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Executive Summary

This report provides a summary of the various investigations that have been conducted at
solid waste management unit (SWMU)-7, Fire Training Area 1 (FTA1), Tinker Air Force
Base (AFB), Oklahoma. The report has been prepared to determine and document whether
sufficient investigations at FTA1 have been performed to meet regulatory requirements.
Tinker AFB is located in central Oklahoma, in the southeast portion of the Oklahoma City
metropolitan area, in Oklahoma County. The Base is bounded by Sooner Road to the west,
Douglas Boulevard to the east, Interstate 40 to the north, and Southeast 74th Street to the
south. The Base encompasses approximately 5,000 acres.

Background. Tinker AFB began operations in 1942 and serves as a worldwide repair depot
for a variety of aircraft, weapons, and engines. These activities require the use of hazardous
materials and result in the generation hazardous wastes. These wastes have included spent
organic solvents, waste oils, waste paint strippers and sludges, electroplating wastewaters and
sludges, alkaline cleaners, acids, FreonTM, jet fuels, and radium paints.

In 1984, Congress amended the Resource Conservation and Recovery Act (RCRA) with the
Hazardous and Solid Waste Amendments (HSWA), which allow EPA to require, as a permit
condition, a facility to undertake corrective action for any release of hazardous waste or
constituents from any SWMU at a treatment, storage, and disposal (TSD) facility. On
January 12, 1989, Tinker AFB submitted its Part B permit application for renewal of its
operating RCRA Hazardous Waste Storage facility permit. The final RCRA HSWA permit
issued on July 1, 1991, requires Tinker AFB to investigate all SWMUSs and areas of concern
(AOC) and to perform corrective action at those identified as posing a threat to human health
of the environment. The permit specifies that a RCRA Facility Investigation (RFI) be
conducted for 43 identified SWMUs and two AOCs on the Base. This document has been
prepared to determine whether sufficient investigations have been conducted to meet the

permit requirements for FTA1.

Source Description. FTA1 was used from 1950 to 1962 as a fire control training area.
Prior to exercises, the area was saturated with water to reduce infiltration of flammable
liquids into the soil. Fire-fighting exercises consisted of either dousing an old aircraft with
flammable liquids, setting carcass on fire, and then extinguishing the fire; or filling the area

KN/1256/SWMU7/SWMUT.ES/09-26-94/F1 1:50pm ES-1



with flammable liquids, igniting the liquids, and then extinguishing the fire. No records or
documents exist identifying the flammable liquids that were used.

Site Investigation. Previous IRP investigations included an initial records search report by
Engineering Science (ES, 1982) and a confirmation/quantitation report performed by Radian
Corporation (Radian, 1985 a,b). The records search report identified the site as a potential
site for remediation and recommended that soil borings be obtained and analyzed to define
the contaminants and to identify the limits of contamination. The confirmation/quantitation
report mentioned the FTA1 site, but made no site-specific recommendations. No Rls were
conducted at the site during either of the previous investigations.

In November 1985, the U. S. Army Corps of Engineers (USACE) initiated RIs at the site to
define the extent of any possible contamination. From 1985 to 1989, 27 soil borings were
drilled and three monitoring wells were installed. The soil borings were drilled at 24 on-site
locations and 3 off-site locations. The off-site borings were drilled to establish background
levels for contaminants detected in the soil. Two monitoring wells were installed in the upper
saturated zone (USZ), one upgradient and one downgradient of FTA1. The third monitoring
well was installed in the lower saturated zone (LSZ) as part of the RI for Landfills No. 1 and
4 (SWMUs 3 and 6) (USACE, 1993a). Soil and groundwater sampling was conducted
throughout the investigation period. Two volatile organic compounds (VOC) (methylene
chloride and acetone) were detected at significant levels. Bis(2-ethylhexyl)phthalate was the
only significant semivolatile organic compound (SVOC) detected. Four metals (silver,
cadmium, lead, and zinc) were detected above maximum background levels. Total organic
carbon (TOC) was found at above background averages in more than half the samples.

In the USZ groundwater samples, three VOCs (vinyl chloride, trichloroethene, and benzene)
were found at concentrations above primary drinking water standard maximum contaminant
levels (MCL). Three VOCs (methylene chloride, tetrachloroethene, and trans-1,-2-dichloro-
ethene) were found at concentrations above proposed MCLs.

Bis(2-ethylhexyl)phthalate was the only SVOC found at significant concentrations. All the
compounds found were in the upgradient and downgradient monitoring wells and in the
borings. Three metals (barium, chromium, and lead) were found above MCLs and back-
ground averages both upgradient and downgradient of the FTA1l. TOC and conductivity were
also found above background averages at the FTAL.

KN/1256/SWMU7/SWMU7.ES/09-26-94/F1 1:50pm ES-2



In 1993, two clusters (pairs) of monitoring wells were installed, one in the USZ and one in
the LSZ for each pair, and one single monitoring well in the LSZ at FTA1. Currently, the
site has one upgradient cluster (USZ and LSZ) and three downgradient clusters (USZ and
LSZ). Sampling data from these wells are not available for inclusion into this report.

Baseline Risk Assessment. A baseline risk assessment (USACE, 1993b) was conducted
to estimate the potential impact of the site on public health and the environment now and
under future land use conditions.

All of the chemicals except vinyl chloride were eliminated from further assessment as
carcinogenic agents. Three chemicals (1,2-dichloroethene, 1,1,2-trichloroethane, and 2-
butanone) that could cause chronic noncarcinogenic effects were also retained through the
screening process. Total carcinogenic risk to the population with the greatest potential
(children swimming or wading in the creek) is 6 x 10°°. This is well within the range of
acceptable risks (1 x 10%1t0 1 x 10'6) as defined by the U.S. Environmental Protection
Agency (EPA) under the National Oil and Hazardous Substances Contingency Plan (NCP).
The hazard from noncarcinogenic effects is also slight as shown by a hazard index of 0.06.
Noncarcinogenic effects are generally deemed minimal if the hazard index is below 1.

Ecological risks were assessed for vegetation, earthworms, small mammals, and predatory
birds from surface soil exposures. In addition, a future scenario of contaminated groundwater
intersecting Crutcho Creek was also assessed for potential aquatic life effects. Bis(2-
ethylhexyl)phthalate presented a potential risk to vegetation and zinc showed a small potential
for effects on earthworms. The largest potential effect seen at the site was from small
mammals exposed to lead. No increased risk was estimated for predatory birds or aquatic
life.

Recommendations. The following activities should be conducted during a Phase II RFI
for this site:

+ Continue with annual monitoring of the groundwater beneath the site. Monitor-
ing should include VOCs and metals.

» Collect additional soil samples to further complete the delineation and character-
ization of soil contamination.
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+ Collect site-specific soil background samples to be used in addition to USGS soil
data to distinguish site-related from background concentrations in a statistically
significant manner during the Phase II investigation.

 Prepare Phase II RFI work plan for submittal to EPA for approval before
beginning field work.

* Include pertinent groundwater monitoring wells in the basewide groundwater

investigation activity that will provide additional data for this site to determine
the extent of contamination.
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1.0 Introduction

1.1 Purpose and Scope

This document has been prepared in response to the U.S. Department of the Air Force, Tinker
Air Force Base (AFB), Oklahoma request for a Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) Summary Report for solid waste management unit
(SWMU)-7, Fire Training Area 1 (FTA1).

The objective of this RFI Summary Report is to provide Tinker AFB with one comprehensive
report that summarizes the various investigations that have occurred at FTA1 since the first
environmental investigation was initiated on Base in 1981. The purpose of this comprehen-
sive summary document is to:

» Characterize the site (Environmental Setting).

e Define the source (Source Characterization).

» Define the degree and extent of contamination (Contamination Characterization).
« Identify actual or potential receptors.

« Identify all action levels for the protection of human health and the environment.

Additionally, this document briefly describes the procedures, methods, and results of all
previous investigations that relate to FTA1 and contaminant releases, including information on
the type and extent of contamination at the site, and actual or potential receptors. Where
previous investigations, reports, or studies were not comprehensive and did not furnish the
information required to determine the nature and extent of contamination, future work that
can be conducted to complete the investigation has been recommended.

1.2 Preface

In 1980, Congress passed the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) to address the cleanup of hazardous waste disposal sites across the
country. CERCLA gave the president authority to require responsible parties to remediate the
sites or to undertake response actions through use of a fund (the Superfund). The president,
through Executive Order 12580, delegated the U.S. Environmental Protection Agency (EPA)
with the responsibility to investigate and remediate private party hazardous waste disposal
sites that created a threat to human health and the environment. The president delegated
responsibility for investigation and cleanup of federal facility disposal sites to the various
federal agency heads. The Defense Environmental Restoration Program (DERP) was formally
established by Congress in Title 10 U.S. Code (USC) 2701-2707 and 2810. DERP provides
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centralized management for the cleanup of U.S. Department of Defense (DOD) hazardous
waste sites consistent with the provisions of CERCLA, as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA), the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) (40 Code of Federal Regulations [CFR] 300),
and Executive Order 12580. To support the goals of DERP, the Installation Restoration
Program (IRP) was developed to identify, investigate, and clean up contamination at installa-
tions.

Under the Air Force IRP, Tinker AFB began a Phase I study similar to a preliminary
assessment/site investigation (PA/SI) in 1981 (Engineering Science [ES], 1982). This study
helped locate 14 sites that needed further investigation. A Phase II study was performed in
1983 (Radian Corporation [Radian], 1985 a,b).

In 1986, Congress amended CERCLA through the SARA. SARA waived sovereign immunity
for federal facilities. This act gave EPA authority to oversee the cleanup of federal facilities
and to have the final authority for selecting the remedial action at federal facilities placed on
the National Priorities List (NPL) if the EPA and the relevant federal agency cannot concur in
the selection. Congress also codified DERP (SARA Section 211), establishing a fund for the
DOD to remediate its sites because the Superfund is not available for the cleanup of federal
facilities. DERP specifies the type of cleanup responses that the fund can be used to address.

In response to SARA, the DOD realigned its IRP to follow the investigation and cleanup
stages of the EPA:

. PA/SI

. Remedial investigation/feasibility study (RI/FS)

. Record of Decision (ROD) for selection of a remedial action
. Remedial design/remedial action.

In 1984, Congress amended RCRA with the Hazardous and Solid Waste Amendments
(HSWA) which allow the EPA to require, as a permit condition, a facility to undertake
corrective action for any release of hazardous waste or constituents from any SWMU at a
treatment, storage, and disposal (TSD) facility. On January 12, 1989 Tinker AFB submitted
its Part B permit application for renewal of its operating RCRA hazardous waste storage
facility permit.
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EPA, in the Hazardous Waste Management Permit for Tinker AFB, dated July 1, 1991,
identified 43 SWMUs and two areas of concern (AOC) on Tinker AFB that need to be
addressed. This permit requires Tinker AFB to investigate all SWMUs and AOCs and to
perform corrective action at those identified as posing a threat to human health or the
environment. This RFI Summary Report has been prepared to determine whether sufficient
investigations have been conducted to meet the permit requirements for FTA1 and to
document all determinations.

1.3 Facility Description

Tinker AFB is located in central Oklahoma, in the southeast portion of the Oklahoma City
metropolitan area, in Oklahoma County (Figure 1-1) with its approximate geographic center
located at 35° 25’ latitude and 97° 24’ longitude (U.S. Geological Survey [USGS], 1978).
The Base is bounded by Sooner Road to the west, Douglas Boulevard to the east, Interstate
40 to the north, and Southeast 74th Street to the south (Figure 1-2). An additional area east
of the main Base is used by the Engineering Installation Division (EID) and is known as Area
D. The Base encompasses approximately 5,000 acres. Tinker AFB began operations in 1942
and serves as a worldwide repair depot for a variety of aircraft, weapons, and engines. These
activities require the use of hazardous materials and result in the generation of hazardous
wastes. These wastes have included spent organic solvents, waste oils, waste paint strippers
and sludges, electroplating wastewaters and sludges, alkaline cleaners, acids, Freon™, jet
fuels, and radium paints. Wastes that are currently generated are managed at two permitted
hazardous waste storage facilities. However, prior to enactment of RCRA, industrial wastes
were discharged into unlined landfills and waste pits, streams, sewers, and ponds. Past
releases from these landfills, pits, etc., as well as from underground tanks, have occurred. As
a result, there are numerous sites of soil, groundwater, and surface water contamination on the
Base.

The various reports generated as a result of investigative activities conducted at the

FTAI1 have been reviewed and evaluated in terms of the sites’ status under RCRA regulations.
A summary based on the review of these reports for FTA1 is presented in the following
chapters and sections. In addition, recommendations for additional work is given at the end
of the summary report.
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1.4 Site Description

FTALl is located on the west side of Tinker AFB as shown on Figure 1-3. The site is
bounded by Crutcho Creek to the south, Patrol Road to the east, the old municipal sewage
treatment plant site to the north, and Air Depot Boulevard (which used to be the Tinker AFB
boundary) to the west. As determined from aerial photographs, the active fire train-
ing/burning area was a circular-shaped area. The center of the site is located approximately
110 feet west of Patrol Road and 240 feet north of Crutcho Creek. The area was approxi-
mately 125 feet in diameter and was originally enclosed within an earthen dike. The area had
a gravel bottom and was not lined (ES, 1982). The dike was apparently removed. The
topography of FTA1 is flat and poorly drained. Water tends to collect in the area after
rainfall. The site is sometimes covered with water when Crutcho Creek rises over its banks
during heavy rainfall events.
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2.0 Background

2.1 Site Operations and History
Tinker AFB was originally known as the Midwest Air Depot and began operations in July
1941. The site was activated March 1942. During World War II, the depot was responsible

for reconditioning, modifying, and modermizing aircraft, vehicles, and equipment.

FTA1 was used from 1950 to 1962 as a fire control training area for Tinker AFB fire fighters.
Prior to exercises, the area was saturated with water to reduce infiltration of flammable
liquids into the soil. Fire fighting exercises consisted of dousing an old aircraft carcass with
flammable liquids, setting the carcass on fire, and then extinguishing the fire. Other exercises
consisted of filling the area inside the dike with flammable liquids, igniting the liquids, and
then extinguishing the fire. Water and/or a protein-based foam was used to extinguish the
flame. After the exercises, the residual liquids were allowed to percolate into the soil. No
records or documents exist identifying the flammable liquids that were used (ES, 1982).

2.2 Summary of Previous Investigations (USACE, 1992)

Engineering Science. FTA1 was identified as a potential remediation site in the IRP
Phase I records search report prepared by ES in April 1982. The Phase I report recommend-
ed that soil borings in and around the site be obtained and analyzed to define the contami-

nants and to identify the limits of contamination.

Radian Corporation. FTA1 was briefly mentioned in the Phase II Confirmation/ Quantifi-
cation Stage 1 report prepared by Radian in September 1985. In this report, the FTA1 site is
included in an investigation zone along with Landfills No. 1 through 4 (SWMUs 3 through 6)
and the Radiological Waste Disposal Site (RWDS) 1030W (SWMU-19). The Phase II report
made no recommendations specific to FTAL.

U.S. Army Corps of Engineers. The U.S. Army Corps of Engineers (USACE) conducted
Rls at FTA1 from 1985 to 1990 to characterize the site, to determine the nature, extent, and
migration of any residual contamination of site soils or groundwater, and to define site
geology and geohydrology. Twenty-four on-site and three off-site borings were drilled and
three monitoring wells were installed. Seventeen of the on-site borings were used for the
collection of water samples in the upper saturated zone (USZ) and for measurement of the
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potentiometric surface. Water and soil samples from the monitoring wells and borings were
tested for total metals, total organic carbon (TOC), cyanide, polychlorinated biphenyls (PCB),
pesticides, volatile organic compounds (VOC), semivolatile organic compounds (SVOC), pH,
and conductivity, as applicable. A site and sample location map is presented in Figure 1-3.

In the soil samples, two VOCs (methylene chloride and acetone) were detected at significant
levels. Bis(2-ethylhexyl)phthalate was the only significant SVOC detected. Five metals
(arsenic, barium, cadmium, lead, and selenium) and TOC were detected at above background
averages in more than half the samples.

In the USZ groundwater samples, three VOCs (vinyl chloride, trichloroethene, and benzene)
were found at concentrations above primary drinking water standard maximum contaminant
levels (MCL). Three VOCs (methylene chloride, tetrachloroethene, and trans-1,2-dichloro-
ethene) were found at concentrations above proposed MCLs. Vinyl chloride, benzene, and
tetrachloroethene, which were found in the groundwater, were not detected in any of the soil
samples taken from the FTA1 site. Bis(2-ethylhexyl)phthalate was the only SVOC found at
significant concentrations. All of these compounds were detected in the upgradient and
downgradient piezometer wells. Three metals (barium, chromium, and lead) were found
above MCLs and background averages both upgradient and downgradient of FTA1. TOC and
conductivity were also found above background averages at the FTAI site.

The lower saturated zone (LSZ) has not been fully investigated in vicinity of FTA1. One
well in the LSZ (MW-61B) was sampled in 1988, 1989, and 1990 during the RI. In
groundwater samples from this zone, trichloroethene was above the MCL, and methylene
chloride was found above the proposed MCL. Bis(2-ethylhexyl)phthalate was found in 6 of
16 samples, with most of the detections above the MCL. No metals were found above the
MCLs or background averages for this saturated zone. One sample had a pH value of 10.85,
which is above the secondary MCL of 8.5.

