 still contains oil and
grease, waste solvents, and processed chemical wastes. The interim remedial actions
have eliminated only a portion of the potential source in this area for these
contaminants. A large portion of the landfill was characterized for types and relative
concentrations of buried contaminants.

2.4.2 Field Investigations

Previous investigations consisted of 22 test holes, 12 monitoring wells, and the French
Drain excavations. Table 2.1-1 lists reports prepared from the previous investigations.

During this investigation, 16 soil borings were drilled in and near Landfill No. 1 to
further delineate the areal extent, depth, and types of contamination (see Table 2.4.2-1).
Boreholes were drilled on a grid designed to cover the previously identified extent of
Landfill No. 1. The grid was extended when contamination was detected in boreholes
outside the previously identified area. Soil samples were composited from 5-foot
intervals collected from the surface to the water table. Composite samples were
analyzed for semi-VOC:s, oil and grease, and metals. A grab sample was collected for
VOC analysis from within the 5-foot interval where PID readings or visual examination
indicated possible contamination.

Table 2.4.2-1 Landfill No. 1 Soil Borings

SB-12 SB-20
SB-13 SB-21
SB-14 SB-22
SB-15 SB-23
SB-16 SB-24
SB-17 SB-72
SB-18 SB-73
SB-19 SB-101
DOE/Grand Junction Projects Office Remedial Investigation Report
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2.5 Landfill No. 3

2.5.1 Site Description

Landfill No. 3 encompasses approximately 3 acres west of Landfill No. 1, adjacent to
Meandering Road Creek (see Figure 2.3.1-1). The landfill was used from 1942 to 1945
for the disposal of a variety of wastes including hazardous liquid wastes consisting of
mixed oils and solvents. Some of these wastes were burned in at least one small pit
within the landfill. From 1945 to 1966, the landfill was inactive. Fill dirt and rubble
were used to fill and grade Landfill No. 3 from 1966 to 1967.

Results of soil sampling from soil borings and groundwater sampling from monitoring
wells show that the soils contain anomalous concentrations of VOCs and petroleum
hydrocarbons. Results also indicate the groundwater is contaminated with cyanide,
metals, VOCs, semi-VOCs, fuel hydrocarbons, and oil and grease. Two monitoring wells
in the landfill once contained a large amount of fuel-related floating product and solvent-
related free product.

The major contaminants appear to be confined to a relatively small area within the
landfill. Aerial photographs indicate the area of concern was at one time an open
drainage channel extending from Bomber Road west to Meandering Road Creek. This
channel contains a storm sewer that runs roughly east-west. The channel has been filled
and leveled, covering the storm sewer. The following contaminants were found in
Landfill No. 3 in concentrations that exceed Federal MCLs:

¢ Acenaphthene ¢ Fluorene e Tetrachloroethene

e Arsenic e Lead e Toluene

¢ Chromium ¢ Methylene chloride ® rans-1,2-Dichloroethene
e 1,2-Dichlorobenzene ¢ Naphthalene e Trichloroethene

¢ 1,4-Dichlorobenzene ¢ Phenanthrene ¢ Vinyl chloride

2.5.2 Field Investigations

Results of soil sampling and groundwater sampling during previous investigations indicate
that both media are contaminated with fuel and solvents. In two monitoring wells at the
site, F-214 and HM-38, solvent-related products were detected. Table 2.1-1 lists reports
prepared from the previous investigations.

The main objectives of the current investigation at Landfill No. 3 were to (1) define the
lateral extent of contamination and delineate the extent of contaminants in concentrations
exceeding Federal MCLs, (2) determine the location(s) and concentration of contaminants
discharging from the upper zone into the Meandering Road Creek, and (3) characterize the
hydrologic flow system at Landfill No. 3.

DOE/Grand Junction Projects Office Remedial Investigation Report
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Previous investigations had roughly defined the extent of contamination. However,
additional soil borings were necessary to better define the lateral extent of contamination.
Previous investigations also did not adequately define the flow characteristics of the
groundwater at Landfill No. 3. This flow information was necessary to determine
contaminant fate and transport as well as risk to human health and the environment. More
information was obtained on the concentration of contaminants being discharged to and
received by the Meandering Road Creek drainage; this information was necessary for the
risk assessment and evaluation of remedial action alternatives.

2.5.2.1 Soil Sampling and Lithologic Logging

A sampling grid was established on 100-foot centers across Landfill No. 3. Sixteen soil
borings (see Table 2.5.2-1) were drilled and sampled at grid points to define the lateral and
vertical extent of contamination. The borings were drilled from the surface to the top of the
Walnut Formation. Composite soil samples were collected for each 2-foot interval to the
top of the water table. The composite samples were analyzed for semi-VOCs, oil and
grease, and metals. Samples collected for VOCs were not composites but were grab
samples from each 2-foot interval.

Table 2.5.2-1 Landfill No. 3 Soil Borings/Monitoring Wells

SB-25 SB-33
SB-26 SB-60
SB-27 SB-61
SB-28 SB-62
SB-29 SB-63
SB-30 W-129 (also a temporary monitoring well)
SB-31 W-130 (also a temporary monitoring well)
SB-32 W-132 (also a temporary monitoring well)

Three soil borings were selected for the installation of temporary monitoring wells for
water-level measurements and two rounds of groundwater sampling. The groundwater
was analyzed for VOCs, semi-VOCs, TPH, and metals. Data from the temporary wells
provided groundwater flow and water-quality data to be used in contaminant

transport modeling. Temporary monitoring wells were constructed the same as other
monitoring wells except a 4-inch concrete pad was not constructed around the well vault.
The temporary monitoring wells will remain in place following the remedial
investigation.
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2.5.2.2 Groundwater Sampling

To determine if contaminants from upper-zone discharge are migrating to the Paluxy
Aquifer, one monitoring well (P-29M) was installed within the middle portion of the
Paluxy Aquifer west of Landfill No. 3. A groundwater sample was collected after well
completion and development, and again one month later. Each sample was analyzed for
VOC:s, semi-VOCs, TPH, and metals.

2.5.2.3 Nonaqueous Phase Liquids (NAPL) Sampling

LNAPL had previously been identified in monitoring wells F-214 and HM-38; LNAPL
were found during the Geotech investigation in HM-38 in Landfill No. 3. DNAPL were
detected in F-214 and W-130. A VOC sample collected from F-214 identified the
DNAPL as mainly TCE and toluene.

2.5.2.4 Groundwater Seep Sampling

Groundwater from four seeps, SW-8 through SW-11, downgradient of the landfill along
Meandering Road Creek, was sampled to estimate the amount and relative
concentrations of contaminants discharging from the upper zone into the Meandering
Road Creek drainage. Seep samples were analyzed for VOCs, semi-VOCs, TPH, and
metals. Figure 2.5.2-1 shows the location of the seep sampling locations.

2.5.2.5 Creek Channel Soil and Sediment Sampling

Channel soil and sediment sampling was conducted across the Meandering Road Creek
drainage (Figure 2.5.2-2) to determine contaminant distribution from a possible point of
upper-zone discharge to the present stream channel. Seven samples were collected from
the creek bank and edge of the landfill, west of monitoring well F-214, to a location

10 feet from the creek. This sampling location area was selected because F-214 is
contaminated and is near an existing drainage channel that has been backfilled to level
the landfill. This location also provided a worst-case example of soil contamination on
the edge of the landfill. Samples were collected from the surface to a depth of 2 feet.
Soil and sediment samples were analyzed for VOCs, semi-VOCs, oil and grease, and
metals.

2.5.2.6 Single-Well Aquifer Testing

Aquifer tests were performed on two monitoring wells, HM-27 and P-29M, that were
properly completed and not previously-tested, to determine hydraulic conductivity and
groundwater flow velocity of the upper zone at Landfill No. 3. The aquifer tests were
performed using the slug withdrawal method. Wells with free product or minor amounts
of water were not suitable for testing.
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2.5.2.7 Water- and NAPL- Level Measurements

Prior to sampling from new and existing monitoring wells, measurements were made
using an interface probe to determine the presence or absence of free-floating product.
The interface probe was then used to detect any DNAPL present and to measure depth
to bottom of the well to determine silt accumulation.

2.6 Landfill No. 4

2.6.1 Site Description

Landfill No. 4 is located near the southwest boundary of the Plant 4 facility (see

Figure 2.6.1-1). This landfill occupies approximately 2 acres of land west of Meandering
Road. Landfill No. 4 utilized a low area adjacent to Meandering Road Creek for the
disposal of construction rubble from 1956 to the early 1980s. Evidence (Radian 1987)
suggests that other types of wastes may have been disposed from 1966 until
approximately 1973. These wastes are thought to have included small quantities of
hazardous wastes such as solvents, oils, fuels, and thinners.

VOCs and other organic compounds were reported during interviews (CH2M Hill 1984)
but were not confirmed in subsequent field investigations. On the basis of IRP Phase 1I
investigations, a "No Further Action" remedial action alternative was recommended.

Soil samples, however, were not previously collected at this site. Based on a review of
aerial photographs of the landfill when it was still in use, it appears that materials other
than construction rubble were deposited in the landfill. Because the landfill is located
on the Meandering Road Creek flood plain, a potential exists for migration of
contaminants into the surface waters of Meandering Road Creek.

2.6.2 Field Investigations

Although this site was recommended for "No Further Action," there was not sufficient
data to support this decision. The decision was based solely on groundwater monitoring
data from two monitoring wells, with one (HM-5) being in the upper (upgradient)
portion of the landfill and the other (HM-9) being downgradient of the landfill

(see Plate 1). The objective of the sampling at Landfill No. 4 was to evaluate whether
leachate was flowing from the landfill into the adjacent soils on the flood plain of
Meandering Road Creek.

Five soil borings (see Table 2.6.2-1) were evenly spaced on top and along the length of
Landfill No. 4 to collect representative soil samples (see Figure 2.6.1-1). Soil borings
were drilled to bedrock with samples collected at 2-foot intervals (i.e., 2 to 4, 4 to 6,
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Table 2.6.2-1 Landfill No. 4 Soil Borings/Monitor Wells

SB-001 SB-003 SB-005 GMI-0IM GMI-04M
SB-002 SB-004 GMI-02M  GMI-05M
GMI-03M

6 to 8, and 8 to 10 feet below the surface). With the exception of the samples for VOCs,
each 2-foot interval was composited and analyzed for semi-VOCs, oil and grease, and
metals. Samples for VOC analysis were grab samples from each 2-foot interval and were
collected immediately upon opening the split barrel. Lithologic logs were completed
while drilling to determine depths of fill and to observe any visible contamination.

Geo-Marine, Inc., drilled five two-inch monitor wells (see Table 2.6.2-1) in July 1994,
along the top of Landfill No. 4 for collection of soil and groundwater samples.
Figure 2.6.1-1 shows the location of these monitor wells.

The wells were drilled to bedrock with soil samples collected at approximately 5-foot
intervals. Only one well, GMI-05M, contained enough water to be developed. All
samples were analyzed for VOCs, semi-VOCs, oil and grease, total petroleum
hydrocarbons, and metals. Soil logs were completed for each well to determine depths
of fill and to observe any visible contamination.

2.7 Fire Department Training Area No. 2 (FDTA-2)

2.7.1 Site Description

FDTA-2 was a 50-foot-diameter earthen ring located north of Landfill No. 1 in the west
parking lot (see Figure 2.3.1-1). This location was used for fire training exercises from
1955 to 1956. Exercises were held twice a year with approximately 250 gallons of waste
oils and fuels used for each exercise. It is suspected that disposal of oils and fuels and
uncontrolled burns may have been more frequent (CH2M Hill 1984). This site has been
graded and paved to provide parking.

Both soil and groundwater analyses indicate that fuel-related contamination is present at
FDTA-2. Groundwater collected from the center of FDTA-2 was found to contain
contaminants that indicate the presence of solvent-related free product. Contaminants at
FDTA-2 with levels exceeding Federal standards are TCE, dichloroethene (DCE),

and toluene.
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2.7.2 Field Investigations

Previous investigations did not define the lateral and vertical extent of contamination.
Also, the hydraulic parameters of the upper zone in the area of FDTA-2 were not
adequately defined.

Four soil borings (see Table 2.7.2-1) were drilled surrounding monitoring well HM-51,
which is located near the approximate center of FDTA-2. The borings were located

25 feet north, south, east, and west of the existing well. In a variance from the Final
Sampling and Analysis Plan, four additional soil borings that were to have been drilled to
aid in the determination of the full extent of contamination were not completed. Based
on field screening of sample material from the four boreholes, elevated levels of
contaminants were not detected. Because contamination in the vadose zone associated
with a fire training area would be localized and would tend to migrate downward to the
water table, the four extra borings were not drilled. Water samples from four
downgradient monitor wells (F-213, HM-49, HM-65, and HM-66) also did not indicate
elevated levels of contaminants associated with a fire training area.

Table 2.7.2-1 FDTA-2 Soil Borings

SB-68 SB-70
SB-69 SB-71

Soil samples were collected from the borings to determine the vertical extent of
contamination and to provide preliminary information on the horizontal extent of
contamination. The soil samples were collected from the surface to the top of the water
table in 2-foot intervals. Lithology logs were prepared to describe visual contamination
and examine depths of previous excavations. Grab samples for VOC analysis were
collected from each interval, and the remaining material was composited and analyzed
for semi-VOCs, petroleum hydrocarbons, and metals. If present, groundwater was bailed
from each borehole and analyzed. The boreholes were left standing for several hours
(and in at least one case overnight), to allow water to accumulate, but there was
insufficient water to analyze.
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2.8 Fire Department Training Area No. 5 (FDTA-5)

2.8.1 Site Description

FDTA-S, located south of Facilities Building No. 12 (see Figure 2.3.1-2), consisted of a
shallow pit about 35-feet wide by 45-feet long that received waste fuels, oils, and

unspecified chemicals that were burned for fire extinguisher training exercises during the
mid-1960s.

Previous analytical results of soil samples collected from two soil borings (see

Table 2.1-1) within the pit area indicate that the shallow soils did not contain anomalous
concentrations of contaminants. Groundwater samples, however, contained anomalous
concentrations of VOCs, semi-VOCs, and fuel hydrocarbons. Fuel-related product was
observed in a monitoring well in the vicinity of FDTA-5. Arsenic was also detected in
monitoring wells at FDTA-5 in concentrations exceeding drinking water standards.

2.8.2 Field Investigations

Although previous investigations indicated the soils at FDTA-5 were not contaminated,
additional soil sample data was needed to confirm these initial findings. If the soils are
not contaminated, the groundwater contamination found in the FDTA-5 area may be
related to a different upgradient source of contamination. Additional groundwater data
were needed from upgradient and downgradient monitoring wells to determine if
FDTA-S5 is a source area for groundwater contamination. Aquifer testing was needed to
characterize the hydraulic parameters of the upper zone in the FDTA-S area to allow
modeling of groundwater flow and contaminant transport.

2.8.2.1 Soil Sampling and Lithologic Logging

Five soil borings (see Table 2.8.2~-1) were drilled at FDTA-S5 to help define the lateral
extent of soil contamination. The soil borings were located 50 feet northeast, northwest,
southeast, and southwest of monitoring well HM-25, which is located near the reported
center of the training area. The borings were drilled to the top of the water table, and
soil samples were collected in 5-foot intervals. Samples for VOC analysis were grab
samples taken from each 5-foot interval. The remaining samples were composite
samples representing the entire S-foot interval. Composite samples were analyzed for
semi-VOC:s, oil and grease, and metals.

2.8.2.2 Groundwater Sampling

The northeast and southwest soil borings were extended to the top of the Walnut
Formation using the same method (hollow-stem auger drilling) used to reach the top of
the water table. These two borings, completed as monitoring wells, were constructed to
enable sampling of discrete intervals for DNAPLs. Another monitoring well was
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Table 2.8.2-1 FDTA-5 Soil Borings/Monitoring Wells

SB-64
SB-65 Converted to W-131U
SB-66
SB-67 Converted to W-133U
SB-78 Converted to W-133L

installed adjacent to each of these wells in order to detect LNAPLs and soluble organic
compounds. The samples were analyzed for VOCs, semi-VOCs, and metals. The
LNAPL well at W-133U, completed in the Goodland Formation, was dry and could not
be sampled for groundwater. The southwestern wells (W-131L and W-131U) were used
to determine if upgradient sources were contributing to contamination found in
monitoring well HM-25. The northeast well (W-133L) was used to assess the
contribution of FDTA-S to downgradient groundwater contamination.

2.8.2.3 Water-Level Measurements and NAPL Sampling

All fluid level measurements were made using an interface probe capable of detecting
thin layers having different conductivities. No NAPL layers were detected during the
Geotech investigation in FDTA-5. Water levels in existing nearby wells were checked to
determine current water levels at the time of well installation.

2.8.2.4 Single-Well Aquifer Testing

Aquifer tests were performed on the new monitoring wells, W-131U and W-133L, to
determine flow directions and hydraulic parameters in the upper zone at FDTA-S.
Aquifer tests were completed using the slug-withdrawal method.

2.9 Fire Department Training Area No. 6 (FDTA-6)
2.9.1 Site Description

FDTA-6 was the primary training area at Plant 4. It was located on the northwestern
side of Plant 4 adjacent to Meandering Road and Lake Worth (see Figure 2.3.1-3).
FDTA-6 consisted of a 50-foot-diameter gravel-lined ring that was approximately 2-feet
deep and surrounded by an earthen berm (Hargis & Montgomery 1983). The training
area was used from the late 1950s to 1980 for periodic training exercises that used
approximately 250 gallons of waste fuels and oils per exercise. Before 1970, training
exercises were conducted twice a year; after 1970, exercises were conducted monthly
(Radian 1987). The IRP Phase I investigation (CH2M Hill 1984) indicated that
unknown quantities of fuels and oils were likely deposited in FDTA-6 between training
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exercises. Analytical results from previous investigations indicated that the soils at
FDTA-6 are contaminated with VOCs, semi-VOCs, fuel hydrocarbons, and oil and
grease. No groundwater samples were collected in the immediate area of FDTA-6
because no upper-zone groundwater exists in the area. Bedrock in the FDTA-6 area is
approximately 3 feet below the surface.

During the Geotech investigation, it was noted that the area of FDTA-6 was used as a
temporary storage area for fill dirt. This fill material was piled over an area covering
part of the former FDTA-6 site and the area directly to the south. This material was
removed by May 1991.

2.9.2 Field Investigations

Interim remedial action was performed at FDTA-6 in 1982 and 1983 when oil and fuel
contaminated soils were removed and hauled to an approved hazardous waste landfill.
Although most of the contamination may have been removed, there were insufficient
data to verify contamination no longer exists at FDTA-6.

Analytical results of previous investigations indicated that the soils around FDTA-6 are
contaminated with VOCs, semi-VOCs, fuel hydrocarbons, and oil and grease. The
following list of contaminants were identified at FDTA-6:

¢ Bis(2-ethylhexyl)phthalate
¢ Di-n-butyl phthalate

¢ Diethyl phthalate

¢ Fuel-related hydrocarbons
* Naphthalene

¢ Oil and grease

* Phenanthrene

¢ Trichloroethane

2.9.2.1 Soil Sampling and Lithologic Logging

To confirm that FDTA-6 does not pose a threat to human health or the environment,
additional information was obtained to define the overall extent of contamination.

On the basis of a review of information concerning the interim remedial action, four soil
borings (see Table 2.9.2-1) were drilled around the perimeter of the excavated portion
of FDTA-6 (see Figure 2.3.1-3). Walnut Formation limestones were encountered at
depths of 2 to 4 feet below the surface in all FDTA-6 borings. The borings were drilled
to the top of the Walnut Formation and a single soil sample was collected; VOCs were
collected immediately from grab samples and the remaining sample material was
composited over the entire length of the boring. The composite samples were analyzed

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 Page 2-50



264104

for semi-VOC:s, oil and grease, and metals. In addition, a single boring was drilled in the
approximate center of the excavated portion of FDTA-6, to determine if contamination
exists below the excavated zone. This boring was sampled and analyzed using the same
protocol specified for the other borings at FDTA-6.

Table 2.9.2-1 FDTA-6 Soil Borings

SB-094 SB-097
SB-095 SB-098
SB-096

If present, groundwater was sampled to determine groundwater quality; however, no
groundwater was encountered at this site.

2.10 Chrome Pit No. 3
2.10.1 Site Description

From 1957 to 1973, Chrome Pit No. 3, located on the Radar Range west of Facilities
Building No. 12 (see Figure 2.3.1-2), was used for the disposal of chromate sludge,
barium-chromate sludge, dilute metal solutions, and drums of unidentified liquids from
1957 to 1973. The pit measured 66-feet wide by 165-feet long by 22-feet deep.

As an interim remedial action during December 1983 and January 1984, approximately
8,900 cubic yards of contaminated soil were excavated and removed from Chrome

Pit No. 3. Analytical results of samples collected during the excavation indicate that the
greatest concentrations of contaminants were removed. However, some contaminants
may have remained in the soils and groundwater adjacent to the excavated portion of the

pit.

Analytical results from soil and groundwater samples previously collected in or near
Chrome Pit No. 3 indicate that the following contaminants were present in
concentrations exceeding Federal standards:

Bis(2-ethylhexyl)phthalate
Chromium

Cyanide

Diethyl phthalate
Trichloroethene
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2.10.2 Field Investigations

Although remedial action was performed at Chrome Pit No. 3, the number of samples
collected within the excavated area was insufficient to determine if the site no longer
poses a threat to human health or the environment.

Additional sampling of the shallow subsurface was conducted in December 1989 when
11 soil borings were drilled and sampled adjacent to the Chrome Pit No. 3 excavated
area (Versar Inc. 1990). The results from this sampling are combined with the results of
the 1991 RI/FS investigation to make a final remedial action alternative decision.

The December 1989 soil sampling was concentrated around the perimeter of the former
excavation and an area to be occupied by a proposed chemical waste treatment process
building. Borings were drilled to a nominal depth of 10 feet with samples collected over
2-foot intervals. Samples for VOC analysis were grab samples whereas the remainder of
the samples represented composites of each 2-foot interval. The samples were analyzed
for VOCs, semi-VOCs, and metals (including hexavalent chromium). Analytical results
for the 1989 samples indicated that no contaminants above background concentrations
were present in Chrome Pit No. 3 soils. Geotech collected one additional soil sample
from SB-134 at a depth of 26 to 29 feet and analyzed the sample for VOCs, semi-VOCs,
metals, and cyanide.