Additional sampling of the USZ and LSZ was conducted in 1992 and 1993 from wells
MW-61A (USZ), MW-61B (LLSZ), and MW-62 (USZ). Several VOCs were detected at levels
above the MCLs in both the USZ and LSZ.

In 1993, USACE installed additional monitoring wells in the vicinity of FTA1 and the
Supernatant pond (SP) (SWMU-11); however, water level and water quality data are not

available. The new wells include MW2-18 (LSZ) and two clusters, MW2-19A and B
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(USZ/LSZ), and MW-20A and B (USZ/LSZ). New wells installed in the vicinity of the SP
are MW2-12 (LSZ), MW2-13 (LSZ), and one cluster, MW2-11 (USZ) and MW2-22 (LSZ).

2.3 Current Regulatory Status

The IRP has been ongoing at Tinker AFB since the early 1980s. IRP studies on the Base
were conducted according to IRP guidance, which is essentially the same as EPA’s guidance
for conducting RI/FS under CERCLA. All investigation and removal actions have been
closely monitored and approved by the EPA.

Since receiving the Hazardous Waste Management Permit on July 1, 1991, many of the IRP
sites have come under the jurisdiction of the RCRA permits branch of EPA. As such, they
have been identified as SWMUs; however, a large amount of work has already been per-
formed at most of these sites under the IRP. Additional investigation at the SWMUs will be
performed under the IRP.
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3.0 Environmental Setting

3.1 Topography and Drainage
3.1.1 Topography

Regional/Tinker AFB. The topography of Oklahoma City and surrounding area varies from
generally level to gently rolling in appearance. Local relief is primarily the result of
dissection by erosional activity or stream channel development. At Oklahoma City, surface
elevations are typically in the range of 1,070 to 1,400 feet mean sea level (msl). At Tinker
AFB, ground surface elevations vary from 1,190 feet msl near the northwest corner where
Crutcho Creek intersects the Base boundary to approximately 1,320 feet msl at Area D (EID).

Site. FTALl is located on the west side of Tinker AFB next to Patrol Road and Crutcho
Creek. The land at the site is flat and poorly drained. The ground elevation is approximately
1,216 feet msl. The site is presently within an unutilized, open grassed area. The earthen
dike that formerly enclosed the circular pit no longer exists.

3.1.2 Surface Drainage

Regional/Tinker AFB. Drainage of Tinker AFB land areas is accomplished by overland
flow of runoff to diversion structures and then to area surface streams, which flow intermit-
tently. The northeast portion of the Base is drained primarily by unnamed tributaries of
Soldier Creek, which is itself a tributary of Crutcho Creek. The north and west sections of
the Base, including the main instrument runway, drain to Crutcho Creek, a tributary of the
North Canadian River. Two small unnamed intermittent streams crossing installation
boundaries south of the main instrument runway generally do not receive significant quantities
of Base runoff due to site grading designed to preclude such drainage. These streams, when
flowing, extend to Stanley Draper Lake, approximately one-half mile south of the Base.

Site. The area in the vicinity of FTA1 is generally flat and poorly drained. Water tends to
pond in the area after rainfall. Eventually, excess surface runoff may drain into Crutcho
Creek, which is approximately 240 feet to the south. The site is sometimes covered with
water when Crutcho Creek rises over its banks during heavy rainfall events.
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3.2 Geology

3.2.1 Regional/Tinker AFB Geology

Tinker AFB is located within the Central Redbed Plain Section of the Central Lowland
physiographic province, which is tectonically stable. No major fault or fracture zones have
been mapped near Tinker AFB. The major lithologic units in the area of the Base are
relatively flat-lying and have a regional westward dip of about 0.0076 foot per foot (ft/ft)
(Bingham and Moore, 1975).

Geologic formations that underlie Tinker AFB include, from oldest to youngest, the Welling-
ton Formation, Garber Sandstone, and the Hennessey Group; all are Permian in age.

All geologic units immediately underlying Tinker AFB are sedimentary in origin. The Garber
Sandstone and Wellington Formation are commonly referred to as the Garber-Wellington
Formation due to strong lithologic similarities. These formations are characterized by fine-
grained, calcareously-cemented sandstones interbedded with shale. The Hennessey Group
consists of the Fairmont Shale and the Kingman Siltstone. It overlies the Garber-Wellington
Formation along the eastern portion of Cleveland and Oklahoma counties. Quatemary
alluvium is found in many undisturbed streambeds and channels located within the area.

Stratigraphy. Tinker AFB lies atop a sedimentary rock column composed of strata that
ranges in age from Cambrian to Permian above a Precambrian igneous basement. Quaternary
alluvium and terrace deposits can be found overlying bedrock in and near present-day stream
valleys. At Tinker AFB, Quaternary deposits consist of unconsolidated weathered bedrock,
fill material, wind-blown sand, and interfingering lenses of sand, silt, clay, and gravel of
fluvial origin. The terrace deposits are exposed where stream valleys have downcut through
older strata and have left them topographically above present-day deposits. Alluvial sedi-
ments range in thickness from less than a foot to nearly 20 feet.

Subsurface (bedrock) geologic units which outcrop at Tinker AFB and are important to
understanding groundwater and contaminant concerns at the Base consist of, in descending
order, the Hennessey Group, the Garber Sandstone, and the Wellington Formation (Table 3-1).
These bedrock units were deposited during the Permian Age (230 to 280 million years ago)
and are typical of redbed deposits formed during that period. They are composed of a
conformable sequence of sandstones, siltstones, and shales. Individual beds are lenticular and
vary in thickness over short horizontal distances. Because lithologies are similar and because
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of a lack of fossils or key beds, the Garber Sandstone and the Wellington Formation are
difficult to distinguish and are often informally lumped together as the Garber-Wellington
Formation. Together, they are about 900 feet thick at Tinker AFB. The interconnected,
lenticular nature of sandstones within the sequence forms complex pathways for groundwater
movement.

The surficial geology of the north section of the Base is dominated by the Garber Sandstone,
which outcrops across a board area of Oklahoma County. Generally, the Garber outcrop is
covered by a veneer of soil and/or alluvium up to 20 feet thick. To the south, the Garber
Sandstone is overlain by outcropping strata of the Hennessey Group, including the Kingman
Siltstone and the Fairmont Shale (Bingham and Moore, 1975). Drilling information obtained
as a result of geotechnical investigations and monitoring well installation confirms the
presence of these units.

Depositional Environment. The Permian-age strata presently exposed at the surface in
central Oklahoma were deposited along a low-lying north-south oriented coastline. Land
features included meandering to braided sediment-loaded streams that flowed generally
westward from highlands to the east (ancestral Ozarks). Sand dunes were common, as were
cut-off stream segments that rapidly evaporated. The climate was arid and vegetation sparse.
Off shore the sea was shallow and deepened gradually to the west. The shoreline’s position

varied over a wide range. Isolated evaporitic basins frequently formed as the shoreline
shifted.

Across Oklahoma, this depositional environment resulted in an interfingering collage of
fluviatile and wind-blown sands, clays, shallow marine shales, and evaporite deposits. The
overloaded streams and evaporitic basins acted as sumps for heavy metals such as iron,
chromium, lead, and barium. Oxidation of iron in the arid climate resulted in the reddish
color of many of the sediments. Erosion and chemical breakdown of granitic rocks from the
highlands resulted in extensive clay deposits. Evaporite minerals such as anhydrite (CaSO,),
barite (BaSQ,), and gypsum (CaSO,*2H,0) are common.

Around Tinker AFB, the Hennessey Group represents deposition in a tidal flat environment
cut by shallow, narrow channels. The Hennessey Group is comprised predominantly of red
shales which contain thin beds of sandstone (less than 10 feet thick) and siltstone. In outcrop,
"mudball” conglomerates, burrow surfaces, and dessication cracks are recognized. These units
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outcrop over roughly the southern half of the Base, thickening to approximately 70 feet in the
southwest from their erosional edge (zero thickness) across the central part of Tinker AFB.

In contrast, the Garber Sandstone and the Wellington Formation around Tinker AFB consist
of an irregularly-interbedded system of lenticular sandstones, siltstones, and shales deposited
either in meandering streams in the upper reaches of a delta or in a braided stream environ-
ment. Outcrop units north of Tinker AFB exhibit many small to medium channels with cut
and fill geometries consistent with a stream setting. Sandstones are typically cross-bedded.
Individual beds range in thickness from a few inches to approximately 50 feet and appear
massive, but thicker units are often formed from a series of "stacked" thinner beds. Geophys-
ical and lithologic well logs indicate that from 65 to 75 percent of the Garber Sandstone and
the Wellington Formation are composed of sandstone at Tinker AFB. The percentage of
sandstone in the section decreases to the north, south, and west of the Base. These sand-
stones are typically fine to very fine grained, friable, and poorly cemented. However, where
sandstone is cemented by red muds or by secondary carbonate or iron cements, local thin
"hard" intervals exist along disconformities at the base of sandstone beds. Shales are
described as ranging from clayey to sandy, are generally discontinuous, and range in thickness
from a few inches to approximately 40 feet.

Stratigraphic Correlation. Correlation of geologic units is difficult due to the discontinu-
ous nature of the sandstone and shale beds. However, cross-sections (Figure 3-1) demonstrate
that two stratigraphic intervals can be correlated over large sections of the Base in the
conceptual model. These intervals are represented on geologic cross-sections A-A’ and B-B’
(Figures 3-2 and 3-3). Section A-A’ is roughly a dip section and B-B’ is approximately a
strike section. The first correlatable interval is marked by the base of the Hennessey Group
and the first sandstone at the top of the Garber Sandstone. This interval is mappable over the
southern half of Tinker AFB. The second interval consists of a shale zone within the Garber
Sandstone which, in places, is comprised of a single shale layer and, in other places, of
multiple shale layers. This interval is more continuous than other shale intervals and in cross-
sections appears mappable over a large part of the Base. It is extrapolated under the central
portion of Tinker AFB where little well controls exists.

Structure. Tinker AFB lies within a tectonically stable area; no major near-surface faults or

fracture zones have been mapped near the Base. Most of the consolidated rock units of the
Oklahoma City area dip westward at a low angle. A regional dip of 0.0057 to 0.0076 ft/ft in
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a generally westward direction is supported by stratigraphic correlation on geologic cross-
sections at Tinker AFB. Bedrock units strike slightly west of north.

Although Tinker AFB lies in a tectonically stable area, regional dips are interrupted by buried
structural features located west of the Base. A published east-to-west generalized geologic
cross-section, which includes Tinker AFB, supports the existence of a northwest-trending
structural trough or syncline located near the western margin of the base. The syncline is
mapped adjacent to and just east of a faulted anticlinal structure located beneath the Oklaho-
ma City Oil Field. The fault does not appear to offset Permian-age strata. There are
indications that the syncline may act as a "sink" for some regional groundwater (southwest
flow) at Tinker AFB before it continues to more distant discharge points.

3.2.2 Site Geology

Borings at FTA1 reveal that the overburden consists essentially of 5 to 8 feet of black to
reddish-colored clay. The clay has low to medium plasticity with occasional pockets of
organic material. Several borings indicated "black lenses with black nodules" which may be
of organic origin. Beneath the shale is a highly-weathered red shale, about 6 feet in thick-
ness, which in some borings has the appearance of a clay. Beneath the shale is a red sand-
stone, poorly cemented and approximately 20 feet thick. The clay and shale represent the
lower part of the Hennessey Group (Fairmont Shale). The sandstone is the uppermost unit of
the Garber Sandstone.

The deeper stratigraphy is characterized by alternating beds of shale and sandstone of variable
thickness to a depth of greater than 70 feet, as seen in the boring logs from MW-61B and
MW-85B. MW-85B is a monitoring well located approximately 200 feet east of MW-61B
that is associated with the SP RI (USACE, 1991).

3.3 Hydrology

3.3.1 Regional/Tinker AFB Hydrology

The most important source of potable groundwater in the Oklahoma City metropolitan area is
the Central Oklahoma aquifer system. This aquifer extends under much of central Oklahoma
and includes water in the Garber Sandstone and Wellington Formation, the overlying alluvium
and terrace deposits, and the underlying Chase, Council Grove, and Admire Groups. The
Garber Sandstone and the Wellington Formation portion of the Central Oklahoma aquifer
system is commonly referred to as the "Garber-Wellington aquifer” and is considered to be a
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single aquifer because these units were deposited under similar conditions and because many
of the best producing wells are completed in this zone. On a regional scale, the aquifer is
confined above by the less permeable Hennessey Group and below by the Late Pennsylvanian
Vanoss Group.

Tinker AFB lies within the limits of the Garber-Wellington Groundwater Basin. Currently,
Tinker derives most of its water supply from this aquifer and supplements the supply by
purchasing from the Oklahoma City Water Department. The nearby communities of Midwest
City and Del City derive water supplies from both surface sources and wells tapping the
aquifer. Industrial operations, individual homes, farm irrigation, and small communities not
served by a municipal distribution system also depend on the Garber-Wellington aquifer.
Communities presently depending upon surface supplies (such as Oklahoma City) also
maintain a well system drilled into the Garber-Wellington as a standby source of water in the
event of drought.

Recharge of the Garber-Wellington aquifer is accomplished principally by percolation of
surface waters crossing the area of outcrop and by rainfall infiltration in this same area.
Because most of Tinker AFB is located in an aquifer outcrop area, the Base is considered to
be situated in a recharge zone.

According to Wood and Burton (1968) and Wickersham (1979), the quality of groundwater
derived from the Garber-Wellington aquifer is generally good, although wide variations in the
concentrations of some constituents are known to occur. Wells drilled to excessive depths
may encounter a saline zone, generally greater than 900 feet below ground surface. Wells
drilled to such depths or those accidentally encountering the saline zone are either grouted
over the lowest screens or may be abandoned.

Tinker AFB presently obtains its water supplies from a distribution system comprised of 29
water wells constructed along the east and west Base boundaries and by purchase from the
Oklahoma City Water Department. All Base wells are finished into the Garber-Wellington
aquifer. Base wells range from 700 to 900 feet in finished depth, with yields ranging from
205 to 250 gallons per minute. The wells incorporate multiple screens, deriving water
supplies from sand zones with a combined thickness from 103 to 184 feet (Wickersham,
1979).
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Although the variability in the geology and the recharge system at Tinker AFB makes it
difficult to predict local flow paths, Central Oklahoma aquifer water table data show that
regional groundwater flow under Tinker varies from west-northwest to southwest, depending
on location. This theory is supported by contoured potentiometric data from base monitoring
wells which show groundwater movement in the upper and lower aquifer zones to generally
follow regional dip. Measured normal to potentiometric contours, groundwater flow gradients
range from 0.0019 to 0.0057 ft/ft. However, because flow in the near-surface portions of the
aquifer at Tinker AFB is strongly influenced by topography, local stream base-levels, complex
subsurface geology, and location in a recharge area, both direction and magnitude of ground-
water movement is highly variable. The interaction of these factors not only influences
regional flow but gives rise to complicated local, often transient, flow patterns at individual
sites.

As a result of ongoing environmental investigations and the approximately 450 groundwater
monitoring wells installed on the Base during various investigations, a better understanding of
the specific hydrological framework has emerged. The current conceptual model developed
by Tinker AFB (Tinker, 1993), based on the increased understanding of the hydrological
framework, has been revised from an earlier model adopted by the USACE. Previous studies
reported that groundwater was divided into four water-bearing zones: the perched aquifer, the
top of regional aquifer, the regional aquifer, and the producing zone. In the current model,
two principal water table aquifer zones and a third less extensive zone have been identified.
The third is limited to the southwest quadrant. The third aquifer zone consisted of saturated
siltstone and thin sandstone beds in the Hennessey Shale and equates to the upper water
bearing zone (UWBZ) described by the USACE (1993a) at Landfills No. 1 through 4
(SWMUs 3 through 6). In addition, numerous shallow, thin saturated beds of siltstone and
sandstone exist throughout the Base. These are of limited areal extent and are often perched.

In the current conceptual hydrologic model, a USZ and an LSZ are recognized in the interval
from ground surface to approximately 200 feet. Below this is found the producing zone from
which the Base draws much of its water supply. Figure 3-4 shows the potentiometric surface
for the USZ and Figure 3-5 shows the potentiometric surface for the LSZ. The USZ exists
mainly under water table (unconfined) conditions, but may be partially confined locally.
Conditions in the LSZ are difficult to determine due to screen placement and overly long
sandpacks below the screen interval.
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FIGURE 3-5
TINKER AR FORCE BASE
LOWER SATURATED ZONE
POTENTIOMETRIC SURFACE
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The USZ is found at a depth of 5 to 70 feet below ground surface and has a saturated
thickness ranging from less than 1 foot at its eastern boundary to over 20 feet in places west
of Building 3001. The USZ is erosionally truncated by Soldier Creek along the northeastern
margin of Tinker AFB. This aquifer zone is considered to be a perched aquifer over the
eastern one-third of Tinker AFB, where it is separated from the LSZ by an underlying
confining shale layer and a vadose zone. The confining interval extends across the entire
Base, but the vadose zone exists over the eastern one-third of this area. The available
hydrogeologic data indicate that the vadose zone does not exist west of a north-south line
located approximately 500 to 1,000 feet west of the main runway; consequently, the USZ is
not perched west of this line. However, based on potentiometric head data from wells
screened above and below the confining shale layer, the USZ remains a discrete aquifer zone
distinct from the LSZ even over the western part of the Base. In areas where several shales
interfinger to form the lower confining interval rather than a single shale bed, "gaps" may
occur. In general, these "gaps” are not holes in the shale, but are places where multiple
shales exist that are separated by slightly more permeable strata. Hydrologic data from
monitoring wells indicate that these zones allow increased downward flow of groundwater
above normal rates through the confining layer.