2.10.2.1 Groundwater Sampling

Previous investigations included installation of several monitoring wells in and near
Chrome Pit No. 3; Geotech installed three monitoring wells (see Table 2.10.2-1).
Monitoring well HM-1 was destroyed when the interim action occurred. However,
because contamination was previously identified in groundwater in Chrome Pit No. 3,
one upgradient and one downgradient monitoring well were installed to help determine
the source of groundwater contaminants in the Chrome Pit No. 3 area. The monitoring
wells were completed to allow sampling of discrete intervals for LNAPLs, DNAPLs, and
soluble organic compounds. Monitoring well W-150U was drilled approximately five
feet from W-150L.

Table 2.10.2-1 New Chrome Pit No. 3 Monitoring Wells

W-150U (Dry)
W-150L (SB-134)
W-154 (SB-141)
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Groundwater samples were collected in September and October 1991 and analyzed for
VOCs, semi-VOCs, and metals. Groundwater samples also were collected from existing
wells HM-14, HM-16, HM-24, and HM-30, and analyzed to verify previously detected
contaminants.

2.10.2.2 Single-Well Aquifer Testing

Aquifer tests were performed on existing well HM-17. The new monitoring wells did
not contain sufficient water to allow a valid aquifer test. Aquifer tests were conducted
using the slug withdrawal method.

2.10.2.3 Water-Level Measurements

Water levels were measured at various times during the Geotech investigation (see
Appendix D). No LNAPLs or DNAPLs were detected in the Chrome Pit No. 3 area
during the Geotech investigation.

2.11 Die Yard Chemical Pits (DYCP)
2.11.1 Site Description

The DYCP site is located east of the Radar Range and south of Facilities Building

No. 12 (see Figure 2.3.1-2). Three pits with approximate dimensions of 20-feet wide by
90-feet long and 10-feet deep were constructed in 1956 and were used for the disposal of
chromate sludges, metal solutions, and other chemical wastes. In 1962, the site was
graded and the entire area was paved for parking (Lot No. 9). On the basis of the IRP
Phase I investigation, it is suspected that contaminated soils from the pits may have been
spread around the area during the grading activities. The area encompassing the original
pits was excavated, and 1,100 cubic yards of contaminated soil were removed and
transported to an approved hazardous waste landfill for disposal (CH2M Hill 1984).
Confirmation sampling was not conducted to verify that the area was adequately
remediated.

2.11.2 Field Investigations

Sampling and analysis of the soils in the entire DYCP area were performed to determine
if contaminants exceeding background concentrations are present and if they are present,
their lateral and vertical extent. Results of previous investigations indicate that
contaminants were still present following the interim remedial action of the pits.
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On the basis of previous investigations, the following contaminants in concentrations
exceeding Federal standards are present in the DYCP:

® Methylene chloride
Trichloroethene
e Toluene

2.11.2.1 Soil Sampling and Lithologic Logging

Nine soil borings (see Table 2.11.2-1) were drilled in the area of the excavated pits to
determine the lateral and vertical extent of contamination. No soil borings were drilled
on the west side of the former pits because of extensive underground utilities in the area.
The borings were drilled to the top of the water table and soil samples were collected
from S-foot intervals beginning at the surface. Samples for VOC analysis were grab
samples collected immediately upon opening the split-barrel sampler; the remaining
samples were collected as composites from each S-foot interval. The composite samples
were analyzed for metals, cyanide, and semi-VOCs. The soil borings in the central
portion of the excavated pits were sampled from the 15 to 20 and 20 to 25 foot

intervals only.

Table 2.11.2-1 DYCP Soil Borings/Monitoring Wells

SB-006 SB-057

SB-007 SB-058

SB-008 (W-128U) SB-059

SB-009 SB-150 (W-128L)
SB-010

2.11.2.2 Groundwater Sampling

Upper-zone monitoring wells HM-3A, HM-3B, HM-4A, and HM-4B were installed
within the former pits site and were destroyed when the pits were excavated. There are
also four existing monitoring wells around the former pits site: HM-12, HM-24, HM-25,
and HM-28. However, groundwater contamination was not adequately characterized
during previous investigations and the hydrologic flow system at the site also was not
characterized. Additional monitoring wells were needed to assist in determining whether
groundwater contamination in the DYCP area could be attributed to the former pits or
whether it resulted from other upgradient sources.
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During the RI field investigations, one of the soil borings (SB-150) on the east side of
the DYCP was completed as an upper-zone monitoring well (W-128L) to evaluate the
groundwater quality immediately downgradient of the former pits. The monitoring well
was completed to allow sampling of discrete intervals for DNAPLs and soluble organic
compounds. Monitoring well W-128U (dry) was installed to detect any LNAPL layer
present. A groundwater sample also was collected from existing well HM-~24, which is
located upgradient of the site. Samples were analyzed for VOCs, semi-VOCs, metals,
and cyanide.

2,11.2.3 NAPL Sampling

Interface probe measurements did not indicate any LNAPL or DNAPL layers in
W-128L during the Geotech investigation. Lithologic logging of soil samples did not
indicate the presence of separate liquid phase layers in the DYCP area.

2.11.2.4 Single-Well Aquifer Testing

Slug withdrawal tests were performed on well W-128L to determine hydraulic
parameters of the upper zone. Nearby wells HM-12, HM-28, HM~17, W-131U, and
W-133L also were tested to determine hydraulic conductivity in this area.

2.12 Fuel Saturation Area No. 1 (FSA-1)
2.12.1 Site Description

FSA-1 is located just west of the Parts Plant and east of Facilities Building No. 14

(see Figure 2.3.1-1). The ground at this location reportedly became saturated by leaking
fuel lines from the mid-1970s to the early 1980s. The saturated area is immediately
north of a former UST site where three fuel tanks (containing JP-5 and gasoline) and a
fuel pumping station were removed prior to 1988. A 4-inch JP-4 pipeline also passed
through the FSA-1 area with several bends at this location. This pipeline was
abandoned and filled with concrete.

Analytical results from soil samples collected from one soil boring at the site indicated
that the soils are contaminated with fuel-related hydrocarbons. Groundwater collected
from monitoring wells in the FSA-1 area also contained anomalous concentrations of
VOCs, semi-VOCs, fuel-related hydrocarbons, and metals. Four existing monitoring
wells have fuel-related floating product. Table 2.1-1 lists reports from the previous
investigations.
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Contaminants previously identified at the FSA-1 site with concentrations exceeding
Federal standards are as follows:

e Benzene

e Ethylbenzene

e Toluene

e Trichloroethene
e Chromium

2.12.2 Field Investigations
2.12.2.1 Soil-Gas Sampling

Before the soil sampling/monitoring well installation phase of the Geotech investigation
began, a soil-gas survey was conducted in the FSA-1 area to better define the overall
lateral extent of fuel-related contamination. A sampling grid was marked to cover the
previously defined area of contamination. Sample points were placed every 10 feet and
soil-gas samples were collected from a depth of 4 feet at the sample locations. A hollow
steel rod was used to measure VOCs in the soil gas using a PID and TPH colorimetric
indicator tubes. Several locations also were sampled with an activated charcoal
adsorption tube for laboratory analysis of VOCs. The grid was extended when the
previously defined extent of contamination was found to be too small (see

Section 4.3.11). The extent of contamination defined by the soil-gas sampling was used
to determine placement of the soil sampling boreholes.

2.12.2.2 Soil Sampling and Lithologic Logging

The extent of contamination as defined by the soil-gas survey was extended beyond the
previously defined area. Nine soil borings were drilled and sampled in FSA-1 (see
Table 2.12.2-1). The borings were drilled to the top of the water table and soil samples
collected from 5-foot intervals. The samples to be analyzed for VOCs were grab samples
whereas the remaining samples were taken from composites of each 5-foot interval. The
composite samples were analyzed for semi-VOCs, TPH, and metals.

Table 2.12.2-1 FSA-1 Soil Borings/Monitoring Wells

SB-044 SB-114
SB-079 (W-136) SB-116

SB-109 (W-139L)  SB-118

SB-111 (W-141L)  SB-132 (W-147)
SB-112 (W-140L)
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2,12.2.3 Groundwater Sampling

Five of the nine soil borings were completed as upper-zone groundwater monitoring
wells. The wells were completed in a way that allows sampling of discrete intervals for
LNAPLs, DNAPLSs, and soluble organic compounds. Both W-139 (U & L) and W-141
(U & L) were completed with two wells drilled at each location: one for DNAPL and
soluble analytes, and one for LNAPL sampling. Because wells with floating product may
be added to a treatment system installation of 4-inch-diameter wells was required.
Remaining wells were installed as single-completion wells. Samples were obtained from
wells once a month for two months to determine groundwater quality (September and
October, 1991). One sample containing floating product from FSA-1 was analyzed to
determine the type of product and the probable source. Groundwater was analyzed for
VOCs, semi-VOCs, and fuel hydrocarbons.

2.12.2.4 NAPL Sampling

Floating product was identified in monitoring well W-139U. One sample of floating
product from W-139U was analyzed to determine what type of product was present and
the possible source of the contamination. The analytical results were compared to the
analysis of pure product samples of JP-4, JP-5, unleaded gasoline, fuel oil, and diesel
fuel. The chromatogram of the W-139U product is closest to weathered JP-4 fuel.

2.12.2.5 Single-Well Aquifer Testing

Slug withdrawal tests were performed on all new monitoring wells. The results were
compared with aquifer test data from existing wells to define the hydraulic parameters of
the upper zone at the FSA-1 area.

2.12.2.6 Water- and NAPL-Level Measurements

Water-level measurements were taken prior to sampling from all wells in the FSA-1
area for determination of groundwater flow directions and flow velocity. All fluid-level
measurements were made using an interface probe capable of detecting thin layers
having different conductivities. Floating product was detected in monitoring well
W-139U (see Appendix D).

2.13 Fuel Saturation Area No. 2 (FSA-2)
2.13.1 Site Description
FSA-2, located northwest of Facilities Building No. 176 (see Figure 2.3.1-3), is a site

that reportedly was saturated in the 1970s and early 1980s by fuels leaking from a buried
fuel pipeline.
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From five soil borings that were drilled and sampled during previous investigations
(see Table 2.1-1), only one shallow soil sample was reported to contain anomalous
concentrations of VOCs and fuel hydrocarbons, none exceeding current Federal
standards. Samples from one of two groundwater monitoring wells in the FSA-2 area
also contained only trace amounts of fuel hydrocarbons.

2.13.2 Field Investigations

Although soil and groundwater contamination at FSA-2 does not appear to be extensive,
additional information was needed to determine the lateral and vertical extent of
contamination. Field investigations consisted of soil-gas surveys followed by drilling of
five soil borings and installation of one monitoring well.

2.13.2.1 Soil-Gas Sampling

A soil-gas survey was conducted as a screening tool over the FSA-2 area. The survey
was conducted using a 20-foot grid spacing, with the grid set up over the previously
identified extent of contamination. Soil-gas measurements were made at selected grid
points depending on the levels of contamination detected. Very little soil-gas
contamination was detected in the FSA-2 area. A Geoprobe® sampling unit was used to
drive steel rods to a depth of 4 feet where possible. An air sampling pump was used to
purge the sampling rod and associated tubing to ensure soil gas was collected from the
appropriate zone. A PID was calibrated and used to measure VOCs. In addition,
Draeger colorimetric indicator tubes were used at each location to detect TPH. At 10
percent of the locations, a sorbent tube was used to collect a sample for laboratory VOC
analysis.

2.13.2.2 Soil Sampling and Lithologic Logging

Results of the soil-gas survey were used to guide the placement of soil borings. An EPA
representative reviewed previous data collected at FSA-2, evaluated results of the soil-
gas investigation, and, in agreement with Geotech, selected five soil boring locations in
the FSA-2 area (see Table 2.13.2-1). Three locations (SB-103, -104, and -105) were at
grid points where soil-gas measurements indicated anomalous concentrations of
contamination. One of these three locations (SB-103) was converted into monitoring
well W-135. Two more soil borings (SB-138 and -144) were drilled to the west of the
FSA-2 area in the parking lot west of the security fence. Soil borings were drilled from
the surface to the top of the bedrock, and samples were collected in 3-foot intervals.
Samples for VOC analysis were grab samples from each 3-foot interval. The remaining
samples were composites of each interval and were analyzed for semi-VOCs and TPH.
An additional monitoring well that was to have been placed downgradient of FSA-2 was
not completed due to the shallow bedrock (Walnut Formation at 4.5 feet) and lack of
groundwater downgradient of the site.
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Table 2.13.2-1 FSA-2 Soil Borings/Monitoring Wells

SB-103 (W-135) SB-138
SB-104 SB-144
SB-105

2.13.2.3 Groundwater Sampling

Groundwater samples from W-135 were analyzed for VOCs, semi-VOCs, TPH, and
total metals.

2.13.2.4 Single-Well Aquifer Testing

Aquifer testing was performed to characterize the hydraulic parameters of the upper
zone for use in groundwater and contaminant transport modeling. Monitoring well
W-135 produced water very slowly and was not suitable for aquifer testing. Instead,
monitoring well F-212 was tested for hydraulic conductivity using the slug
withdrawal method.

2.13.2.5 Water- and NAPL-Level Measurements

Fluid-level measurements made with an interface probe indicated that no LNAPL or
DNAPL layers were present in the FSA-2 area.

2.14 Fuel Saturation Area No. 3 (FSA-3)
2.14.1 Site Description

FSA-3, located immediately east of Meandering Road between Facilities Building
Nos. 157 and 142 (see Figure 2.3.1-3), is contaminated from buried fuel pipelines that
leaked during the 1970s and early 1980s. The FSA-3 area also has numerous
underground utilities and several UST sites.

Fuel-related floating product has been observed in 7 of 13 monitoring wells in the area.
Analytical results of groundwater samples show that the groundwater at FSA-3 contains
anomalous concentrations of VOCs, semi-VOCs, and fuel hydrocarbons.
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Contaminants previously found in FSA-3 at concentrations that exceed Federal
standards are:

Benzene
Chlorobenzene
Ethylbenzene
Naphthalene
Toluene
Trichloroethene

2.14.2 Field Investigations

Data from twenty monitoring wells obtained during previous investigations have provided
information throughout FSA-3 (see Table 2.1-1). However, additional soil sample data
were required around the perimeter of FSA-3 to better define the lateral and vertical
extent of contamination. In a variance from the Final Sampling and Analysis Plan, three
additional monitoring wells that were to have been installed at FSA-3 were not
completed because prior investigations provided sufficient data to define the extent of
contamination. Shallow bedrock to the west and northwest limited the investigation but
allowed definition of the extent of contamination. Previous investigations by Hargis +
Associates provided sufficient information to define the extent on the north side of the
site. The Geotech investigation concentrated on the south and east sides of FSA-3.

2.14.2.1 Soil-Gas Sampling

A soil-gas survey was conducted as a screening tool in the FSA-3 area to help define the
lateral extent of soil contamination. A sampling grid was established over the extent of
contamination as mapped by prior investigations. When contamination was found to
extend past the grid, selected points were investigated to define the extent of
contamination. Numerous underground utilities and storage of structural steel in the
areas investigated restricted the locations available for surveying.

Soil-gas samples were collected from a depth of 4 feet through a hollow steel rod drilled
with a Geoprobe® sampling unit. Measurements were made with a calibrated PID at
each location. A Draeger® colorimetric indicator tube also was used to sample for TPH
at each location. At 10 percent of the locations a sorbent tube was used to collect a
sample for laboratory VOC analysis.

2.14.2.2 Soil Sampling and Lithologic Logging

On the basis of previous data and the approximate extent of contamination outlined by
the soil-gas survey, 18 soil borings (see Table 2.14.2-1) were drilled at locations in the
FSA-3 area to help define the lateral and vertical extent of contamination. Soil samples
were collected at 3-foot intervals from the surface to the top of the water table. The
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samples collected for VOC analysis were grab samples from each 3-foot interval. The
remaining samples were composites of each interval. Composite samples were analyzed
for semi-VOCs and TPH. One sample from SB-149 was analyzed for toxicity
characteristic leaching procedure (TCLP) characteristics to determine the leachability of
contaminants for various remedial action technologies.

Table 2.14.2-1 FSA-3 Soil Borings

SB-084 SB-093
SB-085 (W-134) SB-102
SB-086 SB-107
SB-087 SB-108
SB-088 SB-113 (W-143)
SB-089 SB-115
SB-090 SB-117
SB-091 SB-148
SB-092 SB-149

2.14.2.3 Groundwater Sampling

Water quality data was also needed to help define the extent of contamination. This
included installation and sampling of new wells in addition to selected sampling of
existing wells.

Four additional monitoring wells were to be installed: two to the east and two to the
west of FSA-3. Where possible, soil borings were completed as monitoring wells.
Shallow bedrock west of FSA-3 prevented installation of any new monitoring wells on
that side. Two new wells were installed on the east side of FSA-3: W-143, in the North
Parking Lot, and W-134 which also provides information for the Jet Engine Test Stand
site. Well W-143 was planned as an upgradient well outside the FSA-3 area, but minor
amounts of contamination (fuel odor, elevated PID readings) at SB-102 (the original
planned site for W-143) forced relocation of the well to the east. Records showed a
1942 underground aviation gas line just east of SB-102.

Groundwater samples were collected from the new wells following completion and
development. Samples were analyzed for VOCs, semi-VOCs, and fuel hydrocarbons.

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 ‘ Page 2-61




2.14.2.4 Single-Well Aquifer Testing

Hydraulic parameters of the upper zone at FSA-3 were required for groundwater and
contaminant transport modeling. Aquifer tests were conducted on one new (W-143) and
two existing (F-208 and HM-105) monitoring wells. All aquifer tests were performed
using the slug withdrawal method. These data were used to determine the hydraulic
parameters of the upper zone at FSA-3. Well W-134 did not produce enough water to
permit an accurate aquifer test.

2.14.2.5 Water- and NAPL-Level Measurements

Water-level measurements were made to help determine flow directions at FSA-3.
Measurements were taken prior to each round of sampling from new monitoring wells
and from existing wells. Hydrologic data will be used in groundwater and contaminant
transport modeling. All fluid-level measurements were made with an interface-type
fluid-level meter.

2.15 Former Fuel Storage Area (FFSA)
2.15.1 Site Description

A 100,000-gallon above-ground aviation fuel storage tank, located near the center of the
Radar Range and used from the early 1940s to 1962, was suspected to have leaked. The
tank was removed from the site and relocated in 1962. This site has been identified as
the FFSA (see Figure 2.6.1-1).

Sampling of soils and groundwater at the site in 1982 indicated that both media were
contaminated by semi-VOCs and oil and grease. In addition, anomalous concentrations
of nickel were present in a monitoring well located south of the area (HM-14).
Subsequent sampling during IRP Phase II investigations indicated that no significant
contamination is present at the site and a recommendation for a "No Further Action"
remedial action alternative was made.

2.15.2 Field Investigations

One test hole, TH-9, and monitoring well HM-8, were drilled in December 1982 at the
previous site of the fuel tank (see Table 2.1-1). In January 1986, monitoring well
HM-100 was installed downgradient of the Former Fuel Storage Area (FFSA).
Although the site was recommended for "No Further Action," additional soil and
groundwater sampling was needed to confirm previous results and to provide additional
data on the extent of any contamination at the site.
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2.15.2.1 Soil Sampling and Lithologic Logging

Four soil borings (see Table 2.15.2-1) were drilled 25 feet north, south, east, and west of
monitoring well HM-8 (see Figure 2.6.1-1) where contamination was previously detected
to determine the lateral and vertical extent of contamination. Two borings were drilled
from the surface to the top of the water table (SB-074 and -075) with samples collected
at 5-foot intervals. In a variance from the Final Sampling and Analysis Plan, the two
other borings were only drilled to a depth of 16 and 20 feet. During the field
investigation, a decision was made by the project hydrologist not to drill SB-076 and
-077 to the water table based on two reasons: (1) visual contamination (oil stained soil)
at the FFSA was only observed to a depth of 3 feet and (2) based on the groundwater
flow direction, contaminants would flow toward the two deeper borings. At least two
additional S-foot composite samples were collected below the deepest level of
contamination in each of the shallow borings.

Samples for VOC analysis were grab samples from each S-foot interval. Other samples
were composited over each 5-foot interval. Composite samples were analyzed for fuel
hydrocarbons and oil and grease.

Table 2.15.2-1 FFSA Soil Borings

SB-074 SB-076
SB-075 SB-077

2.15.2.2 Groundwater Sampling

An additional groundwater sample was collected from monitoring well HM-14 and
analyzed for nickel to confirm results of previous sampling. Prior to sampling for nickel,
a submersible pump and associated piping were removed from well HM-14. The
removed pump and piping were in good condition.

2.16 Jet Engine Test Stand (JETS)
2.16.1 Site Description

The JETS site, located northeast of Facilities Building No. 142 and east of Meandering
Road (see Figure 2.3.1-3), was identified by Radian (1987) during the IRP Phase II
investigations as a site containing fuel-related contamination in soils and groundwater.
The site is located north of a fuels test area and an area of known fuel

contamination (FSA-3).
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There appear to be several possible sources for contamination at the JETS. Facilities
Building No. 21, the JETS constructed a sump in 1975 to collect water for cooling, noise
suppression, and building cleanup. The water is pumped to an industrial waste line.
Adjacent to the site and Building No. 21 were two underground tanks once used for fuel
storage. Immediately north of the JETS is an active underground JP-4 tank. Both the
sump and the removed tanks were suspected sources of contaminants. Soil samples
collected from five borings in the vicinity of the JETS contained anomalous
concentrations of fuel hydrocarbons and oil and grease. Groundwater samples collected
from four monitoring wells in the vicinity of the JETS indicated that two of the wells
contained fuel-related hydrocarbons.