The LSZ is hydraulically interconnected and can be considered one aquifer zone down to
approximately 200 feet. This area includes what was referred to by the USACE as the top of
regional and regional zones. Hydrogeologic data from wells screened at different depths at
the same location within this zone, however, provide evidence that locally a significant
vertical (downward) component of groundwater flow exists in conjunction with lateral flow.
The magnitude of the vertical component is highly variable over the Base. Preliminary
evidence suggests that the LSZ is hydraulically discrete from the producing zone. Due to
variations in topography, the top of the lower zone is found at depths ranging from 50 to 100
feet below ground surface under the eastern parts of the Base and as shallow as 30 feet to the
west. Differences in potentiometric head values found at successive depths are due to a
vertical (downward) component of groundwater flow in addition to lateral flow and the
presence or absence of shale layers which locally confine the aquifer system. The LSZ
extends east of the Base (east of Soldier Creek) beyond the limits of the USZ where it
becomes the first groundwater zone encountered in off-Base wells. Because of the regional
dip of bedding, groundwater gradient, and topography, the LSZ just east of the Base is
generally encountered at depths less than 20 feet.
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3.3.2 Site Hydrology

The groundwater at FTA1 that is encountered at 6 to 8 feet in the clay/shale of the Hennessey
appears to be hydraulically connected to the groundwater found in the shallow sandstone unit

beginning approximately 15 feet below ground surface. This aquifer zone is the USZ, which

is considered to be the top of the Garber-Wellington aquifer.

The USZ groundwater gradient slopes to the southwest toward Crutcho Creek (Figure 3-6)
with an average gradient of 0.0075 ft/ft. The USZ is mounded to the east underneath the SP
(due to fill material at the pond) and flows toward the southern edge of FTA1 from that site.
Current data, however, indicates the pond has been "cemented," in that the mound is disap-
pearing. USZ elevations at the FTA1 site were measured in June 1989, July through
September 1989, December 1989, and January 1990.

From groundwater contours of the USZ, it was determined that the USZ groundwater at FTA1
is flowing in a southwesterly direction with a hydraulic gradient of 0.0075 ft/ft. The average
hydraulic conductivity of the USZ water-bearing zone materials at FTA1 is 3.64 x 107
centimeter per second (cm/s) (37.7 feet per year), which results in a groundwater velocity
(Darcy’s Law) of 1.23 feet per year (USACE, 1992). This value is based on an assumed
effective porosity (n°) of 0.23. The hydraulic conductivity is an average value from slug tests
performed on four monitoring wells screened in the USZ.

There is apparently sufficient vertical permeability due to weathering to allow the USZ
groundwater to communicate upwards into what would normally appear to be a confining
layer. This movement is also aided by the presence of Crutcho Creek.

The LSZ is approximately 30 feet deep and groundwater flow in this zone in the vicinity of
FTA1 and the SP is complicated by a local high that exists at monitoring well (MW)-1B
(USACE, 1991). Further investigations are required to define the flow direction and
contamination that exists in this aquifer. Available data indicate that groundwater flow in the
LSZ at this site is to the southeast (Figure 3-7). However, the general flow direction in the
LSZ across most of Tinker AFB is the the southwest (Figure 3-5).

3.4 Soils

Three major soil types have been mapped in the Tinker AFB area and are described in Table 3-2
(U.S. Department of Agriculture [USDA], 1969). The three soil types, the Darrell-

Stephenville, Renfrow-Vernon-Bethany, and Dale-Canadian-Port, consist of sandy to fine
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Tinker AFB Soil Associations

Table 3-2

(Source: USDA, 1969)

soil on low benches near large
streams

Silty clay loam
Loam
Clay loam

Thickness Unified Permeability
Association Description (in.) Classification® (in./hr)

Darrell-Stephenville: loamy Sandy loam 12-54 SM,ML,SC 2.0-6.30
soils of wooded uplands Sandy clay loam

Soft sandstone

(Garber

Sandstone)
Renfrow-Vernon-Bethany: Silt loam - clay 12-60 ML,CL,MH,CH <0.60-0.20
loamy and clayey soils on Clay loam
prairie uplands Shale

(Fairmont Shale)
Dale-Canadian-Port: loamy Fine sandy loam 12-60 SM,ML,CL 0.05-6.30

3Unified classifications defined in U.S. Bureau of Reclamation, 5005-86.

KN/1256/SWMU7/SWMU?7.3-2/03-23-94/D1 11:28am
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sandy loam, silt loam, and clay loam, respectively. The Darrell-Stephenville and the
Renfrow-Vernon-Bethany are primarily residual soils derived from the underlying shales of
the Hennessey Group. The Dale-Canadian-Port association is predominantly a stream-
deposited alluvial soil restricted to stream floodplains. The thickness of the soils ranges from
12 to 60 inches. FTALI lies entirely within the Renfrow-Vernon-Bethany soil association.
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4.0 Source Characterization

FTA1 is located on the west side of Tinker AFB. The active fire training/burning area was
an unlined, diked circular-shaped area with a diameter of about 125 feet. The site was used
between 1950 and 1962. Fire-fighting exercises consisted of dousing an old aircraft with
flammable liquids, igniting a fire, and extinguishing the fire. Excess liquids were allowed to
percolate into the soil.

Twenty-seven soil borings were drilled at the site during the course of the USACE investiga-
tions to a maximum depth of 28 feet below land surface. Two monitoring wells were
installed in the USZ upgradient and downgradient of the site. Soil samples were collected
from the borings for analysis. Groundwater samples were collected for analysis from the
monitoring wells and piezometers were installed in soil boreholes.

The sampling results indicated that some contamination has occurred at this site. Soil
contamination was found to be greatest in the upper 15 feet at the site. The primary organic
compound detected in soil samples was bis(2-ethylhexyl)phthalate. This compound was
reported to be present in samples from borings within the training area and in samples from
borings located as far as 100 feet outside the designated training area. This compound is a
commonly-used plasticizer and also a common laboratory contaminant artifact. At such
elevated concentrations, the compound’s presence was postulated in the report to be the result
of burning aircraft.

Groundwater contamination in the USZ consisted of generally low concentrations of VOCs.
The contaminant most frequently encountered and at the greatest concentrations was 1,2-
dichloroethylene (DCE).

The nature and extent of soil and groundwater contamination is discussed in detail in Chapter
5.0, Contaminant Characterization.
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5.0 Contaminant Characterization

5.1 Constituents of Potential Concern

Through several phases of investigation, selected soil and groundwater samples were analyzed
for VOCs and SVOCs, pesticides, pH, and TOC. No pesticides were detected in any soil or
groundwater samples tested.

Soils. A total of 24 on-site and 3 off-site borings were drilled during investigations of the
FTAI1 site. Soil samples taken from these borings have been used to characterize the
contamination that exists at the FTA1 site. Soil samples were analyzed for metals, TOC,
VOCs, SVOCs, pesticides, pH, and conductivity. Fifteen SVOCs, ten VOCs, metals, and
TOC were detected with varying concentrations throughout FTA1.

Background for VOCs and SVOCs were obtained in investigations of FTA1. In June 1989,
soils were obtained from three off-site borings drilled south of the FTA1 to obtain VOC and
SVOC background concentrations. VOC and SVOC background values are given in Table
5-1. Sample locations are shown in Figure 1-3.

Background soil concentrations for trace metals were determined based on a study performed
by the USGS (1991). The study area was confined to approximately four counties in central
Oklahoma. Tinker AFB lies at the approximate center of this area. A total of 293 B-horizon
soil samples were collected throughout this area. Soil samples were collected at the top of
the B-horizon, which was usually 20 to 30 centimeters below the surface but ranged from 3 to
50 centimeters below the surface. For site-specific analytes for which the USGS offered no
background value, the analyte was compared to an applicable action level. The background
concentrations are presented in Table 5-2.

The use of B-horizon soil as selected by the USGS for metals background concentrations in
soil is conservative in that the soil sampled does not reflect all possible anthropogenic
influences. Most of the samples were obtained from hill crests and well drained areas in
pasture and forested land, well away from roadways to minimize contamination from
vehicular emissions (i.e., nearly "pristine” areas). Trace metal inputs to the study site soils on
Base, however, will come from anthropogenic sources outside of the study area, in addition to
those sources related to disposal activities or operations within the confines of the study site.
Therefore, responsibility may be taken for more trace metal impacts than are actually
attributable to a given site.
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Table 5-2

Background Concentrations of Trace Metals in Surface Soils®
SWMU-7, FTA1, Tinker AFB

(Page 1 of 2)

Background Concentration Range

Analyte Lower Detection Limit Minimum Value Maximum Value

Concentration in %

Aluminum 0.005 0.38 8.9
Cadmium 0.005 0.01 9.4
iron 0.005 0.18 5.8
Magnesium 0.005 0.02 5.3
Phosphorous 0.005 0.06 0.019
Potassium 0.05 0.1 2.4
Sodium 0.005 0.02 0.99
Titanium 0.005 0.04 0.42

Concentrations In ppm

Arsenic 0.1 0.6 21
Barium 1 47 6400
Beryllium 1 <1 3
Bismuth 10 <DL® <DL
Cadmium 2 <DL <DL
Cerium 4 14 110
Chromium 1 5 110
Cobait 1 <1 27
Copper 1 <1 59
Europium 2 ---¢ —
Gallium 4 <4 23
Gold 8 <DL <DL
Holmium 4 <DL <DL
Lanthanum 2 7 51
Lead 4 <4 27
Lithium 2 5 100
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Table 5-2

(Page 2 of 2)

Background Concentration Range
Analyte Lower Detection Limit Minimum Value Maximum Value
Manganese 10 24 3400
Molybdenum 2 <DL <DL
Neodymium 4 6 47
Nickel 2 <2 61
Niobium 4 <4 16
Scandium 2 <2 15
Selenium 0.1 <0.1 1.2
Silver 2 <DL <DL
Strontium 2 13 300
Tantalum 40 <DL <DL
Thorium 1 <1.40 15.00
Tin 10 <DL <DL
Uranium 0.1 0.650 6.400
Vanadium 2 5 220
Ytterbium 1 <1 3
Yttrium 2 3 43
Zinc 2 3 79

All B-horizon soil samples (293) from USGS, 1991.
PAll concentrations below the lower limits of determination.

Insufficient or no data.
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An additional level of conservatism was added in the manner in which the site-specific metals
concentrations were compared to the background levels. Typically, the environmental
concentrations of trace metals at study sites are represented by the arithmetic upper 95t
confidence interval on the mean of a normal distribution. This upper 95 confidence interval
value is then compared to the background values. The intent of this typical approach is to
estimate a Reasonable Maximum Exposure case (i.e., well above the average case) that is still
within the range of possible exposures.

To expedite this comparison and establish greater conservatism, the maximum concentration
found at the site of concern, rather than the upper 95™ confidence interval value, was
compared to the USGS background values. If the environmental concentration of a particular
analyte was below or within the minimum-maximum range of the USGS background
concentrations, that analyte was considered to be naturally occurring and of no further
concern to this investigation. Given the conservative approach of the comparisons, site-
specific metals concentrations would have to significantly exceed the USGS background
levels and be attributable to operations at the site before they would be considered a contami-

nant of concern.

The numerical comparison of site-specific metals concentrations to the USGS background
concentrations is presented in Section 5.2.

Groundwater. During the RIs between 1985 to 1990, the USZ at the FTA1 was monitored
by two monitoring wells (MW-61A and MW-62) and 17 polyvinyl chloride (PVC) piezomet-
ers installed in borings F1-1 to F1-3, F1-9 to F1-17, F1-20, and F1-24 to F1-27. All wells in
the vicinity of FTA1 were installed as upgradient and/or downgradient wells for FTA1, the
SP, and Landfills 1 through 6. During the RIs, no perimeter wells were available for use as
background wells in the immediate vicinity of FTA1. Therefore, the background concentra-
tions listed in Table 5-3 are taken from the USACE groundwater assessment report for the
Base (USACE, 1987). Background wells were chosen to be representative of groundwater
quality unaffected by man-made contamination. They are not necessarily upgradient.
Analyses of groundwater included metals, VOCs, SVOCs, pH, TOC, and conductivity.
Borings and well locations are shown in Figure 1-3.

Additional sampling of the USZ and LSZ was conducted in 1992 and 1993 from wells MW-
61A (USZ), MW61-B (LSZ), and MW-62 (USZ). Additional wells were installed in 1993 in
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Table 5-3

Background Concentrations
USZ and LSZ Groundwater
SWMU-7, FTA1, Tinker AFB

Compound usz LSz
Metals (ug/L)
Arsenic 10 2
Barium 1,110 663
Cadmium 10 7.5
Chromium 46 10
Lead 57 48
Mercury 0.4 0.4
Selenium 2.1 0.5
Silver 10 10
Nickel 101 33
Zinc 110 120
Indicators
pH (S.U.) 7.10 9.80
TOC (mg/L) 3.9 5.3
Conductivity (umhos/cm) 684 718

Source: U.S. Army Corps of Engineers, Tulsa District, "Tinker Air Force Base, Oklahoma City,
Oklahoma, Groundwater Assessment” September 1987.
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both the USZ and LSZ, but sampling data are not available (see Section 2.2 for identification
of these wells).

5.2 Soil Characterization

A total of 93 soil samples were taken from the 24 on-site borings. Ten of the 93 soil samples
were only tested for SVOCs. These 10 samples were taken from borings F1-7 and F1-8.
Thirty-eight of the 93 samples were tested only for pH, TOC, and conductivity. These 38
samples were taken from borings F1-9 to F1-20. The remaining 45 samples were tested for
VOCs and SVOCs, pH, TOC, and conductivity. Only 10 of the 93 samples were tested for
metals. These 10 samples were taken from borings F1-1, F1-2, and F1-3. Table 5-4 contains
the concentrations of individual compounds from the soil sample analyses. Table 5-5 presents
a summary of the detection frequencies, concentration ranges, and locations of maximum
concentrations for the contaminants detected in the soil.

Ten VOCs were detected in the soil samples taken from FTA1. Five of these compounds
(trans-1,2-dichloroethene, 1,1,1-trichloroethane, trichloroethene, 2-hexanone, and ethyl
benzene) were detected in only 1 of the 45 samples analyzed for VOCs. Xylenes were
detected in three of the samples and toluene was detected in five of the samples. The
maximum concentration detected for both of these compounds was 6 micrograms per
kilogram (ug/kg). All of the toluene and xylene detections were in the August 1989 sampling
from borings F1-24, F1-26, and F1-27, which are located beyond the limits of contamination
defined by the TOC analysis of borings F1-9 to F1-20. Chloroform was detected in 11 of the
45 samples at concentrations ranging from 2 to 5 pug/kg. All these detections were in the
August 1989 samples taken from borings F1-24 to F1-27. Chloroform was not detected in
any other soil samples, but was detected in the blanks; it is, therefore, probably a laboratory
contaminant or a contaminant introduced during sampling. Acetone was detected in 30
samples at concentrations ranging from 21 to 610 ug/kg. The concentrations were above the
background average of 12 pg/kg in 23 of the samples. Methylene chloride was the most
frequently detected VOC. It was found in 43 of the 45 samples analyzed at concentrations
ranging from 4 to 130 pg/kg. The concentrations of methylene chloride detected were at or
above the background average of 14 pg/kg in 25 of the samples.

Fifteen SVOCs were detected in the soil samples taken from FTA1. Twelve of these com-
pounds (n-nitrosodiphenylamine, anthracene, benzo[a)anthracene, chrysene, benzo[b]fluor-
anthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, benzo[g,h,i]perylene, and butyl benzyl
phthalate) were detected in only 1 of the 55 samples analyzed for SVOCs. Two SVOCs
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Table 5-4

Summary of Detected Contaminants - Soil
(USACE, 1992)
SWMU-7, FTA1, Tinker AFB

(Page 1 of 16)

Boring Number F1-1A F1-1C F1-1E F1-2A F1-2C F1-2E LLSBLK
SWD Sample Number 7-211 7-214 7-216 7-218 7-220 7-222
Date Sampled 02-26-87 02-26-87 02-26-87 02-26-87 02-26-87 02-26-87 02-26-87
Depth 0-1’ 4-7 10-13 o-1’ 4-7 10-13
Volatile Organics (pg/kg)
Methylene chloride 19 16 16 1 14 20 <5
Acetone <12 <12 <12 <13 <12 18 <10
Trans-1,2-dichloroethene <6 <6 <6 <7 <6 <6 <5
Chloroform <6 <6 <6 <7 <6 <6 <5
1,1,1-Trichloroethane <6 <6 <6 <7 <6 <6 <5
Trichloroethene <6 <6 <6 <7 <6 <6 <5
2-Hexanone <12 <12 <12 <13 <12 <12 <10
Toluene <6 <6 <6 <7 <6 <6 <5
Ethyl benzene <6 <6 <6 <7 <6 <6 <5
Xylenes <6 <6 <6 <7 <6 <6 <5
Metals {(mg/kg)
Silver <0.5 <0.5 <0.5 1.6 27 <0.5 NT
Arsenic 13 <1.0 <1.0 <1.0 <1.0 1.9 NT
Barium 250 260 750 310 180 560 NT
Cadmium 0.88 0.5 141 17 0.89 0.53 NT
Chromium 1 9.9 7.5 36 83 5.9 NT
Mercury 0.14 <0.1 0.16 <0.1 <0.1 <0.1 NT
Nickel 8.6 11 11 20 83 11 NT
Lead 18 8.9 16 170 12 15 NT
Selenium <0.1 <0.1 <0.1 <0.1 0.21 0.16 NT
Zinc 16 10 10 160 8.9 1 NT
Semivolatile Organics (pg/kg)
n-Nitrosodipropylamine <410 310J <400 <8100 <400 <410 <330
Fluoranthenebenzene <410 <400 <400 <8100 <400 <410 <330
Pyrene <410 <400 <400 <8100 <400 <410 <330
KN/1256/SWMUT/SWMU.5-4/03-23-94/D2 5-8




Table 5-4

(Page 2 of 16)

Boring Number F1-1A F1-1C F1-1E F1-2A F1-2C F1-2E LLSBLK
SWD Sample Number 7-211 7-214 7-216 7-218 7-220 7-222
Date Sampled 02-26-87 02-26-87 02-26-87 02-26-87 02-26-87 02-26-87 02-26-87
Depth 0-1’ 4-7 10-13’ 0-1’ 4-7 10-13’
Semivolatile Organics (ug/kg) (Continued)
Diethyl phthalate <410 314 <400 <8100 <400 <410 <330
n-Nitrosodiphenylamine <410 160 J <400 <8100 <400 <410 <330
Phenanthrene <410 104 <4001 <8100 <400 <410 <330
Anthracene <410 9J <400 <8100 <400 <410 <330
Benzo(a)anthracene <410 <400 <400 <8100 <400 <410 <330
Chrysene <410 <400 <400 <8100 <400 <410 <330
Bis(2-ethylhexyl)phthalate 1900 610 410 <8100 1100 360 J <330
Benzo(b)fluoranthene <410 <400 <400 <8100 <400 <410 <330
Benzo(a)pyrene <410 <400 <400 <8100 <400 <410 <330
Indeno(1,2,3-cd)pyrene <410 <400 <400 <8100 <400 <410 <330
Benzo(g,h,i)perylene <410 <400 <400 <8100 <400 <410 <330
Butyl benzyl phthalate <410 <400 <400 <8100 <400 <410 <330
Indlcators
pH (S.U) 7.28 6.54 7.37 7.36 6.88 7.73 NT
TOC (mg/kg) 2800 2500 500 26000 3800 1300 NT
Conductivity (:mhos/cm) 580 1100 570 240 390 530 NT
LLSBLK = Laboratory Soil Test
NT = Compound Not Tested For
J = Estimated Concentration
KN/1256/SWMU7/SWMUT.5-4/03-23-94/D2 | 5-9




Table 5-4

(Page 3 of 16)

Boring Number F1-3A F1-3C F1-3D F1-3E LLSBLK
SWD Sample Number 7-227 7-2280 7-229 7-230
Date Sampled 03-09-87 03-09-87 03-09-87 03-09-87 03-09-87
Depth 0-1’ 4-7 10-13' 9-10’
Volatile Organics (ug/kg)
Methylene chloride 21 29 28 130 5J
Acetone 13 28 10J <62 <10
Trans-1,2-dichloroethene <6 <6 <6 <31 <5
Chloroform <6 <6 <6 <31 <5
1,1,1-Trichloroethane <6 <6 <6 <31 <5
Trichloroethene <6 <6 <6 <31 <5
2-Hexanone <12 <12 <12 <62 <10
Toluene <6 <6 <6 <31 <5
Ethyl benzene <6 <6 <6 <31 <5
Xylenes <6 <6 <6 <31 <5
Metals (mg/kg)
Silver 0.54 0.78 <0.5 <0.5 NT
Arsenic <1.0 <1.0 16 1.2 NT
Barium 900 190 280 420 NT
Cadmium 14 0.52 0.59 054 NT
Chromium 73 8.8 8.9 8.9 NT
Mercury <0.1 <0.1 <0.1 <0.1 NT
Nickel 7.9 7.3 9.5 9.7 NT
Lead 74 9.1 11 12 NT
Selenium 0.17 0.16 0.16 0.15 NT
Zinc 14 75 10 83 NT
Semivolatile Organics (ug/kg)
n-Nitrosodipropylamine <1600 <410 <410 <420 <400
Fluoranthenebenzene <1600 <410 <410 <420 <400
Pyrene <1600 <410 <410 <420 <400
Diethyl phthalate <1600 <410 <410 <420 <400
n-Nitrosodiphenylamine <1600 <410 <410 <420 <400
Phenanthrene <1600 <410 <410 <420 <400
KN/1256/SWMUT/SWMU7.5-4/03-23-94/D2 5-10




Table 5-4

(Page 4 of 16)
Boring Number F1-3A F1-3C F1-3D F1-3E LLSBLK
SWD Sample Number 7-227 7-2280 7-229 7-230
Date Sampled 03-09-87 03-09-87 03-09-87 03-09-87 03-09-87
Depth 0-1’ 4-7 10-13 9-10°
Semlvolatile Organics (ng/kg) (Continued)
Anthracene <1600 <410 <410 <420 <400
Benzo(a)anthracene <1600 <410 <410 <420 <400
Chrysene <1600 <410 <410 <420 <400
Bis(2-ethylhexyl)phthalate 5200 5900 170 J <420 1100
Benzo(b)fluoranthene <1600 <400 <400 <420 <400
Benzo(a)pyrene <1600 <400 <400 <420 <400
Indeno(1,2,3-cd)pyrene <1600 <400 <400 <420 <400
Benzo(g,h,iperylene <1600 <400 <400 <420 <400
Butyl benzyl phthalate <1600 <400 <400 <420 <400
Indicators
pH (S.U) 7.22 6.94 7.02 7.51 NT
TOC (mg/kg) 12000 4200 2700 1500 NT
Conductivity (umhos/cm) 530 400 400 400 NT
J = Estimated Concentration
B = Analyte Found in Blank
NT = Compound Not Tested For
KN/1256/SWMU7/SWMU7.54/03-23-94/D2 5-11




Table 5-4
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Boring Number F1-4 Fi4 F1-4 Fi14 F14
SWD Sample Number 7-374 7-375 7-376 7-377 7-378
Date Sampled 06-26-87 06-26-87 06-26-87 06-26-87 06-26-87
Depth 0-1’ 1-4 4-7 7-10° 10-13°
Volatlle Organics (pg/kg)

Methylene chloride 7 5J 9 5J 15
Acetone <12 11J 35 124 190
Trans-1,2-dichloroethene <6 <6 <6 <6 <6
Chloroform <6 <6 <6 <6 <6
1,1,1-Trichloroethane <6 <6 <6 <6 <6
Trichloroethene <6 <6 <6 <6 <6
2-Hexanone <12 7J <12 <12 <12
Toluene <6 <6 <6 <6 <6
Ethyl benzene <6 <6 <6 <6 <6
Xylenes <6 <6 <6 <6 <6
Semovolatile Organics (1g/kg)

n-Nitrosodipropylamine <410 <410 <400 <400 <420
Fluoranthenebenzene <410 <410 <400 <400 <420
Pyrene <410 <410 <400 <400 <420
Diethyl phthalate <410 <410 <400 <400 <420
n-Nitrosodiphenylamine <410 <410 <400 <400 <420
Phenanthrene <410 <410 <400 <400 <420
Anthracene <410 <410 <400 <400 <420
Benzo(a)anthracene <410 <410 <400 <400 <420
Chrysene <410 <410 <400 <400 <420
Bis(2-ethylhxyl)phthalate 770 1700 2300 7300 250 J
Benzo(b)fluoranthene <410 <410 <400 <400 <420
Benzo(a)pyrene <410 <410 <400 <400 <420
Indeno(1,2,3-cd)pyrene <410 <410 <400 <400 <420
Benzo(g,h,i)perylene <410 <410 <400 <400 <420
Butyl benzyl phthalate <410 <410 <400 <400 <420

LLSBLKB = Laboratory Soil Test

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7 5-4/03-23-94/D2
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Table 5-4

(Page 6 of 16)

Boring Number F1-4 Fi14 F14 LLSBLK
SWD Sample Number 7-379 7-380 7-381

Date Sampled 06-26-87 06-26-87 06-26-87 06-26-87
Depth 13-16’ 16-22 21.5-26.7

Volatile Organics (ug/kg)

Methylene chloride 12 13 5J 3J
Acetone 46 94 <11 <10
Trans-1,2-dichloroethene <6 <6 <6 <5
Chioroform <6 <6 <6 <5
1,1,1-Trichloroethane <6 <6 <6 <5
Trichloroethene <6 <6 <6 <5
2-Hexanone <12 <13 <11 <10
Toluene <6 <6 <6 <5
Ethyl benzene <6 <6 <6 <5
Xylenes <6 <6 <6 <5
Semivolatile Organics (ug/kg)

n-Nitrosodipropylamine <400 <420 <380 <330
Fluoranthenebenzene <400 <420 <380 <330
Pyrene <400 <420 <380 <330
Diethyl phthalate <400 <420 <380 <330
n-Nitrosodiphenylamine <400 <420 <380 <330
Phenanthrene <400 <420 <380 <330
Anthracene <400 <420 <380 <330
Benzo(a)anthracene <400 <420 <380 <330
Chrysene <400 <420 <380 <330
Bis(2-ethylhexyl)phthalate <400 560 230 J <330
Benzo(b)fluoranthene <400 <420 <380 <330
Benzo(a)pyrene <400 <420 <380 <330
Indeno(1,2,3-cd)pyrene <400 <420 <380 <330
Benzo(g,h.i)perylene <400 <420 <380 <330
Butyl benzyl phthalate <400 <420 <380 <330

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7.54/03-23-94/D2
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Boring Number F1-5 Fi1-5 F1-5 F1-5
SWD Sample Number 7-389 7-390 7-391 7-392
Date Sampled 06-30-87 06-30-87 06-30-87 06-30-87
Depth 0-1’ 1-4’ 4-7 7-10°
Volatile Organics (ng/kg)
Methylene chloride 7 1 5J 7
Acetone <12 18 <12 <13
Trans-1,2-dichlorosethene <6 <6 <6 <6
Chloroform <6 <6 <6 <6
1,1,1-Trichloroethane <6 <6 <6 3J
Trichloroethene <6 <6 <6 3J
‘ 2-Hexanone <12 <13 <12 <13
Toluene <6 <6 <6 <6
Ethyl benzene <6 <6 <6 <6
Xylenes <6 <6 <6 <6
Semivolatile Organics (ng/kg)
n-Nitrosodipropylamine <400 <420 <410 <420
Fluoranthenebenzene <400 <420 <410 <420
Pyrene <400 <420 <410 <420
Diethyl phthalate <400 <420 <410 <420
n-Nitrosodiphenylamine <400 <420 <410 <420
Phenanthrene <400 <420 <410 <420
Anthracene <400 <420 <410 <420
Benzo(a)anthracene <400 <420 <410 <420
Chrysene <400 <420 <410 <420
Bis(2-ethylhexyl)phthalate 300J 650 1800 250 J
Benzo(b)fluoranthene <400 <420 <410 <420
Benzo(a)pyrene <400 <420 <410 <420
Indeno(1,2,3-cd)pyrene <400 <420 <410 <420
Benzo(g,h,i)perylene <400 <420 <410 <420
Butyl benzyl phthalate <400 <420 <410 <420

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7.5-4/03-23-94/D2
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Table 5-4
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Boring Number F1-5 F1-5 F1-5 F1-5
SWD Sample Number 7-393 7-394 7-395 7-396
Date Sampled 06-30-87 06-30-87 06-30-87 06-30-87
Depth 10-13° 13-16’ 16-22' 22-28
Volatile Organics (ug/kg)

Methylene chloride 8 23 4J <6
Acetone <12 7J <12 3J
Trans-1,2-dichloroethene <6 <6 <6 <6
Chloroform <6 <6 <6 <6
1,1,1-Trichloroethane <6 <6 <6 <6
Trichloroethene <6 <6 <6 <6
2-Hexanone <12 <12 <12 <11
Toluene <6 <6 <6 <6
Ethyl benzene <6 <6 <6 <6
Xylenes <6 <6 <6 <6
Semivolatile Organics (ug/kg)

n-Nitrosodipropylamine <410 <410 <400 <370
Fluoranthenebenzene <410 <410 <400 <370
Pyrene <410 <410 <400 <370
Diethyl phthalate <410 <410 <400 <370
n-Nitrosodiphenylamine <410 <410 <400 <370
Phenanthrene <410 <410 <400 <370
Anthracene <410 <410 <400 <370
Benzo(a)anthracene <410 <410 <400 <370
Chrysene <410 <410 <400 <370
Bis(2-ethylhexyl)phthalate 120J 1000 1100 1000
Benzo(b)fluoranthene <410 <410 <400 <370
Benzo(a)pyrene <410 <410 <400 <370
Indeno(1,2,3-cd)pyrene <410 <410 <400 <370
Benzo(g,h,i)perylene <410 <410 <400 <370
Butyl benzyl phthalate <410 <410 <400 <370

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7 .5-4/03-23-94/D2
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Boring Number F1-6 F1-6 F1-6 F1-6
SWD Sample Number 7-397 7-398 7-399 7-400
Date Sampled 06-30-87 06-30-87 06-30-87 06-30-87
Depth 0-1° 14 4-7 7-10°
Volatile Organics (ug/kg)

Methylene chloride 6 8 7 20
Acstone <12 4J <13 3J
Trans-1,2-dichloroethene <6 <7 <7 <6
Chloroform <6 <7 <7 <6
1,1,1-Trichloroethane <6 <7 <7 <6
Trichloroethene <6 <7 <7 <6
2-Hexanone <12 <13 <13 <13
Toluene <6 <7 <7 <6
Ethyl benzene <6 <7 <7 <6
Xylenes <6 <7 <7 <6
Semivolatile Organics (ug/kg)

n-Nitrosodipropylamine <400 <440 <440 <420
Fluoranthenebenzene <400 390 J ‘<440 <420
Pyrene <400 330J <440 <420
Diethy! phthalate <400 <440 <440 <420
n-Nitrosodiphenylamine <400 <440 <440 <420
Phenanthrene <400 170 J <440 <420
Anthracene <400 <440 <440 <420
Benzo(a)anthracene <400 290 J <440 <420
Chrysene <400 170 J <440 <420
Bis(2-ethylhexyl)phthalate 850 1100 1200 1200
Benzo(b)fluoranthene <400 250 J <440 <420
Benzo(a)pyrene <400 180 J <440 <420
Indeno(1,2,3-cd)pyrene <400 200J <440 <420
Benzo(g,h,i)perylene <400 180 J <440 <420
Butyl benzyl phthalate <400 <440 <440 <420

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7 5-4/03-23-94/D2
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Boring Number F1-6 F1-6 F1-6 F1-6
SWD Sample Number 7-401 7-402 7-403 7-404
Date Sampled 06-30-87 06-30-87 06-30-87 06-30-87
Depth 10-13° 13-16’ 16-22 22-28
Volatile Organics (ng/kg)

Methylene chioride 17 91 20 18
Acetone 22 2J 610 15
Trans-1,2-dichloroethene <6 10 <6 <6
Chloroform <6 <6 <6 <6
1,1,1-Trichloroethane <6 <6 <6 <6
Trichloroethene <6 <6 <6 <6
2-Hexanone <12 <12 <12 <11
Toluene <6 <6 <6 <6
Ethyl benzene <6 <6 <6 <6
Xylenes <6 <6 <6 <6
Semivolatile Organics (ng/kg)

n-Nitrosodipropylamine <410 <380 <390 <380
Fluoranthenebenzene <410 <380 <390 <380
Pyrene <410 <380 <390 <380
Diethyl phthalate <410 <380 <390 <380
n-Nitrosodiphenylamine <410 <380 <390 <380
Phenanthrene <410 <380 <390 <380
Anthracene <410 <380 <390 <380
Benzo(a)anthracene <410 <380 <390 <380
Chrysene <410 <380 <390 <380
Bis(2-ethythexyl)phthalate 790 430 980 800
Benzo(b)fluoranthene <410 <380 <390 <380
Benzo(a)pyrene <410 <380 <390 <380
Indenof(1,2,3-cd)pyrene <410 <380 <390 <380
Benzo(g,h,i)perylene <410 <380 <390 <380
Butyl benzyl phthalate <410 <380 <390 <380

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7 .5-4/03-23-94/D2
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Boring Number F1-7 F1-7 F1-7 F1-7 F1-7
SWD Sample Number 7-426 7-427 7-428 7-429 7-430
Date Sampled 07-09-87 07-09-87 07-09-87 07-09-87 07-09-87
Depth 0-1 1-7 7-13° 13-19 19-25'
Semivolatlle Organics (ng/kg)

n-Nitrosodipropylamine <410 <390 <400 <400 <400
Fluoranthenebenzene <410 <390 <400 <400 <400
Pyrene <410 <390 <400 <400 <400
Diethyl phthalate <410 <390 <400 <400 <400
n-Nitrosodiphenylamine <410 <390 <400 <400 <400
Phenanthrene <410 <390 <400 <400 <400
Anthracene <410 <390 <400 <400 <400
Benzo(a)anthracene <410 <390 <400 <400 <400
Chrysene <410 <390 <400 <400 <400
Bis(2-ethylhexyl)phthalate 2200 3600 440 280 J 1300
Benzo(b)fluoranthene <410 <390 <400 <400 <400
Benzo(a)pyrene <410 <390 <400 <400 <400
Indeno(1,2,3-cd)pyrene <410 <390 <400 <400 <400
Benzo(g,h,i)perylene <410 <390 <400 <400 <400
Butyl benzyl phthalate <410 <390 <400 <400 <400