Contaminants previously identified in samples from the JETS site that have
concentrations in excess of Federal standards are:

Oil and grease
e TPH

2.16.2 Field Investigations

Although the site was formerly recommended for "No Further Action," previous data
indicate that contaminants are present at the site. Three monitoring wells were installed
near the JETS in August 1986 (Radian 1987): HM-105, HM-107, and HM-108. Two
soil borings also were drilled in August 1986 by Radian: SB-9 and SB-10. Boring SB-9,
which was drilled 6 feet south of two underground tanks (UST 25A - removed),
encountered liquid hydrocarbons. Additional soil borings and soil samples were needed
to better define the extent of contamination. During the RI, seven soil borings (see
Table 2.16.2-1) were drilled in the JETS area. Four of these were drilled to investigate
the former underground tanks (UST Site 25A) next to Building 21. One soil boring,
SB-085, was converted to monitoring well W-134,

Table 2.16.2-1 JETS Soil Borings/Monitoring Wells

SB-041 UST-25A
SB-085 (W-134)
SB-099 UST-25A
SB-100 UST-25A
SB-106 UST-25A
SB-107

SB-108
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2.16.2.1 Soil Sampling and Lithologic Logging

Three soil borings (SB-08S, -107, and -108) were drilled and sampled around the
perimeter of the JETS. In a variance from the Final Sampling and Analysis Plan, one
boring to the north of the JETS was not drilled. The area immediately north of the
JETS has many underground utilities prohibiting subsurface investigations and when
clear of the utilities, the borehole would be located very close to SB-10 (Radian) or
HM-81. Data from SB-10 and HM-81 were used to delineate the extent of
contamination on the north side of the JETS.

Borings were sampled in 5-foot intervals from the surface to the top of the water table.
A grab sample for VOC analysis was taken from each interval. The remaining sample
was a composite of each 5-foot interval. Composite soil samples were analyzed for
semi-VOCs, petroleum hydrocarbons, and oil and grease.

2.16.2.2 Groundwater Sampling

Groundwater quality data were collected from existing wells located downgradient of the
site, a new monitoring well was installed upgradient of the site, and groundwater samples
were collected to determine if the site is contributing contaminants to the hydrologic
system. Temporary wells located downgradient of the JETS (see Figure 2.3.1-3) were
sampled to determine if the JETS area is contributing contaminants to the groundwater.
Groundwater samples were analyzed for VOCs, semi-VOCs, and petroleum
hydrocarbons. One monitoring well (W-134) was installed east of the JETS area to
determine upgradient groundwater quality.

2.16.2.3 Single-Well Aquifer Testing

To determine the hydraulic parameters of the upper zone in the JETS area, aquifer
testing using the slug withdrawal method was performed on existing wells F-208 and
HM-105. The new monitoring well, W-134, did not produce enough water to allow an
accurate aquifer test.

2.16.2.4 Water-Level Measurements

Water-level measurements were taken from existing wells and the new well prior to
sampling to better define the groundwater flow direction at the site. Measurement data
were used for groundwater flow and contaminant transport modeling. All measurements
were made with an interface probe. No NAPL layers were detected in the JETS area.
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2.17 Waste Water Collection Basins (WWCB)

2.17.1 Site Description

The WWCB, located south of the Process Building (Facilities Building No. 181), consist
of two plastic-lined concrete waste basins, each with an approximate capacity of

85,000 gallons, designed to collect and settle suspended solids from plant waste water
(see Figure 2.3.1-2). IRP Phase I investigations determined that several spills from
vapor degreasers in the Process Building (primarily TCE) have flowed to the basins via
floor drains. Other chemical spills may have entered the basins via the floor drains. The
integrity of the liner coating the concrete basins had not been evaluated for several
years. It was suspected that a crack in the basin floor or wall may have allowed
contaminants to leak to the surrounding soils.

Analytical results for groundwater samples previously collected from one monitoring well
(HM-47) southeast of the WWCB, indicate that the groundwater is contaminated with
VOCs and heavy metals. It is uncertain whether the VOCs in the groundwater at this
location can be attributed to the WWCB. The presence of TCE in the groundwater
indicates that the source is related to the Process Building (vapor degreaser spills). A
sanitary sewer line runs on an east-west line under the site and a storm drain, which runs
northwest-southeast, is located approximately 75 feet south of the WWCB. Other
upgradient sources, such as Chrome Pit No. 2 and the DYCP, may be the source of
heavy metals found in groundwater samples. Several organic compounds were present in
samples from the downgradient well including trans-1,2-dichloroethene, TCE, and
chlorobenzene.

2.17.2 Field Investigations

Solvent and other chemical spills may have entered the WWCB and, through leakage,
entered soils and groundwater. Groundwater downgradient of the WWCB was shown to
contain TCE, which is used extensively in the Process Building. To evaluate whether the
basins were a source of TCE and other contaminants, additional subsurface soil sampling
and upper-zone groundwater sampling was performed both upgradient and downgradient
of the basins. Aquifer tests and water-level measurements also were performed to
characterize the hydrologic flow conditions in the area of the WWCB.

The initial objective of data collection in the WWCB area was to determine if the
WWCB are a source of contamination or if the source exists upgradient of the WWCB.
In addition, a visual inspection of the integrity of the WWCB walls and floors was made
to determine if significant leakage may be occurring from the WWCB.
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2.17.2.1 Soil Sampling and Lithologic Logging

One soil boring (SB-110) was drilled immediately north and east of the WWCB. The
boring was drilled to the top of the water table and soil samples were collected from
5-foot intervals. The samples for VOC analysis were grab samples from each 5-foot
interval; the remaining samples were composites of each interval. The composite
samples were analyzed for semi-VOCs and metals.

2.17.2.2 Groundwater Sampling

The soil boring was deepened following soil sampling and completed as an upper-zone
monitoring well (W-137). Groundwater samples were analyzed for VOCs, semi-VOCs,
and metals. Results of groundwater sampling of the new monitoring well were compared
with results from upgradient wells (HM-77, F-221, W-133L) and with well HM-47
(downgradient) to determine if the WWCB are contributing to existing groundwater
contamination to the east.

2.17.2.3 Single-Well Aquifer Testing

Slug withdrawal tests were not conducted in the WWCB area. Aquifer tests were
performed in the nearby DYCP area and on three new wells installed inside the
Assembly Building/Parts Plant.

2.17.2.4 Water-Level Measurements

Water-level measurements were taken prior to each sampling to determine groundwater
flow directions at the site. All measurements were made with an interface probe. No
NAPL layers were detected in the WWCB area.

2.17.2.5 Inspection of the WWCB

General Dynamics discovered a TCE leak from a tank in the Process Building in June
1991. TCE had leaked from a tank through the drain system into the WWCB. Fluid
from the WWCB was drained into portable tanks for treatment, and the WWCB were
cleaned of sludges contaminated with TCE. The empty WWCB walls, floors, and liners
were visually examined on June 15-16, 1991. The concrete appeared in good shape with
no visible cracks. The plastic liner was missing over large areas of the floor and was
cracked at places on the walls. The trench system on the outside of the building leading
to the WWCB also was examined and several sections were observed to be open to

the soil.
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2.18.1 Site Description

The East Parking Lot/Flightline area (see Plate 1) is located east of the Assembly
Building/Parts Plant. Previously installed monitoring wells in the East Parking Lot area
were found to contain high concentrations of DCE, TCE, and chromium during IRP
Phase II Stage 1 investigations. Hargis + Associates (1985a), the Corps (1986), and
Intellus (1986b) further investigated the area by drilling and installing monitoring wells in
the contaminated upper zone, and conducting aquifer testing and groundwater sampling.

2.18.2 Field Activities

The Assembly Building/Parts Plant perimeter survey (see Section 2.2) was conducted to
determine potential source areas for contamination found in the East Parking
Lot/Flightline area. A large amount of information exists for the area, but the
maximum extent (downgradient) of contamination has not been defined. The objective
of the East Parking Lot/Flightline area sampling was to define the overall extent of
contamination.

Previous investigations have determined that the Walnut Formation either thins out or is
eroded completely in places under the East Parking Lot. Contamination from the
alluvial deposits is suspected to pass through the Walnut Formation into the upper
portion of the Paluxy Aquifer in an area known as the "window area." The window area
is located in the East Parking Lot near Grants Lane in the general area of monitoring
well HM-82. Extensive prior investigations have resulted in 31 monitoring wells in the
East Parking Lot. Previous investigators have drilled 30 monitoring wells and numerous
soil borings in the Flightline area (see Table 2.1-1). CAFB also has many monitoring
wells and soil borings to the east of Plant 4.

2.18.2.1 Soil Sampling and Lithologic Logging

Locations for additional groundwater monitoring wells (upper zone) and soil borings in
the East Parking Lot/Flightline area were identified and sited with the concurrence of

EPA Region VI. Ten soil borings (see Table 2.18.2-1) were drilled in the East Parking
Lot/Flightline area. Six of these borings were converted into monitoring wells.

2.18.2.2 Groundwater Sampling

Well installations in the Flightline area were coordinated with GD Flightline Operations
personnel. Well location, drilling permits, and site access for one monitoring well
(W-153) east of the main runway were coordinated with CAFB Airfield Management
and Civil Engineering personnel. Monitoring wells were completed to allow sampling of
LNAPLs, DNAPLs, and soluble organic compounds. Samples collected from each new
monitoring well were analyzed for VOCs, metals, and TPH for two sampling rounds.
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Table 2.18.2-1 East Parking Lot/Flightline Soil Borings/Monitoring Wells

SB-135 (W-149) SB-143 (W-153)
SB-136 SB-145
SB-137 (W-151) SB-146 (W-155)
SB-139 SB-147 (W-156)
SB-142 (W-152) SB-155

2.18.2.3 Single-Well Aquifer Testing

Aquifer tests for hydraulic conductivity were conducted on three new monitoring wells in
the East Parking Lot/Flightline area. Two new wells were not tested due to low water
yield, and well W-153 was not tested because of access restrictions at the time of testing.
All aquifer tests were performed using the slug withdrawal method.

2.18.2.4 Water-Level Measurements

All water-level measurements were made using an interface type water-level recorder.
No NAPL layers were detected during the investigation in the East Parking
Lot/Flightline area.

2.19 Site-Wide Investigations
2.19.1 Background Sampling
2.19.1.1 Background Sampling of Soils

Insufficient prior background data for soils in the Plant 4 area precluded comparisons of
anomalous concentrations of specific contaminants in Plant 4 soil samples with
background levels. Soil samples were collected from two locations near Plant 4 to
determine background concentrations of specific analytes. Inorganic analytes also were
compared to a data set of soil samples from the western United States (Shacklette and
Boerngen 1984).

The two background locations were selected on the basis of similar lithology as Plant 4
and because they were in areas with no prior industrial activity. Soil and soil-gas
samples collected at each location were analyzed, and the results were used for
comparing analyte concentrations found at Plant 4 with background concentrations.
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Plant 4 background soil samples were taken from two locations near Plant 4 (see

Plate 2). One location was south of Clifford Avenue, adjacent to well W-157, on
property currently owned by Lockheed. The second background location was west of
Meandering Road Creek, adjacent to well P-29M, on city of White Settlement property.

At each background location a soil boring was drilled to a depth of 2 feet using a hand-
operated stainless steel barrel auger. Two samples were collected at each location: one
from the surface to a depth of 1 foot and a second from 1 to 2 feet. Each 1-foot interval
was composited after a grab sample was collected for VOC analysis. The composited
sample was analyzed for semi-VOCs, metals, and oil and grease.

2.19.1.2 Background Sampling of the Paluxy Aquifer

During the RI, two monitoring wells were installed off site in the middle portion of the
Paluxy Aquifer (P-29M and P-30M). Data from these wells were used to provide
background data for water quality in the Paluxy Aquifer.

2.19.1.3 Background Sampling of the Upper-Zone Aquifer

Water samples designated as background for the upper-zone aquifer were not collected
during the RL

2.19.1.4 Background Sampling of Soil Gas

Two soil-gas samples were collected adjacent to off-site monitoring wells W-157 and
P-29M. Samples were collected from a depth of 4 feet and sent to the laboratory for
VOC analysis.

2.19.1.5 Background Sampling of Lake Worth

One background sample was collected from Lake Worth (see Location 1,

Figure 2.19.1-1) at the west end of a small embayment approximately 0.5 mile west of
the Lockheed Lake Worth pumping station. Surface water and two lake sediment
samples were collected at this location.

Sediment samples were collected from the lake bottom to 2 feet in depth. Upon
retrieval, the samples were split into 1-foot sections for analysis. Grab samples for
VOC analysis were taken directly from the sampler, and the remaining material was
composited from several samples for-radioisotope, TPH, oil and grease, and priority-
pollutant metals analysis.
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One water sample was collected using the container immersion technique. The lake
water was measured for pH, temperature, and conductivity when samples were collected.
Samples were analyzed for VOCs, priority-pollutant metals, TPH, oil and grease,
polychlorinated biphenyls (PCBs), and pesticides.

2.19.1.6 Background Sampling of Meandering Road Creek

Background water samples of Meandering Road Creek were taken upgradient of Landfill
No. 4 at location SW-2 (see Figure 2.5.2-1). Samples were originally planned to have
been collected further from the site, but the creek is normally dry above this point.
When the creek does have water flowing it is usually a flood event that would not yield a
representative sample. Samples were analyzed for semi-VOCs, oil and grease, VOCs,
TPH, and priority-pollutant metals.

2.19.1.7 Background Samples for Biomonitoring

One background biomonitoring location was selected in agreement with EPA and
USFWS personnel. The background biomonitoring site (Location 28) was located off
Silver Creek Road, about 5 miles from Plant 4, near a small park on Live Oak Creek
(see Figure 2.19.1-2). Water was collected on three separate occasions during one 7-day
period and transported to Trac Laboratory in Denton, Texas, for testing.

2.19.1.8 Background Samples for Tissue Sampling

Two locations were selected for the collection of background tissue samples in
agreement with EPA and USFWS. One location was at the Lake Worth background
sampling site (see Location 1, Figure 2.19.1-1), and the other was at the Live Oak Creek
site (see Location 28, Figure 2.19.1-2). The only tissue samples collected were from
mosquito fish, in agreement with the USFWS personnel. Fish sampling was done using
nets from the shore and from a pontoon boat. Sample containers were weighed before
and after filling. Samples were frozen and shipped on dry ice and analyzed for
polynuclear aromatic hydrocarbons (PAHs), PCBs, and pesticides.

2.19.1.9 Background Samples for Air Monitoring

One background air monitoring site was set up adjacent to White Settlement municipal
well WS-6T, approximately 0.75 mile west of Plant 4 (see Figure 2.19.1-3 in

Section 2.19.6 and Plate 2). The air monitoring equipment was placed inside a locked

security fence in a residential neighborhood. Samples were collected concurrently with
the samples collected on site and were analyzed for VOCs and select metals.
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2.19.2 Upper-Zone Hydrogeologic Characterization

Previous studies have shown that upper-zone groundwater was contaminated as the result
of past waste-handling activities. Because the distribution and movement of
contaminants in upper-zone groundwater have not been completely defined, additional
hydrogeologic characterization was performed for this flow system. This characterization
included:

Lithologic logging of upper-zone soil borings and monitoring wells
Water-level of new and existing upper-zone wells

Continuous water-level monitoring of selected upper-zone wells
Single-well aquifer testing (slug-testing for hydraulic conductivity)

2.19.2.1 Lithologic Logging

Lithologic logging was conducted for 152 soil borings and eight monitoring-well borings.
Twenty-nine of the soil borings were completed as monitoring weils, providing a total of
37 new upper-zone groundwater monitoring wells installed during the RI.

Lithologic logging was performed by collecting continuous split-barrel samples through a
hollow-stem auger as the borings were drilled. Split-barrel samples were collected using
a 3-inch o.d. by 24-inch-long stainless steel split-barrel sampler driven by a 140-pound
drop hammer. Each sample was collected by driving the sampler the full 24 inches, or
until penetration was less than 6 inches per 50 hammer blows.

After retrieving the sampler from the boring, it was opened and placed on the logging
table for inspection by the site geologist. Lithologic information was then recorded on a
lithologic log. Information contained in the lithologic description included:

Typical name (sand, gravel, clay, etc.)
Munsell color

Percentage sand and gravel

Sorting (poor to well)

Grain angularity

Induration or plasticity

Moisture content (moist to saturated)

At some locations, paired monitoring wells were installed in separate borings to monitor
upper and lower portions of the upper-zone groundwater system. At these locations,
split-barrel sampling was conducted only for that portion of the second boring which
extended below the bottom of the first boring. However, lithologic logs were prepared
for both wells at every paired-well location.
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Each lithologic log was inspected and verified by a second geologist or hydrogeologist
after being completed by the site geologist. Lithologic logs for upper-zone soil borings
and monitoring wells are presented in Appendix A-2.

Lithologic data were used in conjunction with slug test results to define local variations
in hydraulic conductivity and porosity. This local-scale variability was then incorporated
into the analysis of groundwater flow and contaminant transport.

2.19.2.2 Water-Level Monitoring

Synoptic water-level measurements were made at all accessible upper-zone monitoring
wells during April 1990, March 1991, and September 1991. Water levels in monitoring
wells installed during the RI were included in the September 1991 measurement episode
only.

At each well, an interface probe was used to measure the depth to water below the top
of the inner well casing. The interface probe allowed field technicians to distinguish
between water and nonaqueous phase liquids (NAPLs) that may have been floating on
the top or pooled at the bottom of the water column. The probe was lowered into the
well until the reel unit began emitting an audible signal. A beeping signal indicated the
presence of a NAPL, and a steady signal indicated the presence of water. When floating
NAPLs were detected, the depth measurement was recorded as a "depth-to-floater." The
probe was then lowered further until the steady tone was heard and this depth was
recorded as the depth to water. The difference between the two measurements was the
thickness of the hydrocarbon product column in the well. When pooled NAPLs were
detected below the water column, the depth measurement was recorded as "depth-to-
sinker." Wells containing NAPLs are discussed in Section 4.5.1.

Wells that had submersible pumps suspended from steel pump-hanger plates could not
be measured with an interface probe because the diameter of the probe exceeded the

diameter of the access hole. These wells were measured using a conventional electric

water-level probe.

Synoptic water-level measurements were made to provide hydraulic head data as a
function of space for both the upper-zone flow system and the Paluxy Aquifer. This data
was then used to prepare water table or hydraulic head maps that were used to assess
the direction and velocity of groundwater flow in the upper zone and the Paluxy Aquifer.
Water-level measurements for nested wells were also used to evaluate vertical flow
components within the upper zone and the Paluxy Aquifer. In the window area, where
the upper zone is hydraulically connected to the Paluxy Aquifer, vertical gradients were
used to evaluate the magnitude of recharge from the upper zone to the Paluxy Aquifer.
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The synoptic water-level measurements are presented in Appendix D and discussed in
Section 3.8.

2.19.2.3 Continuous Water-Level Monitoring

Continuous water-level monitoring was conducted at two upper-zone monitoring wells:
HM-86 and W-143. Continuous water-level monitoring also was conducted at the
adjacent P-14US and P-28U wells. Data collection began on September 10, 1991. The
objective of the monitoring was to identify seasonal variations in hydraulic head, evaluate
the impact of external stresses, assess aquifer parameters and characteristics, and
determine the degree of vertical communication between the upper zone and the Paluxy
Aquifer (particularly in the vicinity of the window area).

Data was collected using electronic pressure transducers and data loggers. In-Situ, Inc.,
data loggers were programmed to receive data from In-Situ and Keller-PSI, Inc., pressure
transducers. The transducers were connected to shielded and vented cables and lowered
into the wells to a position approximately 2 feet above the bottom of each well. The
depth of placement was measured during installation as was the depth to water in the
well. These two measurements defined the height of the water column above the
transducer. The transducer cable was then connected to the data logger and the
elevation head at the transducer was checked electronically. If this value did not agree
with the value calculated from the manual measurements, the logger and transducer
were reprogrammed and rechecked for agreement. If elevation heads from manual and
electronic measurements repeatedly differed by more than +0.01 foot, the transducer,
the logger, or both were replaced.

Once proper transducer and logger operation had been verified, the logger was
programmed to record depth-to-water measurements on the hour. The logger was then
started and placed in a locked well vault designed to prevent unauthorized access to the
well and recording equipment. The data recorded in the loggers was then transferred to
a personal computer at 3- to S-month intervals. The continuous water-level monitoring
terminated on November 2, 1992, although the data from this last interval have not yet
been collected from the data loggers.

The results of the continuous water-level monitoring are discussed in Section 3.8.
2.19.2.4 Single-Well Aquifer Testing

To determine the hydraulic conductivity of the upper-zone clays, sands, and gravels,
single-well aquifer tests (slug tests) were conducted on 29 upper-zone monitoring wells.
These included all suitable wells installed during the RI and several wells installed
during previous investigations. Wells were considered suitable for slug testing if they
contained a water column that was at least 7-feet high and were screened in a single
hydrogeologic unit. A well with a screen or filter pack extending through a portion of
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the Walnut Formation and a portion of the alluvium was considered unsuitable for slug
testing because each unit has different hydraulic characteristics. These different
characteristics cannot be distinguished from the results of a single slug test on one well.

The slug withdrawal method was used for all upper-zone slug tests. Data were recorded
using an electronic pressure transducer connected to a high-speed data logger. The
transducer was lowered into the well to a position 1 foot above the bottom of the well.
The transducer cable was then securely fixed to the above-ground portion of the well
casing and connected to the data logger. A clean 10-foot-long PVC bailer was then
lowered into the well until it was fully submerged or until the bottom of the bailer
reached the position of the transducer. A 1.67-inch o.d. bailer was used in 2-inch
monitoring wells, and a 3.5-inch o.d. bailer was used in 4-inch monitoring wells. The
elevation head measured by the transducer and displayed by the logger was observed
until the water level in the well had declined to its equilibrium level. The data logger
was then started and the full bailer was quickly removed from the well and emptied into
a small storage tank. Bailed water was later transferred to drums containing monitoring-
well purge water.

During the recovery of the water level in the well, data were recorded at variable rates
beginning with five measurements per second for the first 2 seconds and progressing to
one measurement every 10 minutes after an elapsed time of 100 minutes. This logging
rate deviates from that proposed in the Work Plan (UNC Geotech 1990) because In-Situ,
Inc. data loggers were used instead of a less reliable model. The logging rates that were
used are suitable for slug testing applications. Data recording continued until the water-
level recovery was 95 percent complete. Repeat slug tests were conducted on all wells
except those that required more than 10 hours to achieve 95 percent recovery.

The results of the slug testing are presented and discussed in Section 3.8.
2.19.2.5 Vertical Hydraulic Conductivity Testing

To allow calculation of vertical flow rates in the Walnut and Paluxy Formations, vertical
hydraulic conductivity testing was performed on core samples collected from P-27U,
P-28U, and P-30M. Three core samples were obtained from each of these borings

for analysis.