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU?7.5-4/03-23-94/D2
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Boring Number F1-8 Fi-8 F1-8 F1-8 F1-8 LLSBLK
SWD Sample Number 7-431 7-432 7433 7-434 7-435

Date Sampled 07-19-87 07-19-87 07-09-87 07-09-87 07-09-87 07-09-87
Depth 0-1’ 1-7 7-13’ 13-19 19-25°

Semivolatile Organics (ng/kg)

n-Nitrosodipropylamine <410 <400 <450 <420 <390 <330
Fluoranthenebenzene <410 <400 <450 <420 <380 <330
Pyrene <410 <400 <450 <420 <390 <330
Diethyl phthalate <410 <400 69J <420 <390 <330
n-Nitrosodiphenylamine <410 <400 <450 <420 <390 <330
Phenanthrene <410 <400 <450 <420 <390 <330
Anthracene <410 <400 <450 <420 <390 <330
Benzo(a)anthracene <410 <400 <450 <420 <390 <330
Chrysene <410 <400 <450 <420 <390 <330
Bis(2-ethylhexyl)phthalate 11000 1600 180 J 230 J 930 <330
Benzo(b)fluoranthene <410 <390 <450 <420 <390 <330
Benzo(a)pyrene <410 <400 <450 <420 <330 <330
Indeno(1,2,3-cd)pyrene <410 <400 <450 <420 <390 <330
Benzo(g,h,i)perylene <410 <400 <450 <420 <390 <330
Butyl benzy! phthalate 210 J <400 <450 <420 <390 <330

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU7.5-4/03-23-94/D2 5-19
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Boring Number Fi-9 F1-9 F1-9 F1-10 F1-10 F1-10
SWD Sample Number 9-795 9-796 9-797 9-798 9-799 9-800
Date Sampled 06-26-89 06-26-89 06-26-89 06-26-89 06-26-89 06-26-89
Depth 0-1' 4-7 10-13 0-5 510 10-15'
Indicators
pH (S.U) NT 7.10 NT 7.00 6.90 NT
TOC (mg/kg) 26300 6200 6300 8100 4300 1500
Boring Number F1-11 F1-11 F1-11 F1-12 F1-12 F1-12
SWD Sample Number 9-801 9-802 9-803 9-804 9-805 9-844
Date Sampled 06-26-89 06-26-89 06-26-89 06-26-89 06-26-89 06-26-89
Depth 2-5 510’ 10-15 0-5 5-10° 10-12
Indicators
pH (S.U.) NT 6.80 NT 7.10 NT 7.40
TOC (mg/kg) 10000 5100 200 6800 1200 1200
Boring Number F1-13 F1-13 F1-13 F1-13
SWD Sample Number 9-806 9-807 9-808 9-809
Date Sampled 06-27-89 06-27-89 06-27-89 06-27-89
Depth 0-5 510’ 7-10° 10-13
Indicators
pH (S.U) NT 7.40 NT NT
TOC (mg/kg) 5000 1800 3700 400
Boring Number F1-14 F1-14 F1-14 F1-14
SWD Sample Number 9-810 9-811 9-812 9-813
Date Sampled 06-27-89 06-27-89 06-27-89 06-27-89
Depth 04’ 4-7 7-10° 10-13’
Indicators
TOC (mg/kg) 7800 3700 2200 500

KN/1256/SWMU7/SWMU7.5-4/03-23-94/D2
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Boring Number F1-15 F1-15 F1-15 F1-16 F1-16 Fi-16
SWD Sample Number 9-814 9-815 9-816 9-817 9-818 9-819
Date Sampled 06-28-89 06-28-89 06-28-89 06-27-89 06-27-89 06-27-89
Depth 0-5' 510’ 10-15 0-5 510 10-15’
Indicators
TOC (mg/kg) 6900 1800 16800 5200 1900 400
Boring Number F1-17 F1-17 F1-18 F1-18 F1-18 F1-18
SWD Sample Number 9-820 9-821 9-822 9-823 9-824 9-825
Date Sampled 06-26-89 06-26-89 06-26-89 06-23-89 06-23-89 06-23-89
Depth 0-5' 5-10° 10-158' 0-5 510 10-10.5
Indicators
TOC (mg/kg) 6800 2700 7100 7300 3600 4200
Boring Number F1-19 F1-19 Fi-19 F1-20 F1-20 F1-20
SWD Sample Number 9-826 9-827 9-828 9-829 9-830 9-831
Date Sampled 06-26-89 06-26-89 06-26-89 06-27-89 06-27-89 06-27-89
Depth 0-5' 510’ 10-18 0-5 510’ 10-10.5°
Indicators
pH (S.U.) 6.70 7.40 NT NT NT NT
TOC (mg/kg) 9400 2600 1200 5900 1800 1000

Boring Number EQ BLK

SWD Sample Number -840

Date Sampled 06-28-89

Depth

Indicators

pH (S.U) 6.70

TOC (mghkg) 13800

EQ BLK = Equipment Blank
NT = Compound Not Tested For

RN/1256/SWMU7/SWMU7 5-4/03-23-94/D2 5-21
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Boring Number F1-24 F1-24 F1-24 F1-25 F1-25
SWD Sample Number 9-1143 9-1144 9-1145 9-1146 9-1147
Date Sampled 08-21-89 08-21-89 08-21-89 08-21-89 08-21-89
Depth 0-5' 57 10-15 0-5 5-10°
Volatile Organics (pg/kg)

Methylene chloride 29B 338B 23B 16B 378
Acetone 19 90 82 528 89
Trans-1,2-dichloroethene NT NT NT NT NT
Chloroform 4 BJ 28J 4 BJ 5BJ 4BJ
1,1,1-Trichloroethane <6 <6 <6 <6 <6
Trichlorosthene <6 <6 <6 <6 <6
2-Hexanone <12 <12 <12 <12 <12
Toluene 1J 2J 4J <6 <6
Ethyl benzene <6 <6 <6 <6 <6
Xylenes <6 1J 4J <6 <6
Semivolatile Organics (ug/kg)

n-Nitrosodipropylamine <400 <400 <410 <380 <400
Fluoranthenebenzene <400 <400 <410 <380 <400
Pyrene <400 <400 <410 <380 <400
Diethyl phthalene <400 <400 <410 <380 <400
n-Nitrosodiphenylamine <400 <400 <410 <380 <400
Phenanthrene <400 <400 <410 <380 <400
Anthracene <400 <400 <410 <380 <400
Benzo(a)anthracene <400 <400 <410 <380 <400
Chrysene <400 <400 <410 <380 <400
Bis(2-ethylhexyl)phthalate 550 1100 <410 790 5700
Benzo(b)fluoranthene <400 <400 <410 <380 <400
Benzo(a)pyrene <400 <400 <410 <380 <400
Indeno(1,2,3-cd)pyrene <400 <400 <410 <380 <400
Benzo(g,h,i)perylene <400 <400 <410 <380 <400
Butyl benzyl phthalate <400 <400 <410 <380 <400
Indicators

TOC (mg/kg) 5800 2500 600 7000 1100

B = Compound Also Found in Blanks

NT = Compound Not Tested For

J = Compound Present Below Laboratory Detection Limits

KN/1256/SWMU7/SWMU?7 5-4/03-23-94/D2
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Boring Number F1-26 F1-26 F1-26 F1-27 F1-27 F1-27
SWD Sample Number 9-1148 9-1149 9-1150 9-1151 9-1182 9-1153
Date Sampled 08-22-89 08-22-89 08-22-89 08-22-89 08-22-89 08-22-89
Depth 0-5 510 10-15 0-5 5-10° 10-15

Volatile Organics (pg/kg)

Methylene chloride 7B 527 44 B 19B 54 B 21B
Acetone 60 B 230 B 140 B 30B 140 B 70B
Trans-1,2-dichloroethene NT NT NT NT NT NT
Chloroform 4 BJ 4 BJ 4 BJ 4 BJ 4BJ 4BJ
1,1,1-Trichloroethane <6 <6 <6 <6 <6 <6
Trichloroethene <6 <6 <6 <6 <6 <6
2-Hexanone <12 <12 <12 <12 <12 <12
Toluene 2J <6 <6 <6 6J <6
Ethyl benzene <6 <6 <6 <6 7 <6
Xylenes <6 <6 <6 <6 6J <6

Semivolatile Organics (ug/kg)

n-Nitrosodipropylamine <390 <390 <390 <390 <400 <400
Fluoranthenebenzene <390 <390 <390 <390 <400 <400
Pyrene <390 <390 <390 <390 <400 <400
Diethyi phthalene <390 <390 <390 <390 <400 <400
n-Nitrosodiphenylamine <390 <390 <390 <390 <400 <400
Phenanthrene <390 <390 <390 <390 <400 <400
Anthracene <390 <390 <390 <390 <400 <400
Benzo(a)anthracene <390 <390 <380 <390 <400 <400
Chrysene <390 <390 <390 <390 <400 <400
Bis(2-ethylhexyl)phthalate 2500 2400 <390 <390 <400 <400
Benzo(b)fluoranthene <390 <390 <390 <390 <400 <400
Benzo(a)pyrene <390 <390 <390 <390 <400 <400
Indeno(1,2,3-cd)pyrene <390 <390 <390 <390 <400 <400
Benzo(g,h,i)perylene <390 <390 <390 <390 <400 <400
Butyl benzyl phthalate <390 <390 <390 <390 <400 <400
Indicators

TOC (mg/kg) 5700 3400 1300 8500 2900 8200

B = Compound Also Found in Blanks
NT = Compound Not Tested For
J = Compound Present Below Laboratory Detection Limits
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Table 5-5

Detection Frequencies - Soil
(USACE, 1992)
SWMU-7, FTA1, Tinker AFB

(Page 1 of 2)

Location of
Detected Concentration Maximum
Compound Frequency Range Concentration

Boring Depth
Volatile Organics (ng/kg)
Methylene chloride 44/45 4 130 F1-3E 9-10’
Acetone 30/45 21 610 F1-6 16°-22’
Trans-1,2-dichloroethene 1/34 - 10 F1-6 13-16’
Chioroform 11/45 2 5 F1-25 0-5
1,1,1-Trichloroethane 1/45 - 3 F1-5 7-10°
Trichloroethene 1/45 - 3 F1-5 7-10°
2-Hexanone 1/45 - 7 F1-4 1-4
Toluene 5/45 1.4 6 F1-27 5-10
Ethyl benzene 1/45 - 7 F1-27 5-10°
Xylenes 3/45 1 6 F1-27 510
Metals (mg/kg)
Silver 4/10 0.54 2.7 F1-2C 4-7
Arsenic 4/10 1.2 1.9 F1-2E 10-13
Barium 10/10 180 900 F1-3A o-1
Cadmium 10/10 0.5 17 F1-2A 0-1
Chromium 10/10 5.9 36 F1-2A o-1
Mercury 2/10 0.14 0.16 F1-1E 1013’
Nickel 10/10 7.3 20 F1-2A o-1
Lead 10/10 8.9 170 F1-2A o-1
Selenium 6/10 0.15 o0.21 F1-2C 4-7
Zinc 10/10 7.5 160 F1-2A o-1
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Table 5-5

(Page 2 of 2)

Location of
Detected Concentration Maximum
Compound Frequency Range Concentration

Boring Depth
Semivolatile Organics (ug/kg)
n-Nitrosodipropylamine 1/55 - 310 F1-1C 4-7
Fluoranthenebenzene 1/55 - 390 F1-6 -4
Pyrene 1/55 - 330 Fi-6 1°-4
Diethyl phthalate 2/55 31 69 F1-8 713
n-Nitrosodiphenylamine 1/55 - 160 F1-1C 4.7
Phenanthrene 2/55 10 170 F1-6 1-4
Anthracene 1/55 - 9 F1-1C 4-7
Benzo(a)anthracene 1/55 - 290 F1-6 1-4
Chrysene 1/55 - 170 F1-6 1-4'
Bis(2-ethylhexyl)phthalate 47/55 120 11000 F1-8 o-1
Benzo(b)fluoranthene 1/55 - 250 F1-6 1-4
Benzo(a)pyrene 1/55 - 180 F1-6 1’-4
indeno(1,2,3-cd)pyrene 1/55 - 200 F1-6 1’-4’
Benzo(g,h,i)perylene 1/55 - 180 F1-6 1-4
Butyl benzyl phthalate 1/55 - 210 F1-8 0-1
Indicators
pH (S.U.) 19/19 6.54 7.73 F1-2E 1013’
TOC (mg/kg) 59/59 200 26300 F1-9 o-1
Conductivity (umhos/cm) 10/10 240 1100 F1-1C 4-7
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(diethyl phthalate and phenanthrene) were detected in 2 of the 55 samples analyzed. Most of
these occurrences were in samples taken from F1-6. These 14 compounds were not consider-
ed significant due to the low detection frequencies and the low concentrations. The highest
concentration of these 14 compounds was for fluoranthenebenzene at 390 pg/kg. The remain-
ing SVOC, bis(2-ethylhexyl)phthalate, was detected in 47 of the 55 samples at concentrations
ranging from 120 to 11,000 pg/kg. The maximum concentration occurred in boring F1-8 in
the sample taken from O to 1 foot below the surface.

Ten samples were analyzed for ten metals. Barium, cadmium, chromium, nickel, lead, and
zinc were detected in each of the ten samples analyzed for metals. Lead and zinc were
detected above the maximum background levels in concentrations ranging from 8.9 to 170
milligrams per kilogram (mg/kg), and 7.5 to 160 mg/kg, respectively. Mercury was detected
in two of the ten samples at concentrations of 0.14 and 0.16 mg/kg. There is no background
level established for mercury.

5.3 Groundwater Characterization

5.3.1 Upper Saturated Zone, 1987-1990

During the RI between 1989 and 1990, a total of 26 water samples were collected from the 2
monitoring wells and the 17 PVC piezometers set in the borings that monitor the USZ
groundwater at the FTA1 site (USACE, 1992). Twelve of the samples were analyzed for
VOCs, SVOCs, pH, TOC, and conductivity. These 12 samples were taken from MW-61A,
MW-62, F1-1, F1-2, and F1-3. Two of the samples were also analyzed for metals. Ten of
the 26 samples were only analyzed for pH, TOC, and conductivity. These samples were
taken from F1-9 to F1-17 and F1-20. The remaining four samples were analyzed for VOCs,
SVOC, pH, TOC, and conductivity. These samples were taken from F1-24 to F1-27. Table
5-6 contains a summary of the individual compound analysis results for the groundwater
samples. Table 5-7 presents a summary of detection frequencies, concentration ranges, and
locations of maximum concentrations for contaminants found in the USZ borings.

VOCs were analyzed for in 16 USZ samples; 17 compounds were detected. Eight of these
compounds were present at concentrations above MCLs or proposed MCLs. Vinyl chloride
was detected in four samples at concentrations ranging from 3 to 71 micrograms per liter
(ug/L). The MCL for vinyl chloride is 2 pg/L.. Trichloroethene was detected in six samples
at concentrations ranging from 8 to 32 pug/l.. The MCL for trichloroethene is 5 pg/L.

KN/1256/SWMUT/SWMUT7.5/04-04-94/D7 6:24pm 5-26



Table 5-6

Summary of Detected Contaminants - USZ Groundwater
(USACE, 1992)
SWMU-7, FTA1, Tinker AFB

(Page 1 of 7)
Boring Number 61A EQ BLK 61A 61A 62 62 62
SWD Sampie Number 7-290 9-1436 9-1437 0-1322 7-289 9-1439 0-1324
Date Sampled 03-19-87 09-15-89 09-15-89 05-08-90 03-17-87 09-15-89 05-08-90
Volatile Organics (ug/l)
Vinyl chloride 71 <10 <10 15 <10 <100 <50
Methylene chioride <5 <5 <5 3BJ <5 30BJ 7J
Acetone <10 <10 <10 <10 <10 <100 <50
1,2-Dichloroethene (total) NT <5 150 130 <5 <50 <25
Trans-1,2-dichloroethene 540 NT NT NT <5 NT NT
Chloroform <5 <5 <5 <5 <5 378J <25
2-Butanone <10 <10 <10 <10 <10 <100 <50
1,1,1-Trichloroethane 3J <5 <5 <5 <5 <50 <25
Trichloroethene 32 <5 20 21 17 <50 8J
1,1,2-Trichloroethane <5 <5 <5 <5 <5 <50 <25
Benzene <5 <5 <5 <5 <5 <50 <25
4-Methyl-2-pentanone <10 <10 <10 <10 <10 <100 <50
2-Hexanone <10 <10 <10 <10 <10 <100 <50
Tetrachloroethene <5 <5 <5 <5 4J <50 8J
Chlorobenzene <5 <5 <5 <5 <5 <50 <25
Ethyl benzene <5 <5 <5 <5 <5 <50 <25
Xylenes <5 <5 <5 <5 <5 <50 <25
Trichlorofluoromethane NT <10 45 <10 NT 690 <50
Metals (ug/L)
Arsenic 23 NT NT NT 23 NT NT
Barium 3200 NT NT NT 1100 NT NT
Chromium 110 NT NT NT 58 NT NT
Lead 98 NT NT NT 78 NT NT
Nickel 53 NT NT NT 73 NT NT
Zinc <10 NT NT NT 88 NT NT
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Table 5-6

(Page 2 of 7)
Boring Number 61A EQ BLK 61A 61A 62 62 62
SWD Sample Number 7-290 9-1436 9-1437 0-1322 7-289 9-1439 0-1324
Date Sampled 03-19-87 09-15-89 09-15-89 05-08-90 03-17-87 09-15-89 05-08-90
Semivolatile Organics (pg/l)
1,2,4-Trichlorobenzene <10 <10 4J 22 <10 <10 <10
Fluoranthene <10 <10 <10 <10 <10 <10 <10
Pyrene <10 <10 <10 <10 <10 <10 <10
Di-n-butyl phthalate <10 <10 <10 <10 <10 <10 <10
Bis(2-ethylhexyl)phthalate <10 <10 4J 69 <10 11 29
Di-n-octyl phthalate <10 1J 0.7J <10 <10 3J <10
Indicators
pH (S.U) 7.10 7.55 7.28 6.93 7.44 747 7.09
TOC (mg/L) 8.9 <0.10 1.85 1.68 20 1.31 0.626
Conductivity (umhos/cm) 228 5 799 808 16.7 1121 1116
EQ BLK = Equipment Blank
NT = Compound Not Tested For
B = Analyte Found in Blank
J = Estimated Concentration
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Table 5-6

(Page 3 of 7)

Boring Number F1-1 F1-1 F1-2 F1-2 F1-3 F1-3
SWD Sample Number 7-368 9-1440 7-369 9-1441 7-370 9-1442
Date Sampled 06-04-87 09-15-89 06-04-87 09-15-89 06-04-87 09-15-89
Volatile Organics (pg/L)

Vinyl chloride 3J <10 17 <10 <10 <10
Methylene chloride <5 <5 <5 16B <5 <5
Acetone <10 <10 <10 <10 <10 <10
1,2-Dichloroethene (total) NT <5 NT 8 NT NT
Trans-1,2-dichloroethene 15 NT 89 NT <5 <5
Chloroform <5 <5 <5 <5 <5 <10
2-Butanone <10 <10 18 <10 6450 <5
1,1,1-Trichloroethane <5 <5 <5 <5 <5 <5
Trichlorosethene <5 <5 17 <5 <5 <5
1,1,2-Trichlorosthane <5 <5 13 <5 <5 <5
Benzene <5 <5 7 <5 9 <10
4-Methyi-2-pentanone <10 <10 <10 <10 10J <10
2-Hexanone <10 <10 <10 <10 210 <5
Tetrachloroethene <5 <5 <5 <5 <5 <3J
Chiorobenzene <5 <5 <5 <5 21 <5
Ethyl benzene <5 <5 <5 <5 <5 <2J
Xylenes <5 <5 <5 <5 <5 <10
Trichlorofluoromethane NT <10 NT <10 NT NT
Semivolatile Organics (ug/L)

1,2,4-Trichlorobenzene <10 <10 <10 <10 <10 <10
Fluoranthene <10 <10 6J <10 <10 <10
Pyrene <10 <10 10J <10 <10 <10
Di-n-butyl phthalate <10 <10 <10 <10 <10 04J
Bis(2-ethylhexyl)phthalate <10 <10 <10 6J <10 3BJ
Di-n-octyiphthalate <10 24 <10 2J <10 4BJ
Indicators

pH (S.U) 6.40 7.10 6.60 7.38 6.60 6.76
TOC (mg/L) 156 5.87 123 5.08 124 529
Conductivity (pmhos/cm) 580 1200 780 549 770 736

J = Estimated Concentration

B = Analyte Found in Blank

NT = Compound Not Tested For
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Table 5-6

(Page 4 of 7)
Boring Number LLWBLK LLWBLK
SWD Sample Number
Date Sampled 03-21-87 06-06-87
Volatile Organics (pg/L)
Vinyl chioride <10 <10
Methylene chloride 2J <5
Acetone <10 <10
1,1-Dichloroethane <5 <5
1,2-Dichloroethene (Total) <5 NT
Trans-1,2-dichloroethene NT <5
Chioroform <5 <5
2-Butanone <10 9J
1,1,1-Trichloroethane <5 <5
Trichloroethene <5 <5
1,1,2-Trichloroethane <5 <5
Benzene 1J <5
4-Methyl-2-Pentanone <10 <10
2-Hexanone <10 <10
Tetrachloroethene <5 <5
Toluene <5 <5
Chlorobenzene <5 <5
Ethyl benzene <5 <5
Xylenes <5 <5
Trichlorofluoromethane NT NT
Semivolatile Organics (ug/L)
Phenol <10 <10
1,4-Dichlorobenzene <10 <10
4-Methylphenol <10 <10
Benzoic acid <50 <50
1,2,4-Trichlorobenzene <10 <10
Dimethyi phthalate <10 <10
Fluoranthene <10 <10
KN/1256/SWMU7/SWMU.5-6/03-23-94/D4 5-30




Table 5-6

(Page 5 of 7)
Boring Number LLWBLK LLWBLK
SWD Sample Number
Date Sampled 03-21-87 06-06-87
Semivolatile Organics (ug/L) (Continued)
Pyrene <10 <10
Di-n-butyl phthalate <10 <10
Bis-(2-ethylhexyl)phthalate 6J <10
Di-n-octyl phthalate <10 <10

LLWBLK = Laboratory Water Test
J = Estimated Concentration
NT = Compound Not Tested For
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Table 5-6

(Page 6 of 7)
Boring Number F1-9 F1-10 F1-11 F1-12 F1-13
SWD Sample Number 9-873 9-874 9-875 9-876 9-877
Date Sampled 07-20-87 07-20-87 07-20-87 07-20-87 07-20-87
Indicators
pH (S.U.) 6.47 6.70 7.18 6.95 6.68
TOC (mg/L) 49.6 52.0 61.5 31.0 60.6
Conductivity (umhos/cm) 632 800 1138 592 959
Boring Number F1-14 F1-15 F1-16 F1-17 F1-20
SWD Sample Number 9-878 9-879 9-880 9-881 9-882
Date Sampled 07-20-87 07-20-87 07-20-87 07-20-87 07-20-87
Indicators
pH (S.U.) 6.86 7.07 6.84 6.99 7.05
TOC (mg/L) 634 44.0 56.4 384 39.7
Conductivity (umhos/cm) 1115 9330 1280 732 1050
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Table 5-6

(Page 7 of 7)
Boring Number F1-24 Ft1-25 F1-25D F1-26 F1-26D F1-27
SWD Sample Number 9-1328 9-1329 9-1330 9-1331 9-1332 9-1333
Date Sampled 09-14-89 09-14-89 09-14-89 09-14-89 09-14-89 09-14-89
Volatile Organics (ug/l)
Viny! chloride <10 <10 <10 <10 <10 <10
Methylene chioride 7B 2BJ <10 3BJ <10 <5
Acetone <10 21 NT 140 NT <10
1,2-Dichloroethene (Total) <5 <5 NT 5 NT 5
Trans-1,2-dichloroethene NT NT <5 NT 71 NT
Chloroform <5 <5 <5 <5 <5 <5
2-Butanone <10 <10 NT <10 NT <10
1,1,1-Trichloroethane <5 <5 <5 <5 <5 <5
Trichloroethene <5 <5 <5 <5 <5 <5
1,1,2-Trichloroethane <5 <5 <5 <5 <5 <5
Benzene <5 <5 <5 <5 <5 <5
4-Methyl-2-pentanone <10 <10 NT <10 NT <10
2-Hexanone <10 <10 NT <10 NT <10
Tetrachloroethene <5 <5 <5 <5 <5 <5
Chlorobenzene <5 <5 NT <5 NT <5
Ethyl benzene <5 <5 <5 <5 <5 <5
Xylenes <5 <5 NT <5 NT <5
Trichlorofluoromethane 10 <10 <10 <10 <10 <10
Semovolatile Organics (pg/L)
1,2,4-Trichlorobenzene <10 <10 <10 <10 <10 <10
Fluoranthene <10 <10 <10 <10 <10 <10
Pyrene <10 <10 <10 <10 <10 <10
Di-n-butyl phthalate <10 <10 <10 <10 <10 <10
Bis(2-ethylhexyl)phthalate <10 <10 <10 <10 24 <10
Di-n-octyl phthalate <10 <10 NT <10 NT <10
Indicators
pH (S.U.) 7.07 7.02 7.02 7.36 7.36 717
TOC (mg/L) 4.22 129 14 9.94 11 1.82
Conductivity (umhos/cm) 1596 1000 1000 420 420 608

B = Analyte Found in Blank

J = Estimated Concentration
NT = Compound Not Tested For
D = Duplicate Sample (Quality Assurance/Quality Control)
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Table 5-7

Detection Frequencies - USZ Groundwater
(USACE, 1992)
SWMU-7, FTA1, Tinker AFB

(Page 1 of 2)

Location of
Detected Concentration Maximum
Compound Frequency Range Concentration
Volatile Organics (ug/L)
Vinyl chioride 4/16 3 71 MW-61A
Methylene chioride 7/16 2 30 MW-62
Acetone 2/16 21 140 F1-26
1,2-Dichloroethene (total) 4/10 5 150 MW-61A
Trans-1,2-dichloroethene 3/6 5 540 MW-61A
Chloroform 116 - 37 MW-62
2-Butanone 2/16 18 6450 F1-3
1,1,1-Trichloroethane 1/16 - 3 MW-61A
Trichloroethene 6/16 8 32 MW-61A
1,1,2-Trichloroethane 1/16 - 13 F1-2
Benzene 2/16 7 9 F1-3
4-Methyl-2-pentanone 1/16 - 10 F1-3
2-Hexanone 1/16 - 210 F1-3
Tetrachloroethene 3/16 3 8 MW-62
Chlorobenzene 1/16 - 21 F1-3
Ethyl benzene 1/16 - 2 F1-3
Trichlorofluoromethane 3/10 10 690 MW-62
Metals (ug/L)
Arsenic 2/2 2.3 23 MW-61A
Barium 2/2 1100 3200 MW-61A
Chromium 2/2 58 110 MW-61A
Lead 2/2 78 98 MW-61A
Nickel 2/2 53 73 MW-62
Zinc 1/2 - 88 MW-62
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Table 5-7

(Page 2 of 2)

Location of
Detected Concentration Maximum
Compound Frequency Range Concentration

Semivolatile Organics (ug/L)
1,2,4-Trichlorobenzene 2/16 4 22 MW-61A
Fluoranthenebenzene 1/16 - 6 F1-2
Pyrene 1/16 - 10 F1-2
Di-n-butyl phthalate 1/16 - 0.4 F1-3
Bis(2-ethylhexyl)phthalate 6/16 3 69 MW-61A
Di-n-octyl phthalate 5/16 0.7 4 F1-3
Indicators
pH (S.U.) 26/26 6.40 7.47 MW-62
TOC (mg/kg) 26/26 1.31 63.4 F1-9
Conductivity (1tmhos/cm) 26/26 16.7 9330 F1-15
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Benzene was detected in two samples at concentrations of 7 to 9 pg/L.. The MCL for
benzene is 5 pg/L.

Methylene chloride was detected in seven samples at concentrations ranging from 2 to 30
ug/L; four of the concentrations were above the proposed MCL of 5 ng/L.. Methylene
chloride was also detected in the blanks and is a common laboratory contaminant. Tetra-
chloroethene was detected in three samples at concentrations ranging from 3 to 8 pug/L.. Only
one concentration was above the proposed MCL of 5 pg/L; 1,1,2-trichloroethane was detected
in one sample at a concentration of 13 pg/L. There is currently no MCL or proposed MCL
for this compound.

Six of the USZ samples were tested for trans-1,2-DCE, and the remaining ten samples were
tested for 1,2-DCE (total). Total DCE is the sum of the cis and trans isomers. The proposed
MCL for the trans isomer is 100 pg/L, and the proposed MCL for the cis isomer is 70 pg/L.
There is no current or proposed MCL for the compound totals, so the values for the totals are
compared to the more restrictive 70 pg/L proposed MCL for the cis isomer. The compound
totals were found in four samples at concentrations ranging from 5 to 150 pg/L.. Two of the
samples were above the secondary MCL of 70 pg/L. The trans isomer was detected in three
samples at concentrations ranging from 5 to 540 pg/L. Only one of the samples was above
the secondary MCL of 100 pg/L.

Chloroform, 1,1,1-trichloroethane, chlorobenzene, and ethyl benzene were each detected in
one sample at concentrations of 37, 3, 21, and 2 pg/L, respectively. All of these concentra-
tions are below the MCLs or proposed MCLs of 100, 200, 100, and 700 pg/L, respectively.

Acetone and 2-butanone were detected in two samples each; acetone was found at concentra-
tions of 21 and 140 pg/L, and 2-butanone at concentrations of 18 and 6,450 pg/L. 4-Methyl-
2-pentanone and 2-hexanone were each detected in one sample at concentrations of 10 and
210 pg/L, respectively. Trichlorofluoromethane was tested for in ten samples and detected in
three samples at concentrations ranging from 10 to 690 nug/L. There are no current or
proposed MCLs for these five compounds.

SVOCs were analyzed for in 16 USZ samples. Six compounds were detected. There are no
current or proposed MCLs for these six compounds. Fluoranthene, pyrene, and di-n-butyl
phthalate were each detected in only 1 of the 16 samples at concentrations of 6, 10, and 0.4
ug/L, respectively. In two samples, 1,2,4-trichlorobenzene was detected at concentrations of
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4 pg/L and 22 ug/l.. Di-n-octyl phthalate was detected in five samples at concentrations
ranging from 0.7 to 4 pg/L.. The most frequently detected SVOC was bis(2-ethylhexyl)
phthalate, which was found in six samples at concentrations ranging from 3 to 69 pg/L.
Phthalates are common plasticizers and are often introduced into samples as laboratory
contaminants. However, due to the high concentrations of bis(2-ethylhexyl)phthalate present
in the soil, it is probable that the soil is the source of this contaminant in the groundwater.

Only two of the USZ water samples were analyzed for metals: the March 1987 samples from
MW-61A and MW-62. Concentrations of barium, chromium, and lead were above the MCLs
in both samples. Barium concentrations of 1,100 and 3,200 pg/L. were above the MCL of
1,000 pug/L. The background average for barium in the perched aquifer is 1,110 pg/L.
Chromium concentrations of 58 pg/L and 110 pg/L were above the MCL of 50 pg/L. Lead
concentrations of 78 and 98 nug/l. were above the MCL of 50 pg/L. The highest concentra-
tions of all three of these metals were found in MW-61A, downgradient of FTAl. Arsenic
was detected in both samples at 2.3 pug/L, well below the MCL of 50 pg/L. Nickel was
detected in both samples at concentrations of 53 and 73 pg/L, below the secondary MCL of
100 pg/L. Zinc was only detected in MW-62 at a concentration of 88 pg/L, well below the
secondary MCL of 5,000 pg/L.. The maximum concentration of nickel and zinc were detected
in MW-62, upgradient of FTAl.

All 26 USZ groundwater samples were analyzed for pH, TOC, and conductivity. The pH
values ranged from 6.40 to 7.47. Two of the values (F1-1 at 6.40 and F1-9 at 6.47) were
outside the secondary MCL range of 6.50 to 8.50. The background average for pH in the
USZ is 7.10. The TOC concentrations ranged from 1.31 milligrams per liter (mg/L) to 63.4
mg/L.. Twenty-one of these concentrations were above the background average of 3.9 mg/L.
The conductivity readings ranged from 16.7 micromhos per centimeter (umhos/cm) to 9,330
umhos/cm. Eighteen of these values were above the background average of 684 umhos/cm.

VOCs, SVOCs, and metal contamination in the USZ exist both upgradient and downgradient
of the FTAl. Several of the significant VOCs detected in the USZ (vinyl chloride, benzene,
and tetrachloroethene) were not detected in any of the soil borings drilled in the vicinity of
FTA1. Therefore, it is unlikely that FTA1 is the source of all the contamination that exists in
the USZ in this area. MW-62 is downgradient of the SP site, so it is possible that the SP is
the source of the contamination in this well. Additional investigations are needed in the
vicinity of FTA1 and the SP to determine if the SP is contributing to the contamination
beneath FTA1.
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USZ groundwater samples were taken from two monitoring wells MW-61A and MW-62) and
three PVC pipes (F1-1, F-2, and F1-3) in the 1987 and 1989. Analysis of the results indicate
that several of the VOCs detected in 1987 sampling round were either not detected or were
detected at significantly lower concentrations in the 1989 sampling round. In MW-61A, vinyl
chloride was detected at 71 pug/L in 1987 and not detected in 1989. Trichloroethene dropped
from 32 pg/L in 1987 to 20 pg/L in 1989. In MW-62, trichloroethene was found at 17 pg/L
in 1987 and was not detected in 1989. In boring F1-2, vinyl chloride, 2-butanone, trichloro-
ethene, and 1,1,2-trichloroethane were found at concentrations of 17, 18, 17, and 13 pg/L,
respectively, in 1987, and were not detected in 1989. In boring F1-3, 2-butanone, 2-
hexanone, and chlorobenzene were found at 6,450, 210, and 21 pg/L in 1987, and were not
detected in 1989. This reduction in contaminant levels probably occurred because the PVC
piezometers and monitoring wells introduced an oxygen source into the saturated zone and
facilitated volatilization of the organics in the vicinity of the borings. It is not likely that this
volatilization occurred throughout the entire contaminated section of the saturated zone.
Additional investigations would be required to determine if the organics were volatilized in
the sections of the aquifer between the existing borings. The additional investigations could
consist of drilling borings between existing borings and sampling for VOCs.