Vertical hydraulic conductivity was determined using the procedure described in

ASTM D 5084-90, "Measurement of Hydraulic Conductivity of Saturated Porous
Materials Using a Flexible Wall Permeameter." Cores were collected using an "NX-size"
(1.945-inch diameter) core barrel. Core samples were trimmed to a length of
approximately 2 inches before testing. Test results included the saturated vertical
hydraulic conductivity and the effective porosity. Vertical hydraulic conductivity results
are presented and discussed in Section 3.8.
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2.19.2.6 Total Organic Carbon Analysis

To determine the potential for adsorption of organic contaminants in groundwater
moving through the Walnut and Paluxy Formations, the total organic carbon (TOC)
content was measured for 10 samples taken from these two formations. Three samples
were analyzed from P-27U and P-28U and four samples were analyzed from P-30M.

TOC content was measured using the sediment adaptation of the procedure described in
ASTM D 4129-88. Samples were crushed and ground prior to analysis. Results
included the percentage of total carbon (including carbonate), the percentage of carbon
in the form of carbonate, and the percentage of total organic carbon. Results are
presented and discussed in Section 3.8.

2.19.3 Paluxy Aquifer System Characterization

Because the Paluxy Aquifer system is an important water supply in the
Fort Worth metropolitan area, its hydraulic, water-quality, and contaminant transport
characteristics were thoroughly investigated.

Groundwater quality data were collected to provide information on site-wide water
quality of the Paluxy Aquifer system. This information was used to assess the impacts of
individual contamination sites on the overall water quality of the Paluxy Aquifer system
downgradient of Plant 4.

2.19.3.1 Lithologic Logging and Coring

Subsurface coring and monitoring well installations were completed for five additional
Paluxy Aquifer monitoring wells (see Table 2.19.3-1) in areas where data were lacking
(see Plate 1). Boreholes were cored continuously from the top of the Walnut Formation
until the borehole was completed in the desired portion of the Paluxy Formation. Core
sections were logged and stored in core boxes for archival purposes. Selected sections of
the core were submitted to an engineering laboratory for analysis to determine vertical
hydraulic conductivity, TOC content, and organic partition and distribution coefficients.
Hydraulic parameter data were used for contaminant transport modeling for Plant 4 and
adjacent properties. After coring was complete, the boreholes were reamed out to allow
well installation. Groundwater samples were collected from the new wells and analyzed
for VOCs, semi-VOCs, and metals.

Table 2.19.3-1 Paluxy Monitoring Wells

P-27U P-30M
P-28U P-31U (Dry)
P-29M
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2.19.3.2 Water-Level Monitoring

Synoptic water-level measurements were made at all accessible Paluxy Formation
monitoring wells during April 1990, March 1991, and September 1991. Water levels in
monitoring wells installed during the RI were included in the September 1991
measurement episode only.

At each well, an interface probe was used to measure the depth to water below the top
of the inner well casing. The interface probe allowed field technicians to distinguish
between water and hydrocarbon liquids that may have been floating on the top of the
water column. The probe was lowered into the well until the reel unit began emitting an
audible signal. A beeping signal indicated the presence of a hydrocarbon liquid, and a
steady signal indicated the presence of water. When hydrocarbon liquids were detected,
the depth measurement was recorded as a "depth-to-floater." The probe was then
lowered further until the steady tone was heard, and this depth was recorded as the
depth to water. The difference between the two measurements was the thickness of the
hydrocarbon product column in the well.

Wells that had submersible pumps suspended from steel pump-hanger plates could not
be measured with an interface probe because the diameter of the probe exceeded the

diameter of the access hole. These wells were measured using a conventional electric

water-level probe.

Synoptic water-level measurements were made to provide hydraulic head data as a
function of space for both the upper-zone flow system and the Paluxy Aquifer. These
data then were used to prepare water-table or hydraulic head maps that were used to
assess the direction and velocity of groundwater flow in the upper zone and the Paluxy
Aquifer. Water-level measurements for nested wells also were used to evaluate vertical
flow components within the upper zone and the Paluxy Aquifer. In the window area,
where the upper zone is hydraulically connected to the Paluxy Formation, vertical
gradients also were used to evaluate the magnitude of recharge from the upper zone to
the Paluxy Aquifer.

The synoptic water-level measurements are presented in Appendix D and discussed in
Section 3.8.

2.19.3.3 Continuous Water-Level Monitoring

Continuous water-level monitoring was conducted at three Paluxy Formation monitoring
wells: P-28U, P-11U, and P-14US. Data collection began on September 10, 1991. The
objective of the monitoring was to identify seasonal variations in hydraulic head, evaluate
the impact of external stresses, assess aquifer parameters and characteristics, and
determine the degree of vertical communication between the upper zone and the Paluxy
Formation (particularly in the vicinity of the window area).
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Data were collected using electronic pressure transducers and data loggers. In-Situ, Inc.,
data loggers were programmed to receive data from In-Situ and Keller-PSI, Inc., pressure
transducers. The transducers were connected to shielded and vented cables and lowered
into the wells to a position approximately 2 feet above the bottom of each well. The
depth of placement was measured during installation as was the depth to water in the
well. These two measurements defined the height of the water column above the
transducer. The transducer cable was then connected to the data logger and the
elevation head at the transducer was checked electronically. If this value did not agree
with the value calculated from the manual measurements, the logger and transducer
were reprogrammed and rechecked for agreement. If elevation heads from manual and
electronic measurements repeatedly differed by more than 10.01 foot, the transducer,
the logger, or both were replaced.

Once proper transducer and logger operation was verified, the logger was programmed
to record depth-to-water measurements on the hour. The logger was then started and
placed in a locked well vault designed to prevent unauthorized access to the well and
recording equipment. The data recorded in the loggers were transferred to a personal
computer at 3- to S-month intervals. The continuous water-level monitoring terminated
on November 2, 1992, although the data from this last interval have not yet been
collected from the data loggers.

The results of the continuous water-level monitoring are discussed in Section 3.8.
2.19.3.4 Single-Well Aquifer Testing

To determine the hydraulic conductivity of the Paluxy Formation, single-well aquifer tests
(slug tests) were conducted on four Paluxy Formation monitoring wells. These included
all suitable wells installed during the RI and several wells installed during previous
investigations. Wells were considered suitable for slug testing if they contained a water
column that was at least 7-feet high.

The slug withdrawal method was used for all Paluxy Formation slug tests. Data were
recorded using an electronic pressure transducer connected to a high-speed data logger.
The transducer was lowered into the well until the transducer was 20 feet below the
water level or until it was within 1 foot of the bottom of the well. The transducer cable
was then securely fixed to the above-ground portion of the well casing and connected to
the data logger. A clean 10-foot-long PVC bailer was lowered into the well until it was
fully submerged or until the bottom of the bailer reached the position of the transducer.
A 1.67-inch o.d. bailer was used in Paluxy Formation wells. The elevation head
measured by the transducer and displayed by the logger was observed until the water
level in the well had declined to its equilibrium level. The data logger was then started
and the full bailer was quickly removed from the well and emptied into a small storage
tank. Bailed water was later transferred to drums containing monitoring-well purge
water. '
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During the recovery of the water level in the well, data were recorded at variable rates
beginning with five measurements per second for the first 2 seconds and progressing to
one measurement every 10 minutes after an elapsed time of 100 minutes. Data
recording continued until the water-level recovery was 95 percent complete. Repeat slug
tests were conducted on all wells except those that required more than 10 hours to
achieve 95 percent recovery.

The results of the slug testing are presented and discussed in Section 3.8.
2.19.3.5 Vertical Hydraulic Conductivity Testing

To allow calculation of vertical flow rates in the Walnut and Paluxy Formations, vertical
hydraulic conductivity testing was performed on core samples collected from P-27U,
P-28U, and P-30M. Three core samples were obtained from each of these borings

for analysis.

Vertical hydraulic conductivity was determined using the procedure described in

ASTM D 5084-90, "Measurement of Hydraulic Conductivity of Saturated Porous
Materials Using a Flexible Wall Permeameter." Cores were collected using an "NX-size"
(1.945-inch diameter) core barrel. Core samples were trimmed to a length of
approximately 2 inches before testing. Test results included the saturated vertical
hydraulic conductivity and the effective porosity. Vertical hydraulic conductivity results
are presented and discussed in Section 3.8.

2.19.3.6 Total Organic Carbon Analysis

To determine the potential for adsorption of organic contaminants in groundwater
moving through the Walnut and Paluxy formations, the TOC content was measured for
10 samples taken from these two formations. Three samples were analyzed from P-27U
and P-28U and four samples were analyzed from P-30M.

TOC content was measured using the sediment adaptation of the procedure described in
ASTM D 4129-88. Samples were crushed and ground prior to analysis. Results
included the percentage of total carbon (including carbonate), the percentage of carbon
in the form of carbonate, and the percentage of total organic carbon. Results are
presented and discussed in Section 3.8.

2.19.4 Lake Worth Investigations

Contaminants from Plant 4 may be entering Lake Worth via surface water drainage and
upper-zone groundwater discharge. Because Lake Worth is used as a source of public
water supply and is also a source of recharge to the Paluxy Aquifer, additional data were
needed to evaluate the potential risk to human health and the environment from
contaminants in surface water and sediment of Lake Worth.
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2.19.4.1 Water Sampling

Water samples were collected from eight locations (Lake Worth Sampling Locations 1, 2,
5, 8, 11, 12, 18, and 21 [see Figure 2.5.2-1]) to obtain surface water quality data from
Lake Worth adjacent to Plant 4. The data were used to determine if contaminants are
present in the waters of Lake Worth, the likely source of the contaminants, and potential
receptors and risk associated with those contaminants. One background sample was
collected from Lake Worth approximately 0.5 mile west of the Lockheed Lake Worth
pump station to determine if changes in water quality occur as a result of activities at
Plant 4. One water sample was collected at Lake Worth Sampling Location 24 (Plate 2)
which is located on the unnamed creek with drainage to the Lake Worth background site
(Location 1). Samples were grab samples using the container immersion method. Water
samples were analyzed for VOCs, semi-VOCs, TPH, oil and grease, and dissolved
metals. Temperature, pH, and electrical conductivity were measured at each sampling
location at the time of sampling.

2.19.4.2 Sediment Sampling

Sediment samples were collected from areas where contamination was most likely

to be found, such as areas where surface drainage discharges into Lake Worth,

(Figure 2.19.1-1) to determine if past contaminant spills or releases have reached Lake
Worth. The data from the sediments were used to assess potential risk associated with
contaminated sediments.

Six coves of Lake Worth that have drainage originating at Plant 4 were sampled, with
three sediment samples collected from each cove. Lake sampling locations were
established by lining up with landmarks on shore. One sample was taken 10 feet from
the shoreline, and two more samples were taken evenly spaced toward the middle of the
cove or arm of the lake. The maximum beginning sampling depth was 17 feet. Samples
were collected to a depth of 22 inches into the sediments (the length of the sampler) and
split into two 11-inch samples for analysis. Samples for VOC analysis were bottled
immediately. The sampler was returned to the lake bottom several times to gather
sufficient material for a composite sample. A total of 25 sediment sampling locations
were sampled in Lake Worth. The type of analysis performed was dependent on the
sampling location (see Table 2.19.4-1), with some sites having special analysis. Seven
samples were analyzed for VOCs, semi-VOCs, oil and grease, TPH, and metals. VOC
samples were bottled immediately from the sample barrel, and the remainder of the
material was composited for other analyses. Samples collected from the drainage near
the Nuclear Aerospace Research Facility (NARF) area were also analyzed for
radioisotopes. A field scan was performed for alpha, beta, and gamma radiation on all
samples collected from sediments near the former NARF site, with no radiation levels
above background detected. Twenty-one samples were analyzed for polynuclear
aromatic hydrocarbons (PAHs) and three were analyzed for PCBs and pesticides.
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A background sediment sample was collected at a location 0.5 mile west of the Lockheed
Lake Worth pumping station and was analyzed for all analytes except selected metals
(Al, Cd, Cr, Ni, and Pb).

Two types of metals analysis were run on selected samples. Aluminum, cadmium,
chromium, nickel, and lead were selected for analysis using procedures specified by the
USFWS, to aid in their evaluation of the inorganic data. Analysis was to be by the more
stringent of either FWS-9-OAS-91-111 (USFWS) or the EPA Method 7000 Series.

The selected metals were analyzed by a USFWS contract laboratory using the EPA
Method 7000 Series. These metals are used in aircraft production, are constituents in
fuels, or were identified as chemicals of concern in the risk assessment. This group of
selected metals was analyzed in addition to the Priority-Pollutant Metals (PPMTL).

2.19.5 Meandering Road Creek Investigations

Upper-zone groundwater is known to discharge from Plant 4 along the Meandering Road
Creek drainage by way of seeps. Much of the upper-zone groundwater upgradient of the
seeps is contaminated with fuels, solvents, oil and grease, and metals. A potential exists
for contamination of surface waters and sediments as a result of upper-zone discharge
into Meandering Road Creek. It is also suspected that the creek is providing recharge to
the Paluxy Aquifer. A potential exists for contaminant migration into the Paluxy
Aquifer, which supplies domestic water to surrounding communities.

The objective of the Meandering Road Creek study was to determine the extent of
surface water contamination originating from Plant 4. Upstream surface water and
sediment samples were needed to determine potential contamination to the surface
water pathway from upstream sources before the creek enters the Plant 4 facility
boundary. Sample analyses along the facility boundary were needed to better define
the source areas for contamination entering Meandering Road Creek from Plant 4.
Additional seeps required identification and sampling to characterize upper-zone
discharge.

2.19.5.1 Water Sampling

Existing surface-water sampling locations that had been sampled by Hargis + Associates
on a routine basis were not resampled. New locations (SW-1 through SW-8) were
established both upstream and between previously established sampling locations to
better define the distribution of contaminants (see Figure 2.5.2-1). Sampling station
SW-5 in the Meandering Road Creek west of monitoring well F-214 was selected
because an emulsion was observed in the water at the bottom of a pool cut into the
creek bed. A sample was collected and analyzed for chemical content. These samples
were collected using the container immersion method and analyzed for VOCs, semi-
VOCs, metals, TPH, and oil and grease. Water-quality parameters (pH, electrical
conductivity, temperature) were monitored in the field at the time of sampling.

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 Page 2-84



264138

2.19.5.2 Sediment Sampling

Sediment samples were collected at seven new creek sampling locations (SW-01 through
SW-07) and analyzed for VOCs, semi-VOCs, metals, TPH, and oil and grease. Lake
Worth Sampling Location 26, in Meandering Road Creek, upstream from Lake Worth,
was sampled for PAHs, selected metals, total organic content, grain size, and moisture to
provide additional data requested by the USFWS.

2.19.5.3 Seep Sampling

Water samples were collected at all seeps evident along the Meandering Road Creek
drainage to determine potential source areas for contaminant migration to the creek.
Sample data were used to study contaminant fate and transport after discharge from the
seeps in the area of Landfill No. 3 (SW-05, -08, and -09) to the stream bed. Additional
seeps (SW-10 and -11) were identified and sampled near Outfall No. 3 (near the JETS).

2.19.6 Air Quality Monitoring

The potential contamination of the air pathway as the result of past and current activities
at Plant 4 was not adequately addressed by previous IRP investigations. Several areas
are known to contain soils and groundwater contaminated with VOCs that have the
potential for entering the air pathway through volatilization. Other areas, such as the
fire department training areas, may contain surface contaminants that are available to
the air pathway through windblown particles. Consequently, data were collected to
evaluate the potential risk to human health and the environment from contaminants
released to the air.

Two air-quality monitoring stations were established at Plant 4 (see Figure 2.19.1-3).
The first station, located approximately 0.75 mile west of the facility within the security
fence at White Settlement municipal well WS-6T, approximately 50 feet from the street,
was established as an offsite ambient air-quality monitoring station. This site was chosen
because it is located within a residential neighborhood with no significant industrial
influence to the ambient air quality. The second station, located on the Plant 4 facility
approximately 300 feet north of Building 176, was established as an onsite air-quality
monitoring station. This site was chosen because it was predominantly downwind of the
facility and several IRP sites during the period in which the samples were collected.

In addition to the data collected from the two air-quality monitoring stations, wind data
(speed and direction) were obtained from the meteorological station at CAFB.

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 Page 2-85



(73 OAx m&‘k

e

LAKE WORTH ﬁ

(" SILVER CREEK RO
E s
y
N
L%
%
2

@}
7- {
NCE
.;Lm!!j‘l:j--
2\
JN/ﬁ

=
_J

hi
. iy
<
o
= | .
r ‘ \
%‘r— ™7 1 L_[\ ;“TIF

\——(X) AR MONITORING LOCATION m Rust Geotech

AWK Tostasiogios Compoy

Air Sompling Locotions

FIGURE FILENAME: WOO008501 l DATE: APRIL 13, 1995

Figure 2.19.1-3. Air Sampling Locations.

Page 2-86



264140
2.19.6.1 Volatile Organic Compound Sampling

Each monitoring station was equipped to collect samples for VOC analysis (see

Figure 2.19.1-4). The sampling equipment was positioned and operated in accordance
with EPA 40 CFR Part 50 (Sample Siting Criteria) and EPA Compendium Method
TO-14. A sample set (one sample from each station) was collected every 6 days
coincident with the State of Texas Ambient Air Monitoring Division’s sampling schedule.
Fifteen sample sets were collected and analyzed for target compound list VOCs. Each
sample set was collected over a continuous 24-hour period using SUMMAR® passivated
stainless steel canisters. All VOC samples were analyzed in accordance with EPA
Compendium Method TO-14.

2.19.6.2 High Volume Particulate Sampling

Each monitoring station was equipped with a high-volume air particulate sampler (see
Figure 2.19.1-4). The sampling equipment was positioned and operated in accordance
with EPA 40 CFR Part 50 (Sample Siting Criteria) and EPA 40 CFR Part 41, Appendix B
(Reference Method for the Determination of Suspended Particulate Matter in the
Atmosphere [High-Volume Method]). A sample set (one sample from each station) was
collected every 6 days coincident with the State of Texas Ambient Air Monitoring
Division’s sampling schedule. Fifteen sample sets were collected and analyzed for
selected metals. Each sample set was collected over a S-day period using Whatman
EPM-2000 ultrahigh purity glass-fiber filters. Blank filters accompanied the samples
from the first two sampling events. All samples, including the blank filters, were
analyzed for cadmium, chromium, lead, and zinc by graphite furnace atomic absorption.

2.19.6.3 Wind Speed and Wind Direction Data

Wind data (speed and direction) were obtained from the meteorological station at CAFB
for each day during the period in which air-quality monitoring was performed at Plant 4
(January 1, 1992, through May 19, 1992). Typically, these and several other
meteorological parameters (sea level pressure, temperature, and dew point) are
monitored and recorded at 5 minutes before each hour, with additional information
recorded when necessary to document significant changes in the monitored parameters.
Appendix I-2 contains a summary of the meteorological data obtained from CAFB.

2.19.7 Ecological Characterization

Biological and ecological studies were conducted to allow toxicity impacts on the
environment to be evaluated. Three studies were undertaken: a cataloging of the flora
and fauna compiled from the literature, bioassay toxicity sampling and testing, and tissue
sampling and analysis. The main focus of the flora and fauna cataloging was the
identification of threatened and endangered species. The purpose of bioassay toxicity
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testing and tissue analysis was to provide data for defining contaminant locations and
quantifying contaminant concentrations in representative water and fish samples.

2.19.7.1 Flora and Fauna Catalog

Discussions of the plants and animals indigenous to the High Prairie and to the drainage
of the West Fork of the Trinity River (west of ElIm Fork)—the two habitat zones of
north-central Texas relevant to the study area—are found in Peter and McGregor (1988)
and Prikryl (1990). Information more specific to the study area is provided by De Vore
(1990), who conducted an archaeological reconnaissance of the CAFB adjacent to

Plant 4, and by IT Corp. (1992), who conducted the risk assessment for this RL

The High Prairie of western Tarrant County is dominated by mixed grasses, primarily
bluestem, grama, buffalo, and introduced species. Trees are few but include, in order of
descending frequency, hackberry, elm, post oak, walnut, mesquite, cottonwood, and gum
bumelia (Peter and McGregor 1988).

Within the drainage of the West Fork of the Trinity River are two major communities:
the flood plain forest and bottomland prairies. A variety of trees occurs along the river’s
course and its tributaries—primarily post oak, elm, Spanish oak, hackberry, and ash.
Incidental species include locust, blackjack oak, red oak, sycamore, bur oak, mesquite,
cottonwood, willow, gum bumelia, mulberry, red haw, and pecan (Peter and McGregor
1988). The bottom prairies, which are open areas within the flood plain forest, "...appear
to have been areas subject to seasonal overflow where surface water was retained" (Peter
and McGregor 1988). Vegetation is dominated by grasses—originally, little bluestem, big
bluestem, and Indiangrass—but now primarily introduced species (e.g., crabgrass and
Bermuda) (IT Corp. 1992).

Mammals, reptiles, amphibians, birds, fish, and invertebrates inhabit the region
encompassing the two habitat zones discussed above (De Vore 1990). Mammals
commonly seen include white tail deer, gray fox, red fox, coyote, raccoon, striped skunk,
opossum, cottontail, jackrabbit, armadillo, fox squirrel, and various rodents. Birds likely
in the region include wild turkey, mourning dove, pileated woodpecker, little blue heron,
great blue heron, black-crowned night heron, American egret, cattle egret, migratory
waterfowl, and various hawks, owls, and buzzards. Sunfish, catfish, shad, drum, minnows,
and shellfish are among the aquatic resources present locally.

In the immediate Plant 4 area, the Texas Parks and Wildlife Department reports no
special species or natural communities. In the overall Lake Worth area, the Department
has identified one sensitive species, the Texas garter snake, and several managed areas.
The Texas garter snake has been given the Federal status of "Category 2," which includes
organisms that could be threatened or endangered but about which the USFWS requires
more field data for a definitive determination. Two bird rookeries occur on Lake
Worth: the Silver Creek Rookery, 2.7 miles northwest of Plant 4, on the western shore of
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the lake and the Fort Worth Nature Center Rookery, located 3.8 miles north of Plant 4
on the shore of the northern segment of Lake Worth. At each, the Great Blue Heron is
the dominant species. Also on the north shore of Lake Worth is the 3500 acre Fort
Worth Nature Center and Refuge, which is affiliated with the Fort Worth Nature
Center Rookery.

2.19.7.2 Bioassay Toxicity Testing

Bioassay toxicity testing is the process of exposing selected fish and invertebrates to
water samples collected from specific locations and observing the toxic effects of the
samples on these organisms. The results of the analysis can indicate where toxicants are
present in a geographical area and can provide a general overview as to the severity

of toxicity.

Bioassay toxicity testing was conducted in an attempt to determine whether water
contamination is originating from Plant 4 or areas upstream of Plant 4. Three locations
(locations noted are indicated as Lake Worth Sampling Locations on Plates 1 and 2 and
Figure 2.19.1-2) were chosen for sample collection: an upstream site (Location 27), a
site adjacent to Plant 4 (Location 25), and a background site (Location 28).

Locations 25 and 27 are along Meandering Road Creek; Location 28 is approximately

2 miles west of Plant 4 on Live Oak Creek. Location 28 was chosen by the USFWS.
(See Figure 2.19.1-2 and Plate 1 for locations.)

Three water samples were collected at each location. These samples were collected
intermittently over a period of 5 days and submitted on the day of collection to TRAC
Laboratories, Inc., of Denton, Texas, for analysis. TRAC Laboratories investigated the
stream samples’ chronic toxicity to water flea and fathead minnow, which were cultured
at TRAC Laboratories.

The water flea and the fathead minnow were exposed to undiluted samples from
Locations 25, 27, and 28 and to samples diluted by 50 percent from Location 25. These
organisms also were exposed to a water sample prepared by TRAC Laboratories to
represent the control sample. Testing and control sample preparation were conducted
according to the requirements of EPA/600/4-89/001 (TRAC Laboratories, Inc. 1991).

Organisms were exposed to a sample for approximately 24 hours and then analyzed for
toxic effects. To characterize toxic effect, TRAC laboratories calculated the survival rate
for both water flea and fathead minnow, the mean neonate production per female in
water flea, and the mean final dry weight of fathead minnows. Statistical comparisons
(one-tailed) between the control and collected sample exposures were made with the
TOXSTAT 3.0 statistical package (TRAC Laboratories, Inc. 1991).
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2.19.7.3 Tissue Sampling and Analysis

Tissue sampling and analysis can contribute to the ecological characterization of a site by
providing evidence for the presence or absence of contamination in the food chain.
Additionally, a comparison of contaminant levels in tissue samples collected at different
locations around a site may aid in pinpointing the origins of those contaminants.

Five locations around Plant 4 were chosen for tissue sampling (see Plate 1 and

Figure 2.19.1-2; locations are indicated on plates as Lake Worth Sampling Locations).
Location 1, a background location, was in an arm of Lake Worth approximately 0.5 mile
west of the Plant 4 pump station. Location 2 was in Lake Worth at the mouth of
Meandering Road Creek. Location 25 was in Meandering Road Creek approximately
0.25 mile from Lake Worth. Location 26 was in Meandering Road Creek approximately
200 feet from Lake Worth. Location 28, a background location selected by the USFWS,
was in Live Oak Creek approximately 2.5 miles west-northwest of Plant 4.

Collected for tissue analysis was the mosquito fish, a species considered ideal for tissue
analysis because it is abundant in the Lake Worth area, is highly tolerant of chemical
contaminants, and stores contaminants in its fatty tissues. Mosquito fish were collected
at the five locations with seines, placed in appropriate sample containers, and frozen
(as described in Analytical Methods for U.S. EPA Priority Pollutants and Pesticides in
Tissues from Estuarine and Marine Organisms, EPA 1986) for 15-21 days, until the
samples could be submitted to the Mississippi State Chemical Laboratory (MSCL) for
whole-tissue analysis.

Ten fish samples were sent to the MSCL, where the samples were composited into five
samples for analysis. Constituents of interest were agreed upon by USFWS and EPA
representatives in advance of sample collection. These constituents included
organochlorines/PCBs, PAHs, and certain metals (Al, Cd, Cr, Ni, and Pb). Methods
used for the analysis of chlorinated hydrocarbons/PCBs and PAHs were those listed in
the MSCL’s contract with the USFWS. Methods used for the analysis of metals were
those described in the U.S. EPA’s Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, SW-846. Method 3010 was used for fish tissue digestion.

2.19.8 Leachability Testing

TCLP leachability tests of contaminated soils were conducted to determine the extent to
which these soils are contributing to the contamination of groundwater. Selected soil
samples (see Table 2.19.8-1) from each different type of hazardous waste site at Plant 4
(e.g., FSAs, FDTAEs, landfills, chrome pits) were analyzed for leachability by TCLP.
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Table 2.19.8-1 TCLP Sample Locations

SB-006 DYCP
SB-018 LF-1
SB-033 LF-3
SB-067 FDTA-5
SB-122 UST-19
SB-149 FSA-3

2.19.9 Common lons

Approximately 20 percent of the groundwater samples were analyzed for common ions
for use in geochemical characterization and modeling of the aquifer systems present at
Plant 4 (see Table 2.19.9-1). These data are useful in determining sources of
groundwater recharge and groundwater flow paths. They may also be useful when
evaluating remedial action alternatives and the possible effect of common ion
constituents on the technology being evaluated.

Table 2.19.9-1 Monitoring Wells Sampled for Common lons

P-29M W-144
W-131U W-149
W-137 W-153
W-143

2.19.10 Archaeological Survey

A Class I cultural resources inventory for the study area and immediately adjacent lands
was conducted to determine the archaeological and historical resources that were known
in the project area, the current impacts and the potential impacts from remedial action,
and the types of cultural resources that could be found in undisturbed areas. The
inventory consisted of a literature search and a files/database search. The literature
search was conducted through the libraries of Texas Christian University, Southern
Methodist University, and the Archaeology Research Program at the Institute for the
Study of Earth and -Man. The files/database search was conducted by the Texas
Archaeological Research Laboratory of the Balcones Research Center at the University
of Texas at Austin.
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Plant 4 is located in the High Prairie within the drainage of the West Fork of the Trinity
River at an elevation of 500 to 600 feet above mean sea level. Erosional valleys dissect
the expanse of nearly level plains, cutting through to limestone bedrock. Grasslands
predominate while trees are dispersed and include post oak, elm, hackberry, mesquite,
cottonwood, gum bumelia, and walnut (Peter and McGregor 1988). Wildlife inhabitants
include mammals, reptiles, amphibians, birds, fish, and invertebrates. De Vore (1990)
reports the following as being present in the region: deer, gray and red fox, raccoon,
opossum, cottontail rabbit, squirrel, wild turkey, mourning dove, pileated woodpecker,
migratory waterfowl, American egret, little blue heron, black-crowned night heron, cattle
egret, and aquatic species—sunfish, catfish, shad, drum, minnows, and limited shellfish.

Little of the original terrain remains within the boundary of Plant 4. Significant
alteration of the landscape has resulted from the construction of numerous buildings,
extensive paving, and the installation of storm drains and sewage lines. The construction
of Lake Worth in the 1910s modified the West Fork channel and inundated the river’s
flood plain and the benches that once defined the river’s course along the northern edge
of Plant 4 (De Vore 1990). Lands abutting Plant 4 on the east, south, and west likewise
have undergone substantial disturbance.

Compared with the amount of archaeological work that has been conducted in the Elm
Fork drainage of the upper Trinity River and the lower Trinity River drainage, very little
has been done in the West Fork watershed (Lynott 1977). Therefore, Peter and
McGregor (1988) base the following scheme of temporal division of the Prehistoric
period in the upper Trinity River drainage on work of previous researchers in the region
and in the State of Texas in general:

Paleo-Indian ca. 11,000 B.C. - 6000 B.C.
Archaic 6000 B.C. - A.D. 700

Late Prehistoric A.D. 700 - A.D. 1600
Protohistoric A.D. 1600 - A.D. 1800

Paleo-Indian occupation of the upper Trinity River drainage is evidenced primarily by
surface finds of diagnostic lanceolate projectile points and by points from "subsurface
contexts where they were found mixed stratigraphically with later materials" (ibid.).

Point styles represented in this area include Clovis, Folsom, Plainview, Hell Gap,
Meserve, Angostura, Scottsbluff, and others. Although early reports concluded that such
finds indicated a Paleo-Indian lifeway that was based on big-game hunting, Prikryl (1990)
claims that evidence for this belief is lacking in most areas of North America, including
north-central Texas, and that a generalized hunting-and-gathering economy was more
likely. Paleo-Indian sites of the upper Trinity River dramage are generally associated
with the second river terrace (Sciscenti 1972).
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The Archaic period in the upper Trinity River drainage is not well known. Few
controlled excavations have been conducted; consequently, there is "a lack of information
concerning the types of features and spatial patterning that would allow conclusions
about the nature of Archaic period occupations" (Peter and McGregor 1988). Under
Crook and Harris’ original definition (published in the early 1950s), the Archaic period
Trinity aspect was divided into early (Carrollton focus) and late (Elam focus) periods.
The former was associated with the Carrollton and Trinity dart points types, various
steep-bitted gouges, scrapers, and spokeshaves, the Waco sinker, the Carrollton ax, and
the use of nonlocal lithic material. Diagnostic of the latter period were the Ellis,
Yarbrough, and Elam projectile points and an increased use of locally available
quartzite. Prikryl (1990) assigns essentially the same bracketing dates to the Archaic
period in North-Central Texas but divides the Archaic into the Early, Middle, and Late
periods, and notes the relative abundance of sites and materials associated with the Late
Archaic. Generally, Archaic sites in the upper Trinity River drainage were associated
with the first river terrace (Sciscenti 1972).

The initial appearance of ceramics and arrow points marks the Late Prehistoric period in
the upper Trinity drainage. Most investigated sites of this period occurred in the East
Fork and middle Trinity drainages and were assigned to the Wylie focus. Associated
with these sites are permanent or semi-permanent villages evincing house structures,
hearths, trash pits, and burials (Peter and McGregor 1988). Lynott (1977) suggests early
and late phases of the Late Prehistoric period in the upper Trinity drainage, which are
distinguished by sand- and grog-tempered ceramics and shell-tempered ceramics,
respectively. Arrow points tentatively considered indicative of the early phase are the
Alba and Scallorn types, those of the late phase are the Perdiz and various unstemmed,
triangular forms (Peter and McGregor 1988).

The Protohistoric period is not well documented in the upper Trinity River drainage.
Peter and McGregor (1988) report that there has been no excavation of a Protohistoric
site in this drainage and that characterization of the native peoples of this time period is
not yet possible.

Archaeological evidence and documentation of the historic Indian occupation of the
upper Trinity River basin is sparse, but it is probable that the Wichita traveled and lived
here. Other groups associated with the area include the Kichai, the Yojuane (Sciscenti
1972), the Caddo, the Kickapoo, and Shawnee (Jurney and others 1988). Additionally,
Lynott (1977) suggests that a series of hunting and gathering bands united in this area as
the Tonkawa tribe to fend off the Wichita and Comanche.

Foreign settlement of other areas of Texas was well underway by the 1800s, but it did
not extend as far north as the upper Trinity River basin (Sciscenti 1972). Not until the
1840s did actual settlement of this area begin, but it happened quickly. By 1855, the
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frontier period was over in north-central Texas (Jurney and others 1988). Bird’s Fort,
operating by 1840, and Camp Worth, established in 1849, were among the earliest
settlements in the basin (Sciscenti 1972).

A search of maps and related files at the Texas Archaeological Research Laboratory
revealed no previously recorded cultural resources within the boundary of Plant 4
(Spock 1991). The nearest recorded resources were reported by Steven L. De Vore
(1990) during a reconnaissance survey of high probability areas on the CAFB and
consisted of two historic trash dumps/scatters, one historic building foundation footing,
one historic bridge, and one prehistoric isolated lithic find of unknown cultural
affiliation.

The paucity of cultural resources at and near Plant 4 is no doubt largely attributable to
the intense ground disturbance that has occurred as a result of the area’s development.
Although cultural resources are unlikely to be located within the Plant 4 boundaries,
previously undisturbed areas (particularly drainage courses, knolls, and rockshelters)
should be subjected to a Class III survey (100 percent pedestrian), and cultural materials
evaluated for their significance, prior to ground disturbance in those areas. Potential
finds include projectile points, beads, hearths, ceramic shards, structures, foundations,
and tools.
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3.0 Physical Characteristics of the Study Area

3.1 Physiography

Plant 4 is located within the Western Cross Timbers Section and the Grand Prairie
Section of the Central Lowlands Physiography Province. Most of Plant 4 is within the
Grand Prairie Section, which is typically a broad, gently sloping terrace of sedimentary
rock mantled by a thin layer of light brown to black loamy soil. The Grand Prairie
Section is typically grass-covered with isolated stands of upland timber.

The northwest corner of Plant 4 lies within the Western Cross Timbers Section, which is
characterized by rolling to hilly topography that is dissected into steep hills and deep
ravines. The Western Cross Timbers Section is typified by sandy soils supporting a heavy
growth of post oak and blackjack oak.

Topography at Plant 4 is generally flat except for areas adjacent to Meandering Road
Creek and Lake Worth. Elevations at the site range from 590 feet above mean sea level
along the shore of Lake Worth to approximately 670 feet above mean sea level at the
southwest corner of the site.

3.2 Cultural Geography
3.2.1 Land Use

Plant 4 is located in a highly urbanized area because of its close proximity to the city of
Fort Worth (see Figure 1.2.1-1). Plant 4 is directly bounded on the west by the city of
Fort Worth and on the west and south by the city of White Settlement. The portion of
Fort Worth adjacent to Plant 4 contains residential and commercial properties. The city
of White Settlement includes residential, commercial, and light industrial properties.
The area is accessed by two major interstate highways, I-80 from the north and south,
and I-30 from the east and west. Plant 4 is accessed directly from I-30 by State
Highway 341.

3.2.2 Demography

The population of Tarrant County (Fort Worth metropolitan area) is approximately
1,170,000; 447,600 of which live in the city of Fort Worth. Numerous smaller
communities (suburbs) make up the balance of the population. The communities of
White Settlement, Lake Worth Village, Westworth Village, River Oaks, and Sansom
Park Village lie within a 3-mile radius of Plant 4 and have the following populations
based on a 1990 census: White Settlement—15,472; Lake Worth Village—4,591;
Westworth Village—2,350; River Oaks—6,580; and Sansom Park Village—3,928.
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Residential housing is immediately adjacent to Plant 4 on the south and west sides. Six
schools are within a 2-mile radius of Plant 4, the closest school is 0.5 mile south of the
facility. Lockheed, the operating contractor at Plant 4, is the largest employer in the
Fort Worth metropolitan area with a work force of 19,200 people, followed by Bell
Helicopter (8,000) and the city of Fort Worth (6,000).

3.3 Air Quality

Ambient air quality for Tarrant County and the Fort Worth metropolitan area is
monitored routinely at several locations by the Texas Air Control Board (TACB) and
local agencies. The parameters monitored include total particulates (PM10), carbon
monoxide (CO), sulfur dioxide (SO,), ozone, nitrogen dioxide (NO,), and lead.
According to information received from the TACB (see Table 3.3-1), the 1991
attainment status for Tarrant County was as follows. The status for PM10 was
"Unclassified" because not enough data had been collected for classification. The
maximum levels recorded for PM10 ranged from 53 to 101 micrograms per cubic meter
(ug/m® (Federal standard is 150 ug/m’), and the annual averages ranged from 20.1 to
25.1 pug/m® (Federal standard is 50 ug/m®). The status for ozone was "Nonattainment,"
and the 1-hour maximum levels ranged from 0.15 to 0.17 parts per million (ppm)
(Federal standard is 0.12 ppm). The status for CO, SO,, and NO, was "Attainment,"” with
levels recorded well below the Federal standards. The status for lead was "Not
Designated" because the data had not yet been evaluated. Quarterly averages for lead
levels were 0.02 ug/m’® (Federal standard is 1.5 ug/m’).

3.4 Meteorology

Plant 4 is located at approximately 32 degrees north latitude and 97 degrees west
longitude in north-central Texas. The climate at the site is typified by hot summers and
cool, dry winters.

Area meteorological data were obtained from the meteorological station at CAFB.
These data were used to summarize historical data collected between 1942 and 1990
(see Table 3.4-1) and to assess recent data collected hourly from April 1, 1991, through
March 31, 1992 (see Figures 3.4-1 through 3.4-3). Each of these data sets is discussed
separately below.

3.4.1 Summary of Historical Data

As shown in Table 3.4-1, the mean annual temperature in the vicinity of Plant 4 is

66 degrees Fahrenheit (°F). Mean monthly temperatures range from 45 °F in January
to 86 °F in July. Extreme low and high temperatures have been reported at 0 and

110 °F, respectively. Typically, the cooler months include December through February
when average daily maximum temperatures range from 55 to 60 °F, and average daily
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minimum temperatures range from 35 to 39 °F. The warmer months include June
through August when average daily maximum temperatures range from 94 to 96 °F, and
average minimum temperatures range from 72 to 76 °F.

Mean annual precipitation is 31.6 inches, with some precipitation occurring every month.
Average monthly precipitation amounts are highest from April through May, ranging
from 3.8 to 4.4 inches, and from September through October, ranging from 3.2 to

3.6 inches. Average monthly precipitation amounts are lowest from November through
February, ranging from 1.7 to 1.8 inches, and during August when the monthly average is
1.9 inches. Thunderstorms may be expected every month; however, thunderstorms occur
most frequently during spring and summer.

Precipitation typically consists of a mixture of rain and snow during the late fall and
winter months. Snowfall amounts are generally greatest in January and February, when
average snowfalls of 1 inch may be expected. Although average snowfall amounts are
typically low, snowfall amounts of up to 12 inches in 1 month have been recorded.

During most of the year, the predominant wind direction is from the south. During the
winter months (i.e., December through February) the predominant wind direction is from
the north. Constant winds with an average speed of 7 knots are typical year round.

The average cloud cover in the area is 50 percent. Average relative humidity values
range from 57 percent in July and August to 70 percent in May. Average relative
humidity is 63 percent.

3.4.2 Recent Data

Figure 3.4-1 presents the temperature variations from April 1, 1991, to March 31, 1992.
The highest maximum temperatures were reported in July and August, with maximum
values ranging from about 90 to 100 °F. The lowest minimum temperatures occurred
between November and March, with minimum values ranging from about 25 to 45 °F.
The lowest temperature reported during the period was approximately 15 °F in

early February.

The magnitude of daily temperature fluctuations was generally lowest from late May

to late September. During this period, maximum and minimum daily temperatures were
relatively constant, and the average magnitude of fluctuations between extremes was
about 20 °F. The magnitude of maximum and minimum temperature values, as well as
fluctuations between extremes, were much more variable during the rest of the year.
The greatest daily fluctuations between extremes were reported in November, when
fluctuations of up to 60 °F were observed.
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Figure 3.4-2 shows the precipitation amounts reported from April 1, 1991, to

March 31, 1992. As shown, some precipitation was reported each month. Storm events
producing the greatest amounts of precipitation occurred in August (approximately

3.5 inches), November (approximately 4.5 inches), and December (approximately 3.5
inches). Except for these extremes, precipitation amounts generally ranged from less
than 0.5 inch to about 1.5 inches. Storm events that produced measurable amounts of
precipitation were reported most frequently during April, May, September, and
December. The driest months during the period included July, October, and February.

Figure 3.4-3 shows the barometric pressure measurements reported from April 1, 1991,
to March 31, 1992. Barometric pressures ranged from a low of about 28.80 inches of
mercury in late April to a high of about 30.05 inches in November. Barometric pressures
remained relatively constant during the summer months, ranging from 29.10 to

29.50 inches. Barometric pressures were most variable during the winter months, ranging
from lows of 28.95 inches to highs of up to 30.05 inches.

3.5 Ecology

Because of the urban environment surrounding Plant 4, there are few natural terrestrial
and aquatic communities in the area. However, Lake Worth and several small inlets
along its boundary, and Meandering Road Creek, do support a limited complex of
terrestrial and aquatic communities. The terrestrial community generally occupies a
narrow strip of upland between the Plant 4 facilities and the creek and the lake; the
aquatic communities include those of the creek, the inlets, and the lake (IT Corp. 1992).

The terrestrial ecosystem is characterized by upland sites where vegetation is dominated
by native and introduced grasses (e.g., Andropogon, Digitaria, and Cynodon), and
occasional oaks (Quercus spp.). Mice, gophers, squirrels, rabbits, granivorous and
insectivorous birds, lizards, snakes, skunks, and higher predators such as hawks, owls,
and foxes are expected to inhabit this community. Actual sightings in this community
included foxes, rats, squirrels, and fire ants.

A well-developed, wooded riparian corridor approximately 50 to 100 feet wide occurs at
the interface of the terrestrial community and the aquatic community of Meandering
Road Creek. Here, oaks (Quercus spp.), hackberries (Celtis spp.), Osage-orange
(Maclura pomifera), and wild roses (Rosa spp.) dominate the vegetative growth. Wildlife
expected in the riparian community are amphibians, arboreal mammals, insectivorous
birds, and animals that forage or prey near water, such as skunks, raccoons, and snakes.
Actual wildlife sightings included gulls, ducks, cranes, passerine birds, snakes, turtles, and
insects. Raccoon tracks were also observed in this area. The riparian community
diminishes as the creek approaches Lake Worth; along the outer reaches of the creek’s
inlet and along the lake itself, there is an almost direct interface between the upland and
lake communities, as the shoreline drops steeply into the water. Cattails, rushes, and
other forms of wetland vegetation are absent from the lake shore.
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Meandering Road Creek is an ephemeral stream fed mainly by stormwater runoff with
some baseflow contributed by groundwater discharge (seeps) along the east side of the
draw. High rainfall events periodically scour the streambed and help control the
development of the aquatic community. Living components of the stream community
include fish, macroinvertebrates, zooplankton, algae, and microbes. No submergent or
emergent macrophytes were detected in the stream at the time of field sampling. The
presence of small fish in pools indicated an active trophic system that is probably based
both on detrital decay from the riparian and upland systems and on algal productivity.

The Meandering Road Creek inlet provides an interface between the stream and lake
systems; four smaller inlets provide more direct interfaces between the terrestrial and
lake systems. On occasion, inlet water quality may be significantly affected by direct
contributions from adjacent terrestrial systems (and by flow from the creek, in the case
of the Meandering Road Creek inlet), but in terms of community structure, the inlets are
expected to be similar to Lake Worth. Biota of the inlet community include fish, turtles,
macroinvertebrates, zooplankton, macrophytes, algae, and microbes.