5.3.2 Upper Saturated Zone, 1992-1993
Groundwater samples were collected from wells MW-61A and MW-62 in November 1992

and again from MWG61-A in July 1993. The 1992 samples from MW-61A and MW-62 were
analyzed for VOCs, SVOCs, metals, TDS, and TOC. The 1993 sample from MW-61A was
analyzed for VOCs and SVOCs only. Table 5-8 presents a summary of the analytical results.

MW-61A represents a downgradient well in the USZ for FTA1. Trichloroethene was the only
compound that exceeded the MCL (5 pg/L); the compound was detected at 10 pg/L in the
1992 event. All compounds detected during the 1993 event were below available MCLs,
including trichloroethene, which was detected at 3 pg/L.

MW-62 represents an upgradient well in the USZ for FTAl. The November 1992 results
revealed three VOCs that exceeded available MCLs. These VOCs were benzene, detected at
12 pg/L (MCL = 5 pg/L); tetrachloroethene, detected at 14 pg/I (MCL = 5 pg/L); and
trichloroethene, detected at 78 pg/L (MCL = 5 ug/L).
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Table 5-8

Summary of Detected Contaminants - USZ
SWMU-7, FTA1, Tinker AFB

(Page 1 of 2)

Well ID MW-61A MW-61A MW-62
Date Sampled 11-23-92 7-18-93 11-23-92
Compound

1,2-Dichlorobenzene (ug/L) 0.6 NT 3
Barium (pg/L) 492 NT 730
Benzene (ug/L) 4B 4 12 B
Chlorobenzene (ug/L) 1 NT 3
Dimethylphthalate (ug/L) 7J NT NT
Ethyl benzene (ug/L) 1 2 2
Isopropylbenzene (png/L) 5 1 0.5
Methylene chloride {ug/L) 5B NT 3B
Tetrachloroethene (ug/L) 3 NT 14
Toluene (ug/L) 0.6 20 2
Total dissolved solids (mg/L) 356 NT 534
Trichloroethene (ug/L) 10 3 78
Cis-1,2-dichloroethene (ug/L) 4 17 2
1,1-Dichloroethene (pg/L) 0.5 NT NT
Naphthalene (ug/L) 2B NT 2B
1,2,3-Trichlorobenzene (pg/L) NT 3 NT
1,2,4-Trichlorobenzene (ug/L) NT 15 NT
1,2,4-Trimethylbenzene (ug/L) NT 2 NT
1,3,5-Trimethylbenzene (ng/L) NT 0.6 NT
Vinyl chloride (ng/L) NT 0.9 NT
Xylenes (total) (ng/L) NT 1.7 3.2
n-Propylbenzene {ug/L) NT 2 NT
p-Isopropyltoluene (ug/L) NT 1.0 0.7
Sec-butylbenzene (ug/L) NT 0.5 NT
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Table 5-8

(Page 2 of 2)

Well ID MW-61A MW-61A MW-62

Date Sampled 11-23-92 7-18-93 11-23-92

Compound (continued)

1,1,1-Trichloroethane (ug/L) NT NT NT
TOC (mg/L) NT NT 1.3
1,3-Dichlorobenzene (ug/L) NT NT NT
1,4-Dichlorobenzene (ug/L) NT NT NT

NT = Compound not tested for.
B = Analyte found in blank.
J = Estimated value.
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5.4 Groundwater Characterization in the Lower Saturated Zone

5.4.1 Lower Saturated Zone, 1988-1990

At the time of the RI, MW-61B was the only monitoring well set in the LSZ close to FTAI.
The well, located south and downgradient of the site, was installed as part of the RIs for
Landfills 1 through 4. Available data for the LSZ are presented in this section. Table 5-9
presents a summary of the contaminants detected in MW-61B from three sampling rounds
(September 1988, September 1989, and May 1990).

Four VOCs (methylene chloride, acetone, 1,2-dichloroethene [total], and trichloroethene) were
detected in this well. Methylene chloride was detected in all three sampling rounds at
concentrations of 22, 15, and 2 pg/L, respectively. The proposed MCL for methylene
chloride is 5 pg/l.. This compound was detected in the blanks from the 1989 and 1990
samples and is likely a laboratory contaminant. Acetone and 1,2-dichloroethene (total) were
detected in the 1989 sample at concentrations of 50 and 9 pg/L, respectively. There is
currently no MCL for acetone. As discussed in Section 5.3, concentrations for 1,2-dichloro-
ethene (total) are being compared to the proposed MCL of 70 pg/L for cis-1,2-dichloroethene.
The concentration present here is well below this proposed MCL. These compounds were not
detected in the 1988 and 1990 samples. Trichloroethene was detected in the 1988 sample at a
concentration of 14 pg/l., above the MCL of 5 pg/L, but was not detected in the 1989 or
1990 sample. The decrease in concentration may be attributable to the monitoring well
installation introducing an oxygen source into the saturated zone and facilitating volatilization
of organic compounds in the vicinity of the monitoring well.

Two SVOCs, bis(2-ethylhexyl)phthalate and di-n-octyl phthalate, were detected in MW-61B.
Bis(2-ethylhexyl)phthalate was detected in all three samples at concentrations of 30, 6, and 37
ng/L. Di-n-octyl phthalate was detected in the 1989 sample at a concentration of 2 pg/L. It
was not detected in either the 1988 or 1990 sample. Phthalates are common plasticizers and
often show up as laboratory contaminants. At the low levels detected in these samples, the
phthalates are likely laboratory contaminants.

Only the September 1988 sample from the MW-61B was analyzed for metals. Three metals
(arsenic, barium, and chromium) were detected at concentrations above the background levels,
but well below the MCLs. The concentrations found were 2.6 pg/L for arsenic, 730 pg/L for
barium, and 13 pg/L for chromium. The background values for these metals are 2, 663, and
10 pg/L, respectively. The MCLs for these metals are 50, 1,000, and 50 pg/L, respectively.
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Table 5-9

Summary of Detected Contaminants - LSZ, 1988-1990
(USACE, 1992)
SWMU-7, FTA1, Tinker AFB

Boring Number 61B 61B 61B
SWD Sample Number 8-1496 39-1438 0-1323
Date Sampled 9-29-88 9-15-89 5-08-90

Volatile Organics (ug/L)

Methylene chioride 22 15B 2BJ
Acetone <10 50 <10
1,2-Dichloroethene (Total) <5 9 <5
Trichloroethene 14 <5 <5

Semivolatile Organics (ug/L)

Bis(2-ethylhexyl)phthalate 30 6J 37
Di-n-octyl phthalate <10 2J <10
Metals (pg/L)

Arsenic 2.6 NT NT
Barium 730 NT NT
Chromium 13 NT NT
indicators

pH (S.U) 7.30 10.85 8.27
TOC (mg/L) 0.74 0.699 <.50
Conductivity (umhos/cm) 689 460 531

B = Analyte found in blank.
J = Estimated value.
NT = Compound not tested for.
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The pH values found in the samples were 7.30, 10.85, and 8.27, respectively. The 1989 value
is above the secondary MCL of 8.5. The TOC concentrations of 0.74, 0.699, and less than
0.50 mg/L, all below the background average of 5.3 mg/L. The conductivity readings were
689, 460, and 531 pmhos/cm, all below the background average of 718 pwmhos/cm.

5.4.2 Lower Saturated Zone, 1992
Groundwater from MW-61B was sampled in November 1992. The samples were analyzed
for VOCs, SVOCs, TDS, and TOC. Table 5-10 presents a summary of the analytical results.

MW-61B represents a downgradient well in the LSZ for FTAl. Benzene (55 ug/L), trichloro-

ethene (24 pg/L), and vinyl chloride (11 pg/L) were the only compounds that exceeded their
espective MCLs of 5, 5, and 2 pg/L, respectively.
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Table 5-10

Summary of Detected Contaminants - LSZ, 1992
SWMU-7, FTA1, Tinker AFB

(Page 1 of 2)

Well ID MW-61B
Date Sampled 11-23-92
Compound

1,2-Dichlorobenzene (ug/L) NT
Barium (ug/L) 1390
Benzene (ug/l) 55
Chlorobenzene (ug/L) 1
Dimethyl phthalate (ug/L) 22
Ethyl benzene (ug/l) 3
Isopropylbenzene (ug/L.) 0.8
Methylene chloride (ug/L) 5B
Tetrachioroethene (ug/L) 4
Toluene (ug/l) 1
Total dissolved solids (mg/L) 788
Trichloroethene (ug/L) 24
Cis-1,2-dichloroethene (ng/L) 120
1,1-Dichloroethene (ng/L) 3
Naphthalene (ug/L) 2B
1,2,3-Trichlorobenzene (ug/L) 2
1,2,4-Trichlorobenzene (ug/L) 9
1,2,4-Trimethylbenzene (ug/L) NT
1,3,5-Trimethylbenzene (ug/L) NT
Vinyl chioride (ug/L) 1
Xylenes (total) (ng/L) 1.2
n-Propylbenzene (ug/L) NT
p-isopropyltoluene (ug/L) NT
Compound (continued)

Sec-butylbenzene (ug/L) NT
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Table 5-10

(Page 2 of 2)

Well ID MW-61B
Date Sampled 11-23-92
1,1,1-Trichloroethane {(ug/L) 0.6
TOC (mg/L) 32
1,3-Dichiorobenzene (ug/L) 1.0
1,4-Dichiorobenzene (ug/L) 2

NT = Compound not tested for.
B = Analyte found in blank.
J = Estimated value.
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6.0 Baseline Risk Assessment/Potential Receptors

A human health risk assessment and ecological assessment has been performed for FTA1
(USACE, 1993b). These assessments, which include evaluation of human and ecological
receptors, are summarized in Sections 6.1 and 6.2, respectively.

6.1 Human Health Risk Assessment

Necessary elements of an exposure pathway are sources of contamination, transport media,
routes of exposure, and human receptors at exposure points. Incomplete pathways indicate
that exposure will not occur and no adverse impacts on local human health are anticipated.

The single release source at the site is soil contaminated with heavy metals and organic
compounds. Contaminants in surface soil may move through volatilization (in the case of
organic compounds) or be transported through association with particulate matter (in the case
of inorganic compounds). These pathways were deemed incomplete because there are no
receptors. The site is covered with vegetation to limit these pathways. In addition, no Base
activities occur in this area, and the nearest Base housing structures are approximately 2,000
feet away and not in the path of prevailing winds. Daily traffic on a service road adjacent to
the site would not be affected by these pathways.

Contaminated subsurface soil acts as a source of contamination for the USZ. Both organic
and inorganic contaminants in the USZ would be expected to move towards the south and
west at a relatively slow rate. In addition, a vertical component of USZ flow would allow
contamination to migrate towards usable groundwater in the Garber-Wellington strata. The
rate of contaminant movement in both the horizontal and vertical direction is not known and
would be expected to vary radically by individual contaminant. However, geophysical
evaluations at the site found no evidence of significant lateral or downward migration of the
USZ (USACE, 1992). These same investigations revealed a clayey soil of low permeability
which would be expected to limit movement of heavy metal contaminants by absorption.

It is virtually impossible for contaminants from the site to influence usable regional ground-
water because of the great vertical and horizontal distance to the regional aquifer use points
and impediments to contaminant movement in the area. Therefore, the potential exposure
route involving ingestion of contaminated regional groundwater was deemed incomplete under

current or future land use.
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Contaminant transport via the USZ has the potential to result in a complete exposure pathway
for individuals who swim or wade in Crutcho Creek. While contaminant transport to the
creek has not been verified, observed contaminant levels in MW-61A (a monitoring well in
the USZ located about 30 feet north of Crutcho Creek), and the verified hydraulic connection
between the USZ and the creek indicate completion of this exposure pathway could occur
over a 70-year exposure period. It was assumed water quality in the creek at the exposure
point would be the same as groundwater quality.

Exposure routes associated with contaminated creek water might include inhalation of volatile
organics, dermal exposure to contaminants in creek water or sediments, and incidental
ingestion of water while wading or swimming. Inhalation of organic vapors from the creek
was judged to be insignificant because of low chemical concentrations and the small surface

area of the creek.

The potentially exposed population for the baseline risk assessment is limited to residents,
including those living in Base facilities, who might come in contact with water in the upper
reaches of Crutcho Creek. Activity patterns for the potentially exposed population, especially
children, assumed the creek would be used for swimming and wading. It was also assumed
that maximum contact with the water would be by a child for 2 hours 60 times a year and
that ingestion of water would be incidental. This is a worse-case situation that might be
applicable during the summer when the heat is extreme. Ingestion of fish was not considered
a source of exposure because upper reaches of the creek provide only limited fish habitat and
the fish are mostly minnows and small sunfish not large enough for consumption.

Three inorganic chemicals and six organic compounds that were chemicals of concemn are
capable of causing carcinogenic effects. Five inorganic chemicals and 11 organic compounds
are capable of causing noncarcinogenic chronic and subchronic effects. Using various
screening methods, all of the chemicals except vinyl chloride were eliminated from further
assessment as a carcinogenic agent. Chemicals that could cause chronic and subchronic
effects were screened down to three (1,2,3-DCE, 2-butanone, and 1,1,2-trichloroethane).

Total carcinogenic risk to the population with the greatest exposure potential (children
swimming or wading in the creek) is 6 x 10®. This is well within the range of acceptable
risks (1 x 10® to 1 x 10 as defined by EPA under the NCP.
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The hazard from noncarcinogenic effects is also slight as shown by a hazard index of 0.06.
Noncarcinogenic effects are generally deemed minimal if the hazard index is below 1.0.
Other populations, either on-Base or off-Base, have a much lower risk because pathways are

incomplete.

6.2 Ecological Risks/Receptors

Ecological risks were evaluated for vegetation, earthworms, small mammals, and predatory
birds directly and indirectly exposed to contaminants in surface soil. Also, a future scenario
involving the intersection of contaminated groundwater with Crutcho Creek was evaluated for
potential effects on aquatic life. Bis(2-ethylhexyl)phthalate represents a potential risk to site
vegetation, and zinc represents a small potential risk to earthworms. The largest potential risk
arises from the effects of lead, and to a smaller degree, the effects of cadmium, on small
mammals. No increased risk was estimated for predatory birds. No increased risk to aquatic
life was estimated from exposure to organic compounds. Chromium and lead represent a
potential risk to aquatic organisms only if these contaminants reach the creek at the concen-
trations currently observed in the groundwater, which reflects a worst-case scenario.
Limitations in the metals data, however, preclude drawing definite conclusions.
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7.0 Action Levels

An "action level" is defined by EPA in proposed rule 40 CFR 264.521 (55 FR 30798;
7/27/90), "Corrective Action for Solid Waste Management Units (SWMU) at Hazardous
Waste Management Facilities,” as a health- and environment-based level, determined by EPA
to be an indicator for protection of human health and the environment. In the preamble to
this proposed rule, the focus of the RFI phase is defined as "characterizing the actual environ-

”

mental problems at the facilities." As part of this characterization, a comparison of the
contaminant concentrations to certain action levels should be made to determine if a signifi-
cant release of hazardous constituents has occurred. This comparison is then used to
determine if further action or corrective measures are required for a SWMU or an AOC. The
preamble to the proposed rule states that the concept of action levels was introduced because
of the need for "a trigger that will indicate the need for a Corrective Measures Study (CMS)
and below which a CMS would not ordinarily be required” (55 FR 30798; 7/27/90). If
constituent concentrations exceed certain action levels at a SWMU or an AOC, further action
or a CMS may be warranted; if constituent concentrations are below action levels, a finding
of no further action may be warranted. This chapter of the report presents the initial

analytical data as compared to certain potential action levels.

Action levels are concentrations of contaminants at or below which exposure to humans or
the environment should not produce acute or chronic effects.

The action level information is presented in this chapter so that a constituent concentration at
a sample location can be compared with its potential action level. Only constituents identi-
fied in the analysis are listed in the SWMU-7, FTA1 table. Table 7-1 shows the action levels
for soil, water, and air as published in federal or state regulations, policies, guidance docu-
ments, or proposed rules.

The action levels listed in Table 7-1 are:

« SWMU Corrective Action Levels (CAL) - The first set of action levels
provided in the table are those taken from the proposed rule (40 CFR 264.521)
and provided as Appendix A to the rule as "Examples of Concentrations Meeting
Criteria for Action Levels." These levels are health-risk based and are provided
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as specific examples of levels below which corrective action would not be
required.

- Maximum Contaminant Levels (MCL) - These values are provided from 40
CFR Subpart G, Sections 141.60 through 0.63 as promulgated under the Safe
Drinking Water Act. These levels are designated for water media only.

« USGS Background - These values are provided from the USGS report titled
"Elemental Composition of Surficial Materials from Central Oklahoma" (USGS,
1991). These values represent the levels of metals which naturally occur in
Central Oklahoma soils.

« Background - These levels are provided where background could be deter-
mined. Where available, background concentrations are listed for metals in soil
samples taken on site, which were thought to be unaffected by releases from a

unit.

« National Ambient Air Quality Standards (NAAQS) - These standards are
published in 40 CFR Part 50 under the Clean Air Act and apply to point sources
that emit a limited number of constituents to the air. The constituents regulated
are nitrogen dioxide, sulphur dioxide, carbon monoxide, lead, ozone, and
particulate matter. Currently, it is assumed that none of the SWMUs or AOCs
emit these compounds in regulated quantities and no air samples have been taken
which would allow for a valid comparison.