Constructed in the early 1900s, Lake Worth is a steep-sided, relatively shallow (less than
30-feet deep) reservoir on the West Fork of the Trinity River. It is used for recreation
and fishing, and as a domestic water supply. All trophic levels are expected in the
aquatic food web of the lake, including predatory vertebrates (fish, turtles),
macroinvertebrates, zooplankton, macrophytes, algae, and microbes. The transition
between the inlet and lake systems is not well defined, and the extent of mixing has not
been studied. However, it is expected that lake currents and mixing rates result in a
gradient of ecological conditions from the main body of Lake Worth to the upper
reaches of the inlets (IT Corp. 1992).

3.6 Surface Water Hydrology

The primary surface waters in the vicinity of Plant 4 include Lake Worth, Meandering
Road Creek, and Farmers Branch and West Fork of the Trinity River (see Plate 2).
Lake Worth extends along the northern boundary of the site. Meandering Road Creek
borders the western site boundary and flows north to Lake Worth. Farmers Branch
flows eastward near the southern boundary of the site and discharges into the West Fork
of the Trinity River. The West Fork of the Trinity River flows southeastward from the
Lake Worth dam and spillway. Each of the primary surface water features is described
in further detail in the following sections.

3.6.1 Lake Worth

The Lake Worth reservoir was constructed in 1914 by the city of Fort Worth as a
municipal water supply (U.S. Geological Survey [USGS] 1989). The reservoir was
created by damming the West Fork of the Trinity River northeast of Plant 4. In addition
to municipal water supply, the reservoir is also used for irrigation and recreation.
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The reservoir was constructed with a dam elevation of 606.3 feet above mean sea level.
According to Tarrant County Water Control and Improvement District Number One
daily gauge records, the dam spillway was originally constructed at an elevation of
594.3 feet above mean sea level; however, the elevation of the dam spillway was
modified and lowered to 594 feet above mean sea level in 1980. At full capacity, the
reservoir averages 6 feet in depth, with a maximum depth of 28 feet, and covers
approximately 3,560 acres with 37,066 acre-feet of storage. The spillway has a maximum
discharge capacity of 55,000 cubic feet per second. The drainage area associated with
Lake Worth covers approximately 2,064 square miles (USGS 1989).

Historically, silt accumulation was recognized as a problem in Lake Worth. The silting
problem was significantly reduced in 1934 following completion of two upstream
reservoirs: Bridgeport and Eagle Mountain. Because the reservoir was never dredged,
large silt accumulations may exist. Through adsorption, these accumulations would
significantly impact the fate of chemical constituents present in the lake.

The Tarrant County Water Control and Improvement District Number One maintains
reservoir records that include information on precipitation, stage heights, diversion
quantities, and flood gauging, from 1920 to the present. Review of records from water
years 1940 to 1991 indicate that releases over the spillway may occur at any time of the
year. During the 1940s, the reservoir had a constant net release; from approximately
1948 to present, the average annual stage height has typically been below the spillway.
Estimated average annual storage values for the period ranged from 23,746 acre-feet in
1956 to 38,664 acre-feet in 1942.

3.6.2 Meandering Road Creek

Meandering Road Creek borders Plant 4 to the west and flows north to Lake Worth.
Meandering Road Creek is an intermittent stream receiving the majority of its flow from
surface water runoff discharged into the creek via storm drains and culverts. Several
seeps were identified along the east bank of the creek during field reconnaissance. The
presence of these seeps indicates that Meandering Road Creek also receives some
baseflow from groundwater.

3.6.3 Farmers Branch

Farmers Branch originates in White Settlement and flows south of Plant 4 in an easterly
direction to the West Fork of the Trinity River. Like Meandering Road Creek, Farmers
Branch is an intermittent stream that receives most of its flow from surface water runoff
discharged into the creek via storm drains and culverts. ‘Comparison of water-table
elevations in the vicinity of Farmers Branch with a topographic profile of the stream
indicates that Farmers Branch may receive some recharge from groundwater.
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3.6.4 West Fork of the Trinity River

Near Plant 4, the West Fork of the Trinity River flows in a southeasterly direction from
the Lake Worth dam and spillway. Flow in the West Fork of the Trinity River is largely
controlled by releases from Lake Worth. However, some flow is attributed to surface
water runoff that reaches the stream via tributaries. Water table elevations near the
stream (see Figure I1-26) suggest that the West Fork of the Trinity River may receive
recharge from the upper-zone groundwater system.

3.6.5 Evaluation of Flood Potential

In 1982, the Federal Emergency Management Agency (FEMA) requested a flood
insurance study to investigate the existence and severity of flood hazards in the
unincorporated areas of Tarrant County, including the area in the vicinity of Lake
Worth. This study physically delineated theoretical flood events, such as the 100- and
500-year flood. Results of the study estimated that stage heights for the 100-year flood
will be 599.9 feet and approximately 602.7 feet for the 500-year flood (FEMA 1987).
These values equate to stage heights over the spillway of 5.9 feet and 8.7 feet,
respectively. According to reservoir records obtained from the Tarrant County Water
Control and Improvement District Number One, the historical stage height nearest to the
projected events was 4.17 feet over the spillway, recorded on May 25, 1957.

Delineations of the projected extent of the 100- and 500-year flood plains in the vicinity
of Plant 4 are shown in Figure II-11. These delineations are consistent with the
estimated Lake Worth stage heights presented in the 1987 FEMA study. Areas where
the extent of the 100- and 500-year flood events closely correspond are designated as the
combined 100- and 500-year flood event in Figure II-11. As shown, neither the 100- nor
500-year flood event will directly impact Plant 4. Therefore, flooding is not considered a
likely mechanism for transport of chemicals from the site. In addition, protection against
flooding may not be a design consideration during implementation of any future on-site
remedial actions.

Meandering Road Creek, located west of the Plant 4 boundary, is impacted by the
100-year flood. One-hundred-year flood waters are estimated to extend approximately
900 feet upstream from the mouth of Meandering Road Creek. Therefore, any
chemicals present in sediment and surface soil within this area could potentially be
transported to the Lake Worth system through submersion and erosion. Any future
remedial actions within the projected extent of the 100-year flood event will require
design consideration for protection against flooding.

The remaining primary surface waters in the area, Farmers Branch and the West Fork of
the Trinity River, are both impacted by the projected extent of the 100- and 500-year
flood events. Both the 100- and 500-year flood events are estimated to extend
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approximately 1,600 feet upstream from the mouth of Farmers Branch. The extent of
flooding along the West Fork of the Trinity River would be most pronounced in the area
immediately below the Lake Worth dam. Any chemicals present in sediment and surface
soil within the projected extent of flooding along these surface waters could potentially
be transported downstream along the West Fork of the Trinity River.

3.7 Geology

3.7.1 Regional Geologic and Structural Setting

The bedrock geology of west-central Tarrant County is characterized by sedimentary
rocks of the Early Cretaceous period underlain by undifferentiated rocks of the Paleozoic
era. Unconsolidated thin alluvial deposits of the Quaternary period cover bedrock in
and near major stream and river valleys.

The sedimentary rocks in the site area were deposited in a stable structural setting on
the Texas craton. Figure 3.7.1-1 shows the structural features and their proximity to the
site in Tarrant County. Those features include the Mexia-Talco fault system about

80 miles to the east, the front of the Ouachita overthrust about 30 miles to the east, and
the south end of the axis of the Fort Worth basin, located directly under the site, in
which sediments accumulated during most of the Paleozoic era.

In the latter part of the Paleozoic era, during the Permian period, the site area was
uplifted and the extensive erosion that occurred through the Jurassic period produced a
flat surface upon which early Cretaceous period marine sediments (Comanchean Series)
were deposited along an oscillating shoreline. The marine sediments are preserved as a
southeast-thickening wedge of rocks extending from the site area into the East Texas
basin (see Figure 3.7.1-1). From the Late Cretaceous period through the Tertiary
period, the sea withdrew toward the gulf, and, except for minor periods of subsidence,
the land surface was eroded and modified by streams. During the Quaternary period,
the streams deposited alluvial sediments. The older sediments are represented by
terrace deposits above the alluvial-filled valleys of present streams.

Table 3.7.1-1 lists the regional stratigraphic units of interest in the vicinity of Plant 4.
These units are described in the following section in descending order, from youngest
to oldest.

" Unconsolidated alluvial sediments and fill material overlie Cretaceous period rocks and

consist of Holocene epoch fill material and flood plain deposits and Pleistocene epoch
terrace deposits. The fill material on and adjacent to the Plant 4 site was emplaced
since the 1940s and consists of general refuse and construction debris (i.e., lumber,
asphalt, metal, concrete, glass, and plastic) mixed with gravel, sand, silt, and clay. The
flood plain deposits consist of alluvium (i.e., gravel, sand, silt, silty clay, and organic
material) that fill present stream and river valleys. The Pleistocene epoch terrace
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Table 3.7.1-1 Stratigraphic Units of Interest in the Vicinity of Plant 4

Era System Series Group Stratigraphic Units

Fill Material
Cenozoic Quaternary Holocene Alluvium

Pleistocene Fluvial Terrace Deposits

Tertiary

Gulif

Washita Duck Creek Limestone

Cretaceous Kiamichi Formation

Mesozoic

Comanche Fredericksburg | Goodland Limestone
Walnut Formation

Trinity Paluxy Formation
Glen Rose Formation
Twin Mountains Formation

Paleozoic Paleozoic Rocks
Undifferentiated

deposits occur above the present stream valleys and consist of gravel, sand, and silt that
represent older flood plain deposits.

Lower Cretaceous period rocks consist of the Washita, Fredericksburg, and Trinity
Groups (see Table 3.7.1-1), all of which dip gently toward the east-southeast at
approximately 0.4 degrees or 37 feet per mile (Leggat 1957). Rocks of the Washita
Group occur south and east of Plant 4; the two lowermost formations in the group, Duck
Creek Limestone and Kiamichi Formation, form the hilltops and hillsides, respectively,
about 1 mile east and south of the plant. The Duck Creek Limestone consists of gray,
aphanitic, fossiliferous limestone that is 30- to 100-feet thick (McGowen and

others 1988). The slope-forming Kiamichi Formation is from 20- to 50-feet thick and
consists of alternating brown clay and gray, aphanitic, fossiliferous limestone beds
(McGowen and others 1988).

Rocks of the Fredericksburg Group, which consist of Goodland Limestone and the
conformably underlying Walnut Formation, crop out in Plant 4 or underlie most of the
site. The Goodland Limestone forms low, rounded hills and buttes, and upland surfaces
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capped by terrace material and is usually well-exposed on steep, west-facing escarpments.
The Goodland Limestone comprises white, chalky, fossiliferous, thinly to massively
bedded, resistant limestone, and gray to yellow-brown silty marl. The formation is
extensively jointed and ranges from 0- to 130-feet thick in Tarrant County (Leggat 1957).
West of the Plant 4 area, the Walnut Formation forms resistant ridges of indurated
fossiliferous limestone and shell coquinite. Included in the formation, which is an
average of 30 feet thick, are interbedded brown sandy clay, thinly bedded fossiliferous
clay, fissile shale, and iron-stained earthy limestone (Leggat 1957).

Rocks of the Trinity Group, which consist of the Paluxy, Glen Rose, and Twin
Mountains Formations, crop out west of Plant 4 and underlie the site. The Paluxy
Formation, disconformably separated from the overlying Walnut Formation, forms the
bed of Lake Worth and consists of sandstone and siltstone interbedded with sandy to
silty, calcareous, waxy clay and shale (Nordstrom 1982). The sandstone, composed of
fine- to coarse-grained white quartz, is well-sorted, poorly consolidated, and cross-
bedded. Iron and pyrite nodules occur in the sandstone, and lignite is locally present.
The thickness of the Paluxy Formation in Tarrant County ranges from 140 to 190 feet
(Leggat 1957). Conformably underlying the Paluxy Formation is the Glen Rose
Formation that consists of sandstone, clay, sandy clay, limestone, and anhydrite. In the
Lake Worth area, the Glen Rose Formation is approximately 250 feet thick. The Twin
Mountains Formation (formerly the Travis Peak Formation) is overlain conformably by
the Glen Rose Formation. The Twin Mountains Formation grades upward from a basal
conglomerate of chert and quartz to a fine- to coarse-grained sandstone interbedded with
shale and clay (Leggat 1957). The thickness of the Twin Mountains Formation is
approximately 250 feet below Lake Worth with increasing thickness to the east.

Undifferentiated Paleozoic-era rocks are overlain unconformably by the Twin Mountains
Formation. The Paleozoic-era rocks are 6,000 to 7,000 feet thick and consist of well-
indurated shales, sandstones, and limestones.

3.7.2 Site Geology

Figure 3.7.2-1 shows the surface geology of an approximate 16-square-mile area that
surrounds and includes the Plant 4 site. The geologic map presented in the figure is part
of the larger geologic map of central Tarrant County, published at 1:24,000 scale on an
aerial photograph base map by the Fort Worth Geological Society (Rogers and

others 1972). Several spot field checks were performed to verify the accuracy of the
mapped geologic contacts. Minor modifications were made to the existing map to add a
thin strip of Paluxy Formation outcrop along the shore of Lake Worth northwest of Plant
4 and a narrow band of- Paluxy Formation outcrop along Meandering Road Creek just
south of Lake Worth.
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Geologic units that are of concern at the site were penetrated by monitoring wells and
soil borings; these units include, in descending order, fill material, alluvium, terrace
deposits, Goodland Limestone, Walnut Formation, and Paluxy Formation. The following
sections describe the physical characteristics and thickness of each of these units around
the site.

3.7.2.1 Kl Material, Alluvium, and Terrace Deposits

Quaternary period alluvium that occurs downstream from the Lake Worth dam in the
present flood plain of the West Fork of the Trinity River, east of Plant 4 and CAFB, is
mainly of the Holocene or Recent epoch (see Figure 3.7.2-1). Older alluvial deposits
and the terrace deposits of mainly the Pleistocene epoch cover most of the nearly flat
surface that tilts gently to the east. Plant 4 and CAFB occupy most of this flat surface,
which continues eastward to the flood plain of the West Fork of the Trinity River and
includes part of Westworth Village.

Fill material is included in the area mapped as terrace deposits in both Plant 4 and
CAFB. The fill occurs in abandoned landfills, waste pits, excavated areas, and where the
land surface was graded or altered for construction of buildings, parking lots, and other
paved areas such as runways (Hargis + Associates 1989b). The fill material generally
comprises unconsolidated mixtures of clay, silt, sand, and gravel but may also contain
general refuse, chemical sludge, and construction debris (i.e., lumber, asphalt, metal,
concrete, glass, and plastic). Fill material is particularly common along the west side of
Plant 4 in Landfill Nos. 1 through 4 where the fill may be up to 20 feet thick. In these
landfills, fill material replaced terrace deposits that were removed or fill was dumped on
the slope at the edge of the terrace. In some places, fill material extends down

to bedrock.

The unconsolidated terrace alluvial material is poorly to moderately sorted and is
composed of heterogeneous interbedded clay, silt, sand, and gravel. Individual beds are
not laterally continuous. Most of the clastic material (which ranges up to cobble size) in
these sediments consists of limestone and fossil shell fragments; sand grains composed of
quartz are a minor constituent.

Terrace deposits and/or fill material are present over most of the area of Plant 4 and
CAFB. Fill and terrace material are not present along some of the west edge of Plant 4
where the Walnut Formation crops out and in parts of the south end of Plant 4 where
the Goodland Limestone crops out (see Figure 3.7.2-1). The thickness of the terrace/fill
varies considerably around Plant 4. The thickest accumulations are up to about S0 feet
in the area of the Radar Range and up to nearly 60 feet in the east part of the East
Parking Lot. These thickness variations indicate the presence of valleys and hills on the
bedrock surface. The valleys have been eroded mainly into the Goodland Limestone
and the Walnut Formation.
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The general configuration of the bedrock surface upon which the terrace alluvial
material was deposited may be inferred from the computer-contoured map that shows
the elevation of the top of competent bedrock (see Figure 3.7.2-2), which corresponds to
the base of the upper zone. The thickness of weathered bedrock above the competent
bedrock ranges from zero to as much as 10 feet. Figure 3.7.2-2 shows the positions of
three troughs or channels where the thickest accumulations of terrace material are
located. The first channel is located beneath the southern end of the Assembly Building
and extends to the northeast, beneath the East Parking Lot, and then southeast beneath
the flightline (Runway No. 130 North). In the vicinity of the Flightline area, the channel
apparently splits with the main link extending to the southeast. A cross section
presented in the Interim Remedial Investigation Report (Hargis + Associates 1989a) and
the cross sections in Figures II-1, II-2, and IT-8 show that this channel cut down nearly
through the entire thickness of the Walnut Formation. The second channel extends
north from the FFSA to Landfill No. 2. These two troughs are likely the expression of
meander bends that mark the former position of the West Fork of the Trinity River. A
third trough is subtle and extends east and southeast from FDTA-2 toward the Assembly
Building.

Coarse sand and gravel deposits occur immediately above bedrock in several areas on
Plant 4 and CAFB. The greatest thickness of these coarse deposits is in the troughs
where the gravels were deposited as channel lag on the scoured bedrock surface. The
trough near the FFSA contains basal sand and gravel at least 20-feet thick. Basal sand
and gravel in the trough in the East Parking Lot area reaches a thickness of at least

15 feet (Hargis + Associates 1989a). Basal sand and gravel in the southeastward
extension of this trough under the runways at CAFB range up to at least 35-feet thick.
Sand and gravel greater than 20-feet thick at CAFB occurs in an 800-foot wide area that
trends eastward approximately in line with White Settlement Road. These deposits
probably coincide with the location of a former channel of what is now Farmers Branch
Creek (Radian Corporation 1990).

3.7.2.2 Goodland Limestone

Rocks of the lower Cretaceous period Goodland Limestone (the upper member of the
Fredericksburg Group) crop out in only a few small areas in the south and southwest
parts of Plant 4 and CAFB (see Figure 3.7.2-1). The Goodland Limestone is present in
the subsurface at Plant 4 and CAFB, except where erosion has removed it in the
northwest part of Plant 4, the north part of CAFB, and in deeply eroded meander bends
cut by former courses of the West Fork of the Trinity River beneath both Plant 4

and CAFB.

The top of the formation is highly weathered in places because it was exposed for a long
period prior to deposition of overlying Quaternary period alluvial deposits. The
thickness of the formation on the site is variable, depending on the amount of erosion
that has occurred. The thickest Goodland Limestone encountered in the site area (just
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west of Plant 4 at well EPA-4) is 47 feet. For wells within Plant 4, the maximum
thickness of Goodland is 20 to 25 feet, as shown in cross sections in the Interim
Remedial Investigation Report (Hargis + Associates 1989a).

The Goodland Limestone consists of chalky white, fossiliferous, dense, thinly to massively
bedded limestone interbedded with gray to yellow-brown stiff clay and marl. The
formation forms prominent white escarpments along streams, an example of which is the
outcrop near well EPA-4 on the steep slope just east of Meandering Road Creek.
Extensive jointing is exposed in this outcrop; however, core samples from the Goodland
Limestone indicate that joints are rare in unweathered limestone. No subsurface faults
are known to occur in the Goodland Limestone in the vicinity of Plant 4 (Hargis +
Associates 1989b).

3.7.2.3 Walnut Formation

The Lower Cretaceous period Walnut Formation (the lower member of the
Fredericksburg Group) underlies most of Plant 4 and CAFB. The formation crops out in
the low cliffs along the Lake Worth shore north and northwest of Plant 4 and along
Meandering Road Creek west of Plant 4 (see Figure 3.7.2-1).

Where erosional channels have not been cut into the top of the Walnut Formation, the
thickness of the formation at Plant 4 is fairly constant and varies between 25 and 35 feet.
The maximum reported thickness of the Walnut Formation in the Plant 4 area (at well
P-1 between Clifford Avenue and the Assembly Building) is 46 feet (Hargis +
Associates 1989b). A reinterpretation of the thickness of the Walnut Formation from
the lithologic log from well P-1 places the thickness of the Walnut Formation at about
30 feet, which is similar to the Walnut Formation thickness at nearby well P-26.

The configuration of the top of the Walnut Formation at Plant 4 was shown previously
(Hargis + Associates 1989b, Figure S). Except for the deep channel cut into the Walnut
Formation in the East Parking Lot, the top of the Walnut Formation shows few abrupt
changes in elevation. A reinterpretation of the sharp rise or knob in the top of the
Walnut Formation south of Building 12 (Hargis + Associates 1989b, Figure S) shows the
feature is unsubstantiated because the wells (HM-3A, HM-4A, and F-221) on the
feature did not penetrate deep enough to contact the Walnut Formation.

The three cross sections in the Interim Remedial Investigation Report (Hargis +
Associates 1989a, Figures 6, 7, and 8) and the cross sections in Figures II-1 through
I1-10 show the thickness of the Walnut Formation throughout Plant 4. Water levels
shown on the Volume II cross-sections (Figures II-1 through II-10) are based on
September 1991 or the most recent September/October water-level measurements. The
cross section through the south edge of Plant 4 by Hargis + Associates (1989a, Figure 8)
does not show the thick knob of Walnut Formation shown in the earlier Hargis +
Associates report (1989b, Figure 5); therefore, the Walnut Formation thickness in this
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part of the site is characterized as fairly constant. The north-oriented cross section in
the report by Hargis + Associates (1989a, Figure 6) and Figures II-1, II-2, and II-8
show the abrupt decrease in thickness of the Walnut Formation in the East Parking Lot
area where the former river channel cut through most of the Walnut Formation. It is
possible that the former channel has cut entirely through the Walnut Formation and into
the underlying Paluxy Formation in the East Parking Lot area; however, no lithologic
data from wells and soil borings confirm this.

The northwest-oriented cross section in the report by Hargis + Associates (1989a,
Figure 7) suggests that in the northwest end of the section, Meandering Road Creek has
cut through the entire thickness of the Walnut Formation. Determination of the base of
the Walnut Formation from lithologic logs for wells located both east (wells P-22 and
P-24) and west (wells P-10 and P-29) of lower Meandering Road Creek indicates that
contact with the underlying Paluxy Formation is at an elevation of 600 feet. This
suggests that the lower section of Meandering Road Creek has cut through the entire
thickness of the Walnut Formation for a distance of about 1,000 feet before it empties
into Lake Worth, which is normally at an elevation of 593 to 594 feet. However, a field
inspection along the lowermost reach of Meandering Road Creek did not identify the
basal contact of the Walnut Formation and the underlying Paluxy Formation in the creek
bed because of thick cover and absence of outcrops.

The Walnut Formation, also referred to as Walnut "Shell" (Rogers and others 1972) and
Walnut Clay (McGowen and others 1988), is mainly a shell agglomerate or coquinite
that contains abundant Gryphaea marcoui and Exogyra texana (Leggat 1957). The
coquinite often has a matrix of calcareous shale and clay. Interbeds of calcareous shale
and clay also occur. Black, fissile shale was encountered in several boreholes from the
upper part of the formation just above the coquinite. Dense sandy limestone, silty shale,
and minor pyrite also occur in the lower part of the formation.

A disconformity separates the base of the Walnut Formation from the top of the
Paluxy Formation. No faults or prominent fractures are known to occur in the
Walnut Formation.

3.7.2.4 Paluxy Formation

The Paluxy Formation, commonly called the Paluxy Sand, is the upper member of the
Lower Cretaceous period Trinity Group. The Paluxy Formation underlies all of Plant 4,
and its uppermost part crops out along the Lake Worth shoreline just northwest of
Plant 4.

The thickness of the Paluxy Formation ranges from 133 to 175 feet in the Plant 4 area
(Hargis + Associates 1989b). The formation predominantly consists of several thick
sandstone layers (cumulatively, about 120-feet thick in this area) separated by thin,
discontinuous shale and claystone layers. The lower part of the Paluxy Formation is
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generally coarser grained than the upper part. The top of the underlying Glen Rose
Formation is defined as the first occurrence of a limestone unit.

In the Plant 4 area, the Paluxy Formation was deposited as a strandplain facies, which
consists largely of sandstone (Caughey 1977). This intercalated sandstone and shale
sequence was deposited as a shifting complex of near-shore (littoral) environments on
the western margin of the East Texas embayment.

Sandstones in the Paluxy Formation are porous, fine- to very fine-grained, and composed
of moderately to well sorted, subangular to subrounded, white quartz sand. The
sandstones are poorly cemented (friable) to slightly indurated with sparry calcite cement
(Caughey 1977). Traces of pyrite, iron oxides (limonite concretions), and glauconite
occur in the sandstone, and these can be locally abundant. Thinner sandstone beds tend
to be the most diverse and contain pyrite nodules, traces of lignite, silicified wood, and
carbonized plant fragments. The sandstones commonly exhibit low-angle cross-bedding.
This cross-bedding was observed in core from the Paluxy Formation and in outcrop along
the Lake Worth shoreline northwest of Plant 4 where horizontal fossiliferous limestone
beds of the Walnut Formation truncate cross-bedded yellow-brown sandstone of the
upper Paluxy Formation.

Bedding in the gray to green-gray or olive green shales (mudrocks) and silty claystones of
the Paluxy Formation may be horizontally laminated, massive, or burrowed (churned or
bioturbated). The mudstones commonly contain carbonized plant fragments and thin
beds of lignite.

The thicknesses of individual sandstone and shaley units in the Paluxy Formation vary
across the site. In the upper part of the Paluxy Formation, differences in the individual
sandy and clayey units can be subtle (i.e., silty claystone compared to very fine-grained
sandstone) and facies changes occur across the site (claystone may grade into very fine-
grained sandstone).

Previous reports divided the Paluxy Formation at Plant 4 into upper, middle, and lower
Paluxy units (Hargis + Associates 1989a, 1989b). This division was characterized as
three distinct, continuous sandstone units separated by continuous beds of shale,
claystone, and siltstone. Additionally, a distinct sand unit, termed the Upper Sand, was
reported in the uppermost portion of the Paluxy Formation. The upper Paluxy
Formation was reported to contain finer-grained sediments than the middle and lower
Paluxy Formation.

Core descriptions from five boreholes drilled into the Paluxy Formation by Geotech from
May to July 1991 did not substantiate the division of the Paluxy Formation described
above by Hargis + Associates (1989a, 1989b), which was derived largely from drill
cuttings from numerous boreholes. Because core recovery was only fair in the Paluxy
Formation (many zones of very fine-grained, friable, water saturated sandstone were not

DOE/Grand Junction Projects Office Remedial Investigation Report
September 1995 Page 3-23




2641'72

recovered), geophysical logs of boreholes were evaluated to help determine if continuous
clayey or shaley lithologic units separate the sandstone of the Paluxy Formation across
the site. It was recognized by the Corps (1986) during their installations of Paluxy
Formation monitoring wells that lithologic logs of the Paluxy Formation made from

drill cuttings did not agree with the geophysical logs of the same sections of rock.

Given the soft, friable character of the Paluxy Formation and its fine-grained nature,
drill cuttings were often not representative of the lithology being drilled; therefore,
greater reliance can be placed on the geophysical logs to provide information on subtle
lithologic changes.

Geophysical logs available for the following 11 boreholes were evaluated in a cursory
nature to determine the presence of continuous clayey or shaley intervals within the
Paluxy Formation: P-5U, P-9U, P-10U, P-12U, P-13M, P-15U, P-21U, P-22U,
P-24EB, P-25EB, and P-26EB. The geophysical logs for the 11 boreholes are
presented in Appendix L. All 11 boreholes have gamma-ray logs. In addition, resistivity
and spontaneous potential logs were run in three of the boreholes, and a resistivity log
was run in one of the boreholes. Only three of the geophysically-logged boreholes
(P-24EB, P-25EB, and P-26EB) penetrated the entire thickness of the Paluxy
Formation. One borehole (P-13U) penetrated all the way through the upper and middle
portions of the Paluxy Formation. The remaining seven logged boreholes penetrated 50
feet or less into the upper portion of the Paluxy Formation.

The three deep boreholes that penetrated the entire thickness of the Paluxy Formation
and were logged using borehole geophysics do not provide sufficient coverage to allow a
detailed site-wide correlation of individual sandy and shaley units reported in the
borehole logs.

The most extensive unit that can be mapped within the Paluxy Formation on the basis of
the geophysical logs and the five Geotech core logs is a shale or silty shale bed about

3- to 5-feet thick that occurs just below a fine-grained sandstone bed S feet in thickness
at the top of the Paluxy Formation. This correlation could only be made along the south
edge of the Plant 4 site in boreholes P-12U, P-13U, and P-26EB (from east to west),
and this relationship was verified by description of core from boreholes P-30M and
P-31U in the same area. The correlation of this shale unit northward across the site in
boreholes P-25EB and P-26EB is tenuous, however. At borehole P-25EB, the
uppermost shale is approximately 20 feet below the top of the Paluxy Formation, and at
borehole P-26EB, the first shaley unit is approximately 40 feet below the top of the
formation.

Other minor shaley or silty shale units in the Paluxy Formation can be recognized in the
geophysical logs, but these units do no support correlation across the site. Subtle and
frequent facies changes in the fine-grained sediments of the Paluxy Formation are the
principal reasons that individual shaley or clayey units in the Paluxy Formation are
traceable for only hundreds of feet rather than across the site.
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3.8 Hydrogeology

The hydrogeologic system of interest at Plant 4 includes three main units: an upper-zone
groundwater system; an aquitard system composed of competent bedrock of the
Goodland Limestone and Walnut Formation; and the Paluxy Aquifer, which is a source
of municipal water supply for the city of White Settlement. The hydrogeology of the
upper-zone groundwater system and the underlying aquitard formations are discussed in
Sections 3.8.1 and 3.8.2, respectively. Hydrogeology of the Paluxy Aquifer is discussed in
Section 3.8.3.

3.8.1 Upper-Zone Groundwater

Upper-zone groundwater at Plant 4 occurs in unconsolidated Quaternary Period deposits
and weathered Goodland Limestone, both of which overlie competent bedrock.
Lithology of the upper-zone groundwater system consists primarily of silt and clay
material, with silty sand and gravel deposits often present in paleochannels incised into
bedrock.

The upper-zone groundwater system is underlain by competent Goodland Limestone and
Walnut Formation. The Goodland Limestone is an assemblage of interbedded siltstone,
claystone and limestone. The Walnut Formation consists of highly indurated limestone
and shell agglomerate. These two formations form an aquitard that restricts the flow of
groundwater between the upper-zone flow system and the underlying Paluxy Formation.
In many areas the Goodland Limestone is located at or very near the land surface.
Upper-zone groundwater is essentially absent in these areas. Elsewhere the Goodland
Limestone and Walnut Formation are incised by paleochannels filled with alluvium. The
Goodland Limestone is often entirely absent in these areas. Locally, such as beneath the
East Parking Lot, the Walnut Formation has been eroded almost completely by a
paleochannel, creating a potential for groundwater flow into the Paluxy Formation.

Detailed lithologic descriptions of the unconsolidated Quaternary Period deposit and
cross sections through the upper-zone are presented in Section 3.7.

3.8.1.1 Upper-Zone Groundwater: Recharge and Discharge

Natural recharge to the upper-zone flow system occurs through direct infiltration of
precipitation and runoff. Extensive paved areas and buildings restrict the natural
infiltration of precipitation over much of Plant 4. However, precipitation does infiltrate
through several large grassy areas that include portions of the flight-line area, the radar
range, and Landfills No. 2, 3, and 4.

Additional recharge also occurs as leakage from water-supply lines, fire-fighting pipe
systems, cooling-water systems, sanitary sewers, and storm sewers. Preliminary data from
General Dynamics for the period January 1, 1991, through December 31, 1991, can be
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used to estimate losses from the combined water-supply, sanitary sewer, storm sewer and
outfall (Nos. 1 and 4) systems. Data obtained from General Dynamics (General
Dynamics Facility Management 1992) indicate that General Dynamics purchased

934.7 million gallons of water from the City of Fort Worth in 1991. After use, this water
was then discharged to the sanitary sewer and Outfalls No. 1 and 4. City water was also
used to keep the fire-fighting system pressurized.

For 1991, Plant 4 records indicate a storm-sewer discharge of 677.6 million gallons, an
Outfall No. 1 discharge of 127 million gallons, and an Outfall No. 4 discharge of

14.6 million gallons. The difference between inflow and outflow is 115.5 million gallons
for 1991. This is equivalent to a leakage-induced recharge rate of 316,000 gallons per
day (gpd). This value is considered to be a conservative estimate of the leakage rate
because past employment and water usage have been greater than in 1991. Additionally,
limited data available from earlier years suggests that losses in the past may have been
greater due to temporary line breaks and/or perforations (General Dynamics Facility
Management 1992).

Some losses are also expected from the cooling water system. This system consists of a
1-mile long, 48-inch-diameter pipeline supplied with water from Lake Worth. This
system delivers water under pressure to the main cooling tower and then returns it under
open-channel flow conditions to the lake. The system operates at flow rates that vary
between 6 and 40 million gallons per day (mgd) (General Dynamics Facility
Management 1992). However, this system is not continuously monitored and leakage
rates cannot be estimated.

A recharge rate of approximately 316,000 gpd over the main plant area represents a
moderate flux into the upper-zone flow system. As such, losses from the pipe systems
have some influence over the direction and rate of groundwater flow and contaminant
transport and contribute to the dilution of subsurface contamination.

Specifically, this localized recharge to upper-zone groundwater contributes, in part, to the
high hydraulic heads measured beneath Plant 4. Figure I1-24, a map of water-table
elevations in the upper zone, shows two groundwater mounds in the vicinity of the main
building. One mound is located at the southern portion of the Assembly Building/Parts
Plant, and the second is located near the northern portion of the Assembly
Building/Parts Plant. As shown in Figure II-25, a map of the base of the upper-zone
flow system, locally high areas of competent bedrock underlie the groundwater mounds.
This indicates that the bedrock topography also contributes to the high water-table
elevations found beneath the plant.

If the leakage from the pipe systems was reduced, water-table elevations beneath the
plant would decline. This would lead to smaller hydraulic gradients, lower groundwater
velocities, and lower dilution ratios for subsurface contamination. Flow directions might
also change, although such changes would likely be minor as the directions of
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groundwater flow are strongly influenced by the topography of the competent bedrock.
Given that the volume of water lost from the Plant 4 water-distribution system is typical
of conventional potable water-supply systems, it is unlikely that significant reductions in
the loss rate are possible, as long as the plant is in operation. Complete elimination of
potable water losses would require the excavation and replacement of tens of thousands
of feet of pipe that currently underlie the main building—together with a myriad of other
utilities. Nonetheless, the result of leakage reductions (and complete leakage
elimination) is being examined, in terms of flow directions and gradients, via the
groundwater flow model.

Discharge from the upper-zone flow system occurs primarily as seeps to Meandering
Road Creek, baseflow to Farmers Branch, and discharge to the West Fork of the Trinity
River. Locations of these discharge sites are shown on the regional water-table map
(Figure II-26). Discharge from the upper-zone groundwater also occurs as vertical
leakage into the Paluxy Aquifer. Most of the vertical leakage occurs in areas such as the
axes of paleochannels where considerable portions of the Goodland Limestone and
Walnut Formations are absent. Results of previous investigations indicate that one such
area exists beneath the East Parking Lot. This location has been referred to as the
"window area" (Figure 3.8.1-1). The relative quantities of water discharging from the
upper-zone flow system at various discharge locations are unknown.

3.8.1.2 Upper-Zone Groundwater: Hydraulics

The upper-zone flow system is bounded by the water table and the contact between
unconsolidated deposits/weathered bedrock and competent bedrock. The difference in
elevation between the water table and competent bedrock defines the saturated
thickness. The elevation of the water table was measured at 179 upper-zone monitoring
wells at Plant 4 in September, 1991. One complete set of measurements was taken in
September 1991. A local-scale water-table contour map, constructed from these
measurements is presented in Figure II-24. Additionally a regional-scale water-table
contour map (Figure II-26) was constructed on the basis of upper-zone water-level
measurements at Plant 4, CAFB, and surface-water elevations in the West Fork of the
Trinity River.

Both Figures II-24 and II-26 show that the upper-zone flow system contains
groundwater mounds at the northern and southern parts of the Assembly Building/Parts
Plant. These mounds are likely a result of groundwater recharge from leaking water
pipelines. As shown on Figures I1-24 and II-26; groundwater flow directions diverge
from the mounds.
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Groundwater flows in three primary directions in the vicinity of Plant 4. The dominant
flow direction is towards the east, originating at the south central part of Plant 4.
Secondary flow directions include the westerly flow direction originating at the west
central part of the Assembly Building/Parts Plant, and the northerly flow direction
originating at the northern part of the Assembly Building/Parts Plant. Approximate
hydraulic gradients (defined as the change in head along the flow path) in these three
flow domains range from 0.005 to 0.01 in the easterly flow direction, 0.004 to 0.2 in the
westerly flow direction, and 0.01 to 0.03 in the northerly flow direction.

The area beneath and just west of the Assembly Building is characterized by relatively
flat hydraulic gradients. To show additional detail in this area, bedrock and water table
contour maps plotted at 2-foot contours are provided in Figures 3.8.1-2 and 3.8.1-3
respectively. These figures show that both the water-table and bedrock topography form
a saddle in the vicinity of Building 14, with groundwater flow directed east and west of
this saddle.

The base of the upper-zone flow system at Plant 4 is defined as the top of competent
bedrock. Records of drillholes installed at Plant 4 were used to obtain elevations of the
top of competent bedrock material. Figure II-25 is a contour map which illustrates the
top of competent bedrock at Plant 4. Paleochannels trending northeast across the East
Parking Lot, southeast across the flight lines at CAFB, and north from the northern end
of the Assembly Building/Parts Plant are evident in Figure II-25. Saturated thicknesses
in the upper-zone flow system are generally greatest along the axes of these
paleochannels.

Basal gravel is frequently present at the contact between competent bedrock and the
upper zone. Basal gravel attains maximum thickness in the East Parking Lot area along
the course of the main northeast trending paleochannel. Lithologic logs compiled by
previous investigators (Hargis + Associates 1989) indicate that monitoring well HM-089,
located within the paleochannel, contains 16 feet of basal gravel deposits. Basal gravel
thicknesses are significantly less outside the paleochannel.

Slug tests were performed on 25 monitoring wells to obtain estimates of hydraulic
conductivity in the upper zone. Some of the wells included in the slug testing program
have screens that extend into weathered portions of the Goodland Limestone. It was
considered appropriate to test these wells (such as W-128L, W-133L, and W-157)
because the upper-zone flow system has been defined to include unconsolidated alluvium
and weathered portions of the Goodland Limestone. Results of the slug tests are
suitable for characterizing the hydraulic conductivity of a small cylinder of porous media
that surrounds the well screen. - The results of slug tests are representative of smaller
volumes of porous media than are the results of conventional pumping tests. The tests
were performed according to the procedures identified in the RI Work Plan. The only
exception was that a different recording schedule was used to accommodate the In Situ
data loggers. Slug test analyses were based on the method of Bouwer and Rice (1976),
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and Bouwer (1989). The calculations associated with the slug test analysis are presented
in Appendix O. Hydraulic conductivities obtained from the slug testing in the easterly
flowing groundwater area are presented in Table 3.8.1-1. Estimated hydraulic
conductivity values in the easterly flowing groundwater zone ranged from 1.97 x 102 cm/s
in monitoring well W-159 to 9.76 x 10® cm/s in monitoring well W-157. The mean of
the logarithms of the hydraulic conductivities in the easterly flowing groundwater system
is 4.52 x 10* ¢cm/s based on a sampled population of thirteen monitoring wells. No
distinct difference between hydraulic conductivity estimated for wells located within
paleochannels and wells placed outside paleochannel margins was indicated on the basis
of slug test results.

Table 3.8.1-1 Slug Test Results in Easterly Flowing Upper-Zone Groundwater

Well Number(Test Number) Hydraulic Conductivity
(cm/sec)
W-128L 1.05 x 10°
W-131U(1) 1.01 x 10?
W-131U(2) 1.13x 102
W-133L(1) 1.83 x 10°
W-133L(2) 1.77x10°
W-149(1) 118 x 10*
W-149(2) 1.22 x 10*
w-151(1) 234 x 10°
W-151(2) 2.21x 10°
W-153(1) 358 x 10°
W-153(2) 339 x 10°
W-156 1.85 x 10°
w-157 9.76 x 10*
W-158(1) 3.18 x 10°
W-158(2) 2.94 x 10°
W-159(1) 157 x 10*
W-159(2) 1.97 x 102
W-160(1) 5.62x10°
W-160(2) 5.81x10°*
HM-12(1) 552 x 10°
HM-12(2) 3.56 x 10°
HM-28(1) 6.90 x 10°
HM-28(2) 6.69 x 10°
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Estimated hydraulic conductivity values for the westerly flowing groundwater system are
presented in Table 3.8.1-2. The maximum hydraulic conductivity value in the westerly
flowing groundwater area was estimated to be 1.13 x 10" cm/s at monitoring well
W-144; the minimum value was estimated to be 7.73 x 10”° cm/s at monitoring well
W-141U. The mean of the logarithms of the estimated hydraulic conductivity values is
2.39 x 10° cm/s based on a sampled population of eight monitoring wells.

Table 3.8.1-2 Slug Test Results In the Westerly Flowing Upper-Zone Groundwater

Well Number(Test Number) Hydraulic Conductivity

(cm/sec)

W-136(1) 6.69x10°
W-136(2) 6.25 x 10°
W-140(1) 1.05 x 10*
W-140(2) 9.84 x 10°
W-140(3) 1.17 x 10*
W-141U 7.73 x 10*
W-144 1.13 x 10*
W-147(1) 4.03 x 10*
W-147(2) 2.13x 10*
F-216(1) 2.06 x 10°
F-216(2) 212 x 10?
F-217(1) 232x 10°
F-217(2) 242 x 10°*
F-217(3) 2.45 x 10*
HM-27(1) 1.08 x 10?
HM-27(2) 1.17 x 10*

Estimated hydraulic conductivities for the northerly flowing groundwater area are
presented in Table 3.8.1-3. The maximum hydraulic conductivity value in the northerly
flowing groundwater area was estimated to be 3.00 x 102 cm/s at monitoring well
W-143; the minimum value was estimated to be 3.75 x 10® cm/s at monitoring well
F-212. The mean of the logarithms of the estimated hydraulic conductivity values is
531 x 10* cm/s based on a population of four monitoring wells.
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Table 3.8.1-3 Slug Test Results for Northerly Flowing Upper-Zone Groundwater

Well Number(Test Number) Hydraulic Conductivity
(cm/sec)

W-143(1) 3.00 x 10?
W-143(Q2) 2.76 x 107

F-208(1) 2.69 x 10

F-208(2) 2.54 x 10

F-212 3.75x10*
HM-105(1) 2.84 x 10°
HM-105Q2) 2.93 x 10°
HM-105(3) 2.70 x 10°*

Although the number of slug tests in the different flow areas varied, the resulting
estimates of hydraulic conductivity indicate that there is extreme variability in the
hydraulic conductivity across the site. A mean of the logarithms of the hydraulic
conductivity parameter provides an average that is skewed in the direction of lower
hydraulic conductivities relative to the arithmetic mean. Given that research has shown
that the hydraulic conductivity parameter is often log-normally distributed, the
logarithmic approach to estimating average hydraulic conductivity is justified (Domenico
and Schwartz 1990, pp. 66 - 67). Note that an average computed on the basis of the
logarithms of individual conductivity values is identical to the geometric mean of the raw
conductivity values (Equation 3.20, Domenico and Schwartz 1990).

Published values of hydraulic conductivities for silty sand range from 1.0 x 10” to

1.0 x 10" cm/s, and porosity values for silts and clays range from 0.20 to 0.33
(dimensionless) (deMarsily 1986, p. 36). Together with hydraulic gradient values
presented earlier, the two parameters of hydraulic conductivity and porosity may be used
to estimate the average linear velocity of upper-zone groundwater. The average linear
velocity is defined as

y=Y._Kdh Equation 3-1
n ndl
where: v = Darcy flux, or specific discharge’ (L*/L? T)
n = porosity (dimensionless)
K = hydraulic conductivity (L/T)
dh/dl = hydraulic gradient
DOE/Grand Junction Projects Office Remedial Investigation Report
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A matrix in which Equation 3-1 is solved for each of the flow directions in the upper
zone is presented in Table 3.8.1-4.

Except for the westerly flowing maximum value, estimated minimum and maximum
average linear velocity values are relatively consistent throughout Plant 4. The maximum
hydraulic gradient calculated in the westerly area was in the vicinity of Landfill No. 3.
The hydraulic gradients may be steep in this area due to the head loss associated with
the groundwater flowing across the low hydraulic conductivity bedrock ridge that
parallels Meandering Road Creek. There were no hydraulic conductivity values obtained
in this area during the RI

Table 3.8.1-4 Estimated Minimum and Maximum Values of
Average Linear Velocity in Upper-Zone Groundwater

Flow System | Mean-of-Logs Assumed Hydraulic Darcy Flux Average Linear
Hydraulic Porosity Gradient {cm/s) Vedocity
Conductivity (dimensionless) | (dimensionless) (cm/s)
(cm/s)
Easterly Flow 1.15x10° 0.20-0.30 0.005 5.75 x 10 192 x 10%-2.88 x 10°*
{minimum) (0.05-0.08 ft/d)
Easterly Flow 1.15x 10* 0.20-0.30 0.01 1.15 x 10°* 3.83 x 10°%5.75 x 10°
(maximum) (0.11-0.17 ft/d)
Westerly 2.39x10° 0.20-0.30 0.004 9.56 x 10 3.19 x 10°4.79 x 10°
Flow (0.09-0.14 ft/d)
(minimum)
Westerly 239 x 10° 0.20-0.30 0.2 4.78 x 10* 1.59 x 10-2.39 x 10
Flow (4.51-6.77 ft/d)
{maximum)
Northerly 5.31x10* 0.20-0.30 0.01 531 x10¢ 1.77 x 10°%-2.66 x 10*
Flow (0.05-0.08 ft/d)
(minimum)
Northerly 531x10* 0.20-0.30 0.03 159 x 10°* 5.31 x 10°%-7.97 x 10°
Flow (0.15-0.23 ft/d)
{maximum)

3.8.2 Goodland Limestone and Walnut Formation Aquitard

The Goodland Limestone is an assemblage of interbedded siltstone, claystone, and
limestone while the Walnut Formation consists of highly indurated limestone and shell
agglomerate. These two formations form an aquitard that restricts the vertical flow of
groundwater between the upper-zone flow system and the Paluxy Aquifer. The entire
section of Walnut Formation and at least a portion of the Goodland Limestone are
present within most of the Plant 4 area. In the vicinity of Plant 4, the maximum
thickness of the aquitard is approximately 30 feet. However, the aquitard is thin, and in
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some cases nearly absent, in areas where paleochannels have incised into the Goodlan
Limestone and Walnut Formation. As previously discussed, the window area in which
the aquitard is almost absent is located beneath the East Parking Lot. Probable
weathering of the remaining veneer of Walnut Formation in this area creates a potential
groundwater flow into the Paluxy Formation.

Most of the characterization activities performed during the RI focused on the Walnut
Formation because the Walnut Formation comprises most of the aquitard in the vicinity
of Plant 4. Vertical hydraulic conductivity of competent Walnut Formation was
measured on several drilling core samples collected during the RI. Table 3.8.2-1
presents the results of the vertical hydraulic conductivity measurements. The logarithmic
mean of the measured hydraulic conductivity values is 7.0 x 107° cm/s, based on a
sampling of 6 cores.

Table 3.8.2-1 Results of Vertical Permeability Testing
in the Competent Walnut Formation Aquitard

Sample Location Depth of Sample Effective Porosity Hydraulic Conductivity
(percent) (cm/s)
pP-27 472" 10 476" 8.6 42x10°
P-27 56’4" to 570" 8.2 52x 10"
P-28 372" to 376" 7.2 1.2 x 10*
P-28 50°2" to 50’ 6" 6.4 73 x 10"
P-30 38°0" to 38'6" 12 85 x 10”
P-30 52'10" to 534" 23 7.1 x 10

In addition to the hydraulic conductivities discussed above, hydrographs for paired upper-
zone and Paluxy Formation monitoring wells also indicate that there is relatively little
flow from the upper-zone to the Paluxy Formation. Hydrographs for HM-86 and
P-14US (located in the East Parking Lot window area), and W-143 and P-28U (located
in the North Parking Lot) are shown in Figures 3.8.2-1 and 3.8.2-2, respectively.

Figure 3.8.2-1 shows two significant step-like changes in the water level in HM-86.
These changes are not present in the P-14US hydrograph, indicating poor hydraulic
communication. The Walnut Formation at this location is six feet thick. In

Figure 3.8.2-2, W-143 shows two smaller increases in the upper zone water-level.
Again, these trends are not present in the hydrograph for the Paluxy Formation well,
P-28U.
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The large differences in hydraulic head at these two pairs of wells (approximately 28 feet
at HM-86/P-14US and 46 feet at W-143/P-28U) also indicate large vertical head
losses, which are consistent with the presence of a low-conductivity aquitard.

At locations in the paleochannel beneath the East Parking Lot where the Walnut
Formation is a minimum, the effectiveness of this aquitard is diminished and vertical flux
rates will be higher. The vertical Darcy velocity and average linear velocity can be
estimated using Equation 3-1 with the hydraulic gradient defined at locations of paired
upper-zone and Paluxy Formation wells. Paired wells in the paleochannel-window area
include P-14US/HM-86, P-15US/HM-90, and P-16US/HM-94.

Because vertical flow from the upper-zone into the Paluxy Formation is a case of flow
perpendicular to layering, K in Equation 3-1 must be replaced with K, the equivalent

vertical hydraulic conductivity (Freeze and Cherry 1979, p. 33). The expression for the
equivalent vertical hydraulic conductivity is:

ko d

2

d; Equation 3-2

n
i=1 B

where K, = equivalent vertical hydraulic conductivity
d = combined thickness of heterogeneous units
d; = individual thickness of strata i
K; = hydraulic conductivity of strata i

It is important to note that the definition of the d, and d should be consistent with the
definition of AL that is used in calculating the hydraulic gradient that will be used with
K, to estimate the Darcy velocity. This relationship is discussed in Appendix Q,
Hydrologic Calculations, Notes, and Drawings.

When Equation 3-2 is used to calculate the equivalent vertical hydraulic conductivity for
an interval that includes strata with very low hydraulic conductivities, d;/K; values for
high permeability strata have a negligible contribution and are commonly ignored (see
Appendix Q, Hydrologic Calculations, Notes, and Drawings).

The equivalent vertical hydraulic conductivities for the three window area well pairs are
presented in Table 3.8.2-2. These equivalent vertical conductivities are then used to
estimate the vertical Darcy flux and average linear vertical velocity through the Walnut
Formation in the vicinity of the window area. The results are presented in

Table 3.8.2-3. The complete details for these calculations are presented in Appendix Q.
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Table 3.8.2-2 Estimated Equivalent Vertical Hydraulic Conductivity for
Flow Through Walnut Formation

Sample K g K 4 ‘
Location Walout Walout Paluxy Paluxy ) (ca/)
{cm/sec) @) (cm/sec) ®)

HM-86 and . . 7.84x 10°

P-14US 7.0x 10 6.6 2x10 4.75 26 (2.22 x 104 fd)
HM-90 and

1.17 x 107
3 1 1

P-15US 7.0 x 10" 2.0 2x10 2.5 18.0 (3.32 x 10° fUd)
HM-94 and . 934 x 10°

P-16US 7.0 x 10" 2.25 2x10* 3.5 19.35 (2.65 x 10 f/d)

Table 3.8.2-3 Vertical Average Linear Velocity and Darcy Flux Through the Walnut
Formation in the Window Area

Sample K, Porosity Ilydraulic Vertical Vertical Average
Location {R/d) (dimensionless) Gradient Darcy Linear Velocity
(dimenxionleas) Flux (R/d) (R/d)
HM-86 and s
P-14US 2.22x 10* 0.074 1.08 2.39x 10 3.23 x 10
HM-90 and
P-15US 3.32x10* 0.074 1.16 3.86x 10 5.22x10°
HM-94 and s s
P-16US 2.65 x 10 0.074 0.32 8.57x 10 1.16 x 10"

In these calculations, measured K values were not available for the Walnut Formation in
the window area. Because the Walnut Formation is thin and likely weathered in this
area, K; was assumed to be two orders of magnitude greater than the logarithmic mean K
for the competent Walnut Formation, or 7 x 10® cm/s (see Table 3.8.2-1). For the
Paluxy Formation, K; was set equal to 2 x 10®* cm/s, which is the logarithmic mean of the

vertical hydraulic conductivities measured for Paluxy Formation core samples (see
Table 3.8.3-5).

The porosity used to calculate the average linear velocity through the Walnut Formation
was 7.4 percent. This is the arithmetic-average of porosity values reported for Walnut
Formation core samples (see Appendix P, Vertical Hydraulic Conductivity Analysis of
Walnut Formation and Paluxy Formation Core Samples via Triaxial Cell Testing).
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The estimated vertical flow velocity through the Walnut Formation suggests that as long
as the Walnut Formation is present, the downward flow of groundwater is very limited.
The primary control impeding the downward flow of groundwater is the low vertical
hydraulic conductivity of the competent Walnut Formation. The distribution of
contamination in the Paluxy Formation over most of Plant 4 confirms that there is very
little flux of upper-zone groundwater flowing through the aquitard.

However, in the window area, the Paluxy Formation is significantly contaminated with
TCE and its degradation products (Section 4.5.3). This suggests that although a remnant
of the Walnut Formation may be present, it is significantly weathered. It also suggests
that the degree of weathering has increased the hydraulic conductivity to the point where
the aquitard is leaking appreciably in the window area. The volume of leakage through
the Walnut Formation is discussed in Section 3.8.3.1.

3.8.3 The Paluxy Aquifer

The Paluxy Aquifer is an unconfined to semi-confined sandstone aquifer that underlies
the Walnut Formation aquitard. The bottom of the Paluxy Aquifer is defined as the first
occurrence of limestone beneath the Paluxy Formation. Limestone is the dominant
component of the Glen Rose Formation which underlies the Paluxy Formation.

In Tarrant and Dallas Counties, the Paluxy Aquifer is widely used as a source of water
for domestic, municipal, and industrial water supplies. Development of the Paluxy
Aquifer began in the early 1900s, with total production in the Tarrant and Dallas County
areas reaching a peak in the late 1960s (Nordstrom 1982). The decline in production
since the late 1960s resulted from large declines in hydraulic head caused by heavy
pumping in eastern Tarrant County and central Dallas County. The declining water
levels led to the abandonment of inefficient wells (Nordstrom 1982), which were then
replaced by the development of other sources, such as the Twin Mountains Aquifer. In
the immediate vicinity of Plant 4, seven municipal water supply wells obtain water from
the Paluxy Aquifer. These wells are owned by the city of White Settlement and are
shown on Plate 2. Although complete historical production records are not available for
these wells, pumpage has been relatively constant in recent years (Mike Ostrosky, city of
White Settlement, telecon 1992). Average daily production rates for each of the White
Settlement municipal wells are shown in Table 3.8.3-1.
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Table 3.8.3-1 Average Daily Production for White Settlement
Municipal Supply Wells Completed in the Paluxy Aquifer
(Data Provided by City of White Settlement, October 1989)

Averagé Daily
Well Number Production (Gallons Per Depth of Screened Total Depth
Day) Interval (Feet) (Feet)
WS-1 73,000 Not Available 254
WS-2 56,000 Not Available 200
Wws-3 75,100 180-200 201
WS-H3 65,900 212-242 282
WS-5A 82,600 175-305 305
WS-8 68,900 175-286 286
WS-12 62,000 Not Available 195

As noted in Section 3.7, the Paluxy Aquifer has been characterized in previous site
reports as a stratified aquifer consisting of three distinct flow systems separated by
continuous aquitards composed of siltstone, claystone, and/or shale. Of the four
references that address the hydrogeology of the Tarrant County area (Leggat 1957,
Peckham and others 1963, Caughey 1977, Nordstrom 1982) only Leggat (1957) raises the
possibility of stratified-flow characteristics within the Paluxy Aquifer. Leggat (1957)
notes that the Paluxy Aquifer may be divided into upper and lower sand members and
that the sand beds do not maintain constant thickness or lithology over long distances.
However, specific data are not provided in support of this hypothesis.

A review of lithologic logs from previous reports (largely based on drill cuttings) and
lithologic logs based on continuously-cored holes installed during the RI/FS field
investigation indicates that sandstone is the most prevalent rock within the Paluxy
Formation; however, the formation also contains abundant low-permeability zones
comprised of interbedded shale, siltstone, and claystone. These interbedded units range
in thickness from less than 1 foot to more than 10 feet. For example, in the lithologic
log for well P-11M (U.S. Army Corps of Engineers 1986), the interval extending from

71 to 153 feet below ground level (bgl) was logged as "sand/sandstone" and was noted to
contain 9 individual "shaley zones" that ranged in thickness from 0.7 feet to 4.8 feet. The
4.8-foot shaley zone was found at 104 to 109.8 feet bgl. Thicknesses of the other shaley
zones identified in the lithologic logs did not exceed 3 feet. Variable-thickness shale and
siltstone/claystone layers separated by sandstone intervals are further documented in the
lithologic logs for other wells, such as P-12M and P-13M (U.S. Army Corps of
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Engineers 1986) and P-27U through P-31U (see Appendix B-1). Cross-sections
prepared by previous investigators and containing many of these wells have commonly
displayed these variable-thickness shale and siltstone layers as thick, continuous
sequences (up to 20 feet) of low-permeability rock. However, as noted above, lithologic
logs for individual boreholes do not support this interpretation.

Hydrogeologic cross-sections through the Paluxy Aquifer are presented in Figures II-1
through II-10. Water-levels shown on the cross-sections are based on September, 1991
or the most recent September/October data. The location of each of the cross-sections
is depicted in Plate 4. The site-scale hydrostratigraphic characteristics of the Paluxy
Aquifer are shown in the three-dimensional fence-diagram presented on Plate 5. Due to
the scale of the fence diagram, individual lithologic units less than 5 feet thick are not
shown. Sequences within the Paluxy Formation that include shale and siltstone/claystone
interbeds with thicknesses less than five feet are illustrated as “interbedded sandstone."

As shown by cross-sections 1 through 10 (Figures II-1 through II-10), and as described
in Section 3.7, individual shale and siltstone/claystone units are frequently encountered
throughout the vertical extent of the Paluxy Aquifer. There appears to be a greater
tendency to encounter low-permeability shale and siltstone/claystone layers in the upper
portions of the Paluxy Aquifer than in the lower portions of the aquifer. In most
instances, individual shale and siltstone/claystone units cannot be correlated over large
distances because of the variable distribution of the units and the uncertainty associated
with the lithologic logs prepared on the basis of drill cuttings.

On the basis of these observations, the Paluxy Aquifer is regarded as a single unconfined
to semi-confined flow system consisting of a largely sandstone matrix with abundant
layers of interbedded shale, siltstone, and claystone. This interpretation of the Paluxy-
Aquifer and the evaluation of Plant 4 lithologic logs prepared for the Paluxy Formation
are further discussed in Chem-Nuclear Geotech (1992), "A Maodification in the Former
Conceptual Model of the Paluxy Aquifer Flow System."

3.8.3.1 Paluxy Aquifer Recharge and Discharge

Recharge to the Paluxy Aquifer occurs largely as infiltration of precipitation falling on
the outcrop in Wise, Parker, Hood, and Tarrant Counties. Recharge also occurs as
infiltration from Lake Worth and Eagle Mountain Lake, both of which lie at least
partially within the boundary of the outcrop. Additional minor amounts of recharge also
occur as infiltration from streams that cross the outcrop. In the immediate vicinity of
Plant 4, it is evident that small amounts of recharge are also derived from leakage of
upper-zone groundwater through the window area (where the Walnut Formation has
been severely eroded) and leakage of surface water through the lower reaches of
Meandering Road Creek. In both of these areas, most if not all of the Walnut
Formation has been eroded reducing the capacity of this aquitard to impede the
vertically downward flow of upper-zone groundwater and surface water.
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Evidence of recharge entering the Paluxy Formation in these areas is provided by the
hydraulic head data from "US," "U," and "M" series wells located within these potential
recharge areas. In the window area, the uppermost wells in the Paluxy Formation are
those with a "US" designation. The "U" designation indicates those wells completed in
the next lower portion of the Paluxy Aquifer. As shown in Appendix D-1, the fence
diagram (Plate 5), and Figures II-1, II-2, and II-8, "US" wells located in the vicinity of
the window area (P-8, P-9, P-14, and P-15) have water levels several feet higher than
the paired "U" wells at these locations. This indicates that downward flow occurs within
the Paluxy Aquifer at these locations. This downward flow most likely originates as
recharge transmitted through the eroded portion of the Walnut Formation. This same
characteristic is observed in the "U" and "M" wells at P-10 and P-24. These two well
pairs are located in the vicinity of lower Meandering Road Creek, where erosion has also
removed much of the Walnut Formation bedrock.

Using the Darcy flux calculation from Section 3.8.2, it is possible to estimate the vertical
flux rate through the Walnut Formation in the window area. The volumetric flux is
given by Q = V*A, where V is the Darcy flux through the Walnut Formation given in
Section 3.8.2, and A is the area through which flow occurs. As noted in the lithologic log
for monitoring well HM-94 (Hargis + Associates 1985a), the Walnut Formation is
1.5-feet thick at this location. Similar thicknesses are reported for the Walnut
Formation at nearby wells P-15 and P-16 (located approximately 250 feet apart).
Assuming that flow occurs mainly through the area shown by the shaded oval in

Figure 3.8.1-1, (area A = 226,000 ft?) where the Walnut Formation is approximately

1.5 to 2.5 feet thick, an upper limit on the estimate of recharge flux into the Paluxy
Aquifer would be:

(2.4 x 10* ft/d) x 226,000 ft* = 54 ft*/day

This calculation is based on the average of the Darcy flux rates at P-15 and P-16

(Table 3.8.2-3) and the assumption that the Walnut Formation is weathered in the
window area. If the Walnut Formation limestone found in the window area remains
indurated and competent, the recharge flux through the thinnest portion of the formation
could be as low as 0.5 ft*/d. Smaller fluxes can be expected elsewhere in the East
Parking Lot paleochannel where Walnut Formation thickness exceed the 1.5 to 2.5 feet
observed in the Window area.

Further understanding of the window area vertical flux will be obtained during
calibration of the site-scale flow model. During this phase, vertical flux parameters will
be adjusted in order to match calibration targets in the window area. Numerical
simulations will then provide improved estimates of the vertical flux‘in the window area.

Although no direct measurements of infiltration derived from precipitation have been
made or reported in the literature, a qualitative estimate can be developed by
considering several factors. Nordstrom (1982) notes that average annual precipitation on
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the Paluxy Formation outcrop is 31 inches. However, only a small fraction of the

31 inches becomes recharge, as most is lost to runoff and evapotranspiration.

Leggat (1957) reports that annual runoff accounts for 2.5 to 4 inches per year, and
evapotranspiration during the growing season accounts for another 67 percent of annual
precipitation, or 21 inches. This leaves between 6 and 7.5 inches available for recharge
and evapotranspiration during spring, fall, and winter. Assuming off-season
evapotranspiration consumes 2 to S inches of this remainder, maximum recharge rates
are likely to be in the range of 1 to 5 inches per year. Based on a simple mass balance
calculation for the Trinity-group aquifer system, Nordstrom estimated that effective
recharge was approximately 5 percent of precipitation, or 1.5 inches per year. Recharge
estimates of 1 to 5 inches per year are supported by preliminary results of a numerical
simulation of the Paluxy Aquifer flow system. This model encompasses western Tarrant
County and Eastern Parker County (Figure II-30) and is based on an assumed recharge
rate of 2 inches per year over the outcrop.

Discharge from the Paluxy Aquifer is largely due to pumping from numerous water-
supply wells throughout Tarrant, Dallas, and surrounding counties. It is likely that some
discharge also occurs as groundwater evapotranspiration from the outcrop area and
baseflow to streams, Lake Worth, and Eagle Mountain Lake.

Maximum production from Paluxy Aquifer wells was 13,000 acre-ft per year in both 1963
and 1969 (Nordstrom 1982). Production for 1976, the last year for which data are
published, was 9,600 acre-feet.

3.8.3.2 Paluxy Aquifer: Hydraulics

Regional literature classifies the Paluxy Aquifer as an unconfined flow system in the
Tarrant County area. As shown in the cross-sections presented in Figures II-1 through
II-10, the high frequency of interbedded shale and siltstone/claystone units can be
expected to cause the aquifer to behave in a semi-confined manner in the immediate
vicinity of Plant 4.

Maps of Paluxy Aquifer water-level elevations in the Parker and Tarrant County areas
surrounding Plant 4 are shown in Figure I1-28 for the year 1955, Figure II-29 for the
year 1989, and Figure II-31 for the year 1976. These maps show that the regional flow
direction in the Paluxy Formation has been and remains nearly due east. The maps for
1955 and 1976 were reproduced from Nordstrom (1982). The map for 1989 was
reproduced from an unpublished map on file with the Texas Water Commission.
Comparison of Figures II-28 and II-31 show that hydraulic heads have remained
relatively constant in the eastern portion of Parker County. This is indicative of near-
steady state flow conditions in the portion of the Paluxy Aquifer that lies west of the
Tarrant-Parker county line.
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In central Tarrant County, near the eastern edge of Figures II-28 and II-31, water-table
elevations declined between 1955 and 1976 by nearly 100 feet in some areas. This large
drawdown was due mainly to a large cone of depression created by heavy pumping in the
vicinity of the cities of Euless (in eastern Tarrant County) and Dallas (in central Dallas
County). This cone of depression is easily recognized in Figure 31 of Leggat (1982).

Comparison of the contours shown in the 1976 and 1989 maps suggests that water-table
elevations increased over this 13 year period. However, this apparent increase is an
artifact of the relatively small number of data points used to prepare the 1989 map.
Comparison of individual data points common to both maps indicates that elevations
have remained relatively constant or declined only slightly within the area encompassed
by Figure 1I-29. Leggat (1982) speculated that water levels would increase following the
decline in production from the Paluxy Aquifer in the late 1960s. The data have not
confirmed this prediction, but water levels have remained relatively constant over much
of the area of interest (Figures II-29 and II-31). This observation is consistent with
Plant 4 water-level data that includes three sets of continuous water-level monitoring
data (Figures 3.8.2-1, 3.8.2-2, and 3.8.3-1), and multiple sets of synoptic water-level
measurement data (Appendix D-1). The hydrographs for the Paluxy wells in these
figures show only small random fluctuations (on the order of one to two feet) and very
small periodic fluctuations (on the order of hundredths to tenths of a foot). The periodic
fluctuations are caused by diurnal changes in atmospheric pressure and gravitational
deformation of the porous media.

Maps of depth-specific hydraulic head for the Paluxy Formation in the vicinity of Plant 4
are shown in Figure II-32 through II-34. These maps illustrate the vertically downward
hydraulic gradient created by recharge in the eastern portion of Lake Worth.

To assess the local nat