« Water Quality Standards (WQS) - The WQS are the standards for surface
water quality as established by the State of Oklahoma. These standards apply to
point source discharges to surface waters and have been listed for those units
adjacent to surface water.

Table 7-1 also gives a brief comparative evaluation of the data collected and the related
action levels. The data for each detected compound are compared with the appropriate action
level in order to identify those constituents (compounds) with concentrations exceeding the
action levels. This identification of the compounds above the action levels provides an
indication of a potential environmental problem at a specific site. In addition, this informa-
tion indicates whether there is a need for conducting a CMS so that a corrective action can be
implemented/undertaken at the site.

For constituents that have é SWMU CAL and an MCL for water, the MCL will be used for

the comparison. Also, constituents that do not have a USGS background value will be
compared to the site background value if available.
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The data included in Table 7-1 are representative of the data presented in Chapter 5.0. For
each soil boring, a range was identified and used in the comparison to the action levels. For
the groundwater samples, the results for the most recent sampling event were included in
Table 7-1.

Evaluation of the soil data for FTAl shows lead and zinc to be above the USGS background
concentrations. Several organics were detected above MCLs in the groundwater. These
constituents are benzene, trichloroethene, vinyl chloride, methylene chloride, and cis-1,2-
dichloroethene. Bis(2-ethylhexyl)phthalate, a semivolatile, was also detected above the MCL.
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8.0 Summary and Conclusions

Past practices at FTA1 have resulted in contamination in the upper 15 feet of the soil and
groundwater in the USZ, and possibly in the LSZ. Remedial investigations have been
conducted as a part of the U.S. Air Force IRP to define the nature and extent of contamina-

tion.

FTA1 was used from 1950 to 1962 as a fire control training area. Fire fighting exercises
consisted of either dousing an old aircraft carcass with flammable liquids, setting the carcass
on fire, and then extinguishing the fire; or filling the area with flammable liquids, igniting the
liquids, and then identifying the flammable liquids that were used.

FTAL1 is located on the west side of Tinker AFB and is bounded by Crutcho Creek to the
south, Patrol Road to the east, an old municipal sewage treatment plant site to the north, and
Air Depot Boulevard to the west. The active fire training/buming area was circular-shaped

with a diameter of approximately 125 feet.

8.1 Remedial Investigations, 1985-1990

In November 1985, the USACE initiated Rls at the site to define the extent of any possible
contamination. The initial investigation was conducted in February 1987 and consisted of
drilling three soil borings and installing two monitoring wells. In June and July 1987, five
additional soil borings were drilled. Follow-up investigations were conducted in June and
August 1989. In June 1989, 3 off-site soil borings and 12 on-site soil borings were drilled,
while in August 4 soil borings were drilled.

In all, 27 soil borings were drilled and three monitoring wells installed. The soil borings
were drilled at 24 on-site locations and 3 off-site locations. The off-site borings were drilled
to establish background levels for contaminants detected in the soil. In addition, PVC well
screens were placed in the soil borings to monitor groundwater levels and to allow collection
of groundwater samples. Two monitoring wells were installed in the USZ, one upgradient
and one downgradient of FTAl. The third monitoring well was installed in the LSZ as part
of the Landfills 1 through 4 RIs. Soil and groundwater sampling was conducted throughout
the investigation period.

Soil samples were analyzed for VOCs, SVOCs, metals, pH, TOC, and conductivity. All
samples were not analyzed for all the parameters. Two VOCs (methylene chloride and
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acetone) were detected at significant levels. Bis(2-ethylhexyl)phthalate was the only signifi-
cant SVOC detected. Two metals (lead and zinc) were detected above maximum background
levels. TOC was found at above the background average in more than half the samples.

USZ groundwater samples were analyzed for VOCs, SVOCs, metals, pH, TOC, and conduc-
tivity. All samples were not analyzed for all parameters. Three VOCs (vinyl chloride,
trichloroethene, and benzene) were found at concentrations above primary drinking water
standard MCLs. Three VOCs (methylene chloride, tetrachloroethene, and trans-1,2-dichloroe-
thene) were found at concentrations above proposed MCLs. Vinyl chloride, benzene, and
tetrachloroethene, which were found in the groundwater, were not detected in any of the soil
samples taken from FTA1. Bis(2-ethylhexyl)phthalate was the only SVOC found at signifi-
cant concentrations. All the detected compounds were found in the upgradient and downgrad-
ient monitoring wells and in the borings. Three metals (barium, chromium, and lead) were
found above MCLs and background averages both upgradient and downgradient of FTAI.
TOC and conductivity were also found above background averages at the site.

At the time of the RI, the LSZ was not fully investigated in the vicinity of FTAl. Ground-
water samples from the LSZ were only taken from MW-61B near FTA1. Trichloroethene
was found above the MCL, and methylene chloride was found above the proposed MCL.
Bis(2-ethylhexyl)phthalate was found in the samples. No metals were found above the MCLs
or background averages for the LSZ. One sample had a pH value of 10.85, which is above
the secondary MCL of 8.5.

8.2 Groundwater Characterization, 1992-1993

Groundwater samples were collected from the USZ from wells MW-61A (downgradient) and
MW-62 (upgradient) in 1992 and 1993. All compounds detected in the downgradient well
during the 1993 event were below MCLs. In the upgradient well, three VOCs exceeded
MCLs during the 1992 event.

In the LSZ, well MW-61B (downgradient) was sampled in 1992. Three VOCs were detected
above MCLs.

8.3 Baseline Risk Assessment/Potential Receptors
A baseline risk assessment was performed to estimate the potential impact of the site on
public health and the environment. All of the chemicals except vinyl chloride were eliminat-
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ed from further assessment as a carcinogenic agent. Three chemicals were determined to
potentially cause chronic effects (1,2-DCE, 2-butanone, and 1,1,2-trichloroethane).

Total carcinogenic risk to the population with the greatest potential (children swimming or
wading in the creek) is 6 x 10°%, which is well within the range of acceptable risks as defined
by the EPA under the NCP. The hazard from noncarcinogenic effects is also slight as shown
by a hazard index of 0.06. Noncarcinogenic effects are generally deemed minimal if the
hazard index is below 1.0.

Ecological risks were assessed for vegetation, earthworms, small mammals, and predatory
birds from surface soil exposures. Bis(2-ethylhexyl)phthalate presented a potential risk to
vegetation and zinc showed a small potential for effects on earthworms. The largest potential
effect seen at the site was from small mammals exposed to lead. No increased risk was
estimated for predatory birds or aquatic life.
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9.0 Recommendations

The groundwater in the vicinity of the FTA1 should be further investigated during a Phase II
RFI as a part of the basewide groundwater investigation. Additional monitoring wells should
be added to the USZ and LSZ during this investigation to delineate the horizontal distribution
of groundwater contaminants across this portion of the Base. Based on the location of this
site, it will be more appropriate to investigate it as part of a group comprising several waste
units in close proximity: RWDS 1030W, RWDS 1022E, RWDS 62598, Landfills 1 through
4, and the SP. Details of specific sampling needs will be presented in the work plan/sampling
plan for the Phase II RFI.

Site soil samples should be collected and analyzed to further define extent of contamination.
Additional soil samples will be taken if needed.

Site-specific soil background samples were not collected, nor were the soil background values
available for inclusion in this Phase I RFI report. Therefore, it is recommended that site-
specific soil samples from uncontaminated areas be collected for analysis during the Phase II
RFI field work. This additional information along with the USGS background values should
be used in the Phase II report to distinguish site-related from background concentrations in a
statistically significant manner. During the development of the Phase II RFI work plan, the
number of background samples to be collected, the location of the soil borings, and the soil
analysis to be preformed on the samples should be determined for EPA approval before
beginning the field work.
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Executive Summary

This report provides a summary of the various investigations that have been conducted at
solid waste management unit (SWMU)-11, the Supernatant Pond (SP), Tinker Air Force Base
(AFB), Oklahoma. The report has been prepared to determine and document whether
sufficient investigations at the SP have been performed to meet regulatory requirements.
Tinker AFB is located in central Oklahoma, in the southeast portion of the Oklahoma City
metropolitan area, in Oklahoma County. The Base is bounded by Sooner Road to the west,
Douglas Boulevard to the east, Interstate 40 to the north, and Southeast 74th Street to the
south. The Base encompasses approximately 5,000 acres.

Background. Tinker AFB began operations in 1942 and serves as a worldwide repair depot
for a variety of aircraft, weapons, and engines. These activities require the use of hazardous
materials and result in the generation of hazardous wastes. These wastes have included spent
organic solvents, waste oils, waste paint strippers and sludges, electroplating wastewaters and
sludges, alkaline cleaners, acids, FreonTM, jet fuels, and radium paints.

In 1984, Congress amended the Resource Conservation and Recovery Act (RCRA) with the
Hazardous and Solid Waste Amendments (HSWA), which allow EPA to require, as a permit
condition, a facility to undertake corrective action for any release of hazardous waste or
constituents from any SWMU at a treatment, storage, and disposal (TSD) facility. On
January 12, 1989, Tinker AFB submitted its Part B permit application for renewal of its
operating RCRA hazardous waste storage facility permit. The final RCRA HSWA permit
issued on July 1, 1991, requires Tinker AFB to investigate all SWMUs and areas of concern
(AOC) and to perform corrective action at those identified as posing a threat to human health
of the environment. The permit specifies that a RCRA Facility Investigation (RFI) be
conducted for 43 identified SWMUSs and two AOCs on the Base. This document has been
prepared to determine whether sufficient investigations have been conducted to meet the
permit requirements for the SP.

Source Description. The SP was used as an impoundment for sewage effluent between
1954 and about 1970. As-built drawings show the SP was connected by a 10-inch diameter
sanitary sewer pipe to the sludge drying beds at a sewage treatment plant located approxi-
mately 800 feet northwest of the site. Use of the sewage treatment plant was discontinued in
1970. Base personnel continued to use the SP as a disposal site for liquid wastes generated
from base operations until 1980. Reportedly, these wastes included petroleum hydrocarbon
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sludge, solvents, and cyanide-contaminated liquids. Between 1980 and 1984, the SP was used
for disposal of construction rubble and dirt (USACE, 1994).

Site Investigations. The Tinker AFB IRP initiated investigations to determine the nature
and extent of contamination at various sites on the base in the early 1980s. A Phase I records
search was conducted by Engineering Science in 1981, followed by a Phase II confirma-
tion/quantification conducted by Radian Corporation in 1983. However, the SP site had not
been identified as a potential remediation site at the time of those Phase I and Phase II IRP
investigations. The site was identified in 1986 during the course of interviews conducted with
former and present base employees by the USACE as part of investigations of other known
potential remediation sites. Site investigations were conducted at the SP at two different
times: during the RI and during actual remediation of the site.

The results of soil sampling conducted during the RI indicated low to moderate concentrations
of cyanide, metals, acetone, chlorobenzene, 4-chloroaniline, and bis(2-ethylhexyl)phthalate.
These contaminants were indicated at significant concentrations only within the former pond
itself at a depth of 4 to 7 feet. Results of groundwater sampling indicated that radiometrics,
arsenic, cadmium, and lead occurred at concentrations slightly above background concentra-
tions and drinking water standards in the upper saturated zone (USZ) within and immediately
adjacent to the SP. Acetone, chlorobenzene, and bis(2-ethylhexyl)phthalate were also detected
at low concentrations. In a downgradient well (MW-85A), these analytes were either at or
below drinking water standards and background concentrations or were not detected.

A total of ten additional composite samples were taken from the site during remediation
activities, which were completed in November 1992. Soil samples were collected from
ground level to a total depth of 8 feet. The upper 4 feet of soil was removed from the pond
and sampled and analyzed for TCLP parameters. The results of the analysis determined that
the soil from this zone was clean; therefore, the soil was used as backfill. Samples collected
from the pond area between 4 and 8 feet below ground level showed no concentrations of
volatile organic compounds (VOC), semivolatile organic compounds (SVOC), herbicides, or
pesticides that exceeded Toxicity Characteristic Leaching Procedure (TCLP) hazardous
characteristics. Only two metals (arsenic and barium) were detected in the samples.

Groundwater collected from three new monitoring wells installed during remediation of the
SP were analyzed for metals, VOCs, and SVOCs. The only contaminant found that was not
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also detected in laboratory blanks was chromium. It was present at a maximum concentration

equal to its maximum contaminant level (MCL).

Baseline Risk Assessment/Potential Receptors. A human health risk assessment and
ecological assessment was performed for the SP site (USACE, 1994). The only exposure
route that was judged to be a complete pathway was inhalation of organic vapors originating

from soil gas at the SP.

The results of the human health risk assessment showed that the total cancer risk was well
below the range of EPA acceptable risks. The hazard index for noncarcinogenic risk was
well below the target value of one. Exposure pathways for ecological receptors were
considered incomplete; therefore, ecological risks were not quantified.

Conclusions. Based on the findings of the site RI and the risk assessment, it was deter-
mined that the site did not pose an immediate threat to human health or the environment.
However, due to the detection of soil contaminants above background levels, the SP site was
selected for demonstrating the innovative soil solidification/stabilization (SS) technology. The
solidification of the soil provided the additional benefit of guaranteeing protection of human

health and the environment.

Demonstration of the SS technology began in June 1992. The entire former pond area was
excavated to a depth of 8 feet. The construction rubble encountered in the excavated soil was
tested and disposed at an approved industrial landfill. The excavated soil was solidified with
cement and placed back into the site excavation. The solidified soil was then covered with an
additional 4 feet of clean backfill.

The remediation of the SP site was completed in November 1992. Since the completion of
the project, the permanent on-site monitoring wells have been sampled during the annual
basewide monitoring program. With the exception of isopropylbenzene, all chemicals
detected were present in higher concentrations at upgradient well MW-62 than at any of the
downgradient wells. None of the constituents detected directly underneath or downgradient of
the site exceeded their MCLs.

Recommendations. The following activities should be conducted during a Phase II RFI
for this site:
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» Continue with annual monitoring of the groundwater beneath the site. Monitor-
ing should include VOCs and metals.

» Collect additional soil samples to further complete the delineation and character-
ization of soil contamination.

« Collect site-specific soil background samples to be used in addition to USGS soil
data to distinguish site-related from background concentrations in a statistically
significant manner during the Phase II investigation.

 Prepare Phase II RFI work plan for submittal to EPA for approval before
beginning field work.

 Include pertinent groundwater monitoring wells in the basewide groundwater

investigation activity that will provide additional data for this site to determine
the extent of contamination.
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1.0 Introduction

1.1 Purpose and Scope
This document has been prepared in response to the U.S. Department of the Air Force, Tinker

Air Force Base (AFB), Oklahoma request for a Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) Summary Report for solid waste management unit
(SWMU)-11, the Supematant Pond (SP).

The objective of this RFI Summary Report is to provide Tinker AFB with one comprehensive
report that summarizes the various investigations that have occurred at the SP since the first
environmental investigation was initiated on Base in 1981. The purpose of this comprehen-

sive summary document is to:

« Characterize the site (Environmental Setting).
« Define the source (Source Characterization).
» Define the degree and extent of contamination (Contamination Characterization).

 Identify actual or potential receptors.
 Identify all action levels for the protection of human health and the environment.

Additionally, this document briefly describes the procedures, methods, and results of all
previous investigations that relate to the SP and contaminant releases, including information
on the type and extent of contamination at the site, and actual or potential receptors. Where
previous investigations, reports, or studies were not comprehensive and did not furnish the
information required to determine the nature and extent of contamination, future work that
can be conducted to complete the investigation has been recommended.

1.2 Preface

In 1980, Congress passed the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) to address the cleanup of hazardous waste disposal sites across the
country. CERCLA gave the president authority to require responsible parties to remediate the
sites or to undertake response actions through use of a fund (the Superfund). The president,
through Executive Order 12580, delegated the U.S. Environmental Protection Agency (EPA)
with the responsibility to investigate and remediate private party hazardous waste disposal
sites that created a threat to human health and the environment. The president delegated
responsibility for investigation and cleanup of federal facility disposal sites to the various
federal agency heads. The Defense Environmental Restoration Program (DERP) was formally
established by Congress in Title 10 U.S. Code (USC) 2701-2707 and 2810. DERP provides
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centralized management for the cleanup of U.S. Department of Defense (DOD) hazardous
waste sites consistent with the provisions of CERCLA, as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA), the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) (40 Code of Federal Regulations [CFR] 300),
and Executive Order 12580. To support the goals of DERP, the Installation Restoration
Program (IRP) was developed to identify, investigate, and clean up contamination at installa-

tions.

Under the Air Force IRP, Tinker AFB began a Phase I study similar to a preliminary
assessment/site investigation (PA/SI) in 1981 (Engineering Science [ES], 1982). This study
helped locate 14 sites that needed further investigation. A Phase II study was performed in
1983 (Radian Corporation [Radian], 1985 a,b).

In 1986, Congress amended CERCLA through the SARA. SARA waived sovereign immunity
for federal facilities. This act gave EPA authority to oversee the cleanup of federal facilities
and to have the final authority for selecting the remedial action at federal facilities placed on
the National Priorities List (NPL) if the EPA and the relevant federal agency cannot concur in
the selection. Congress also codified DERP (SARA Section 211), establishing a fund for the
DOD to remediate its sites because the Superfund is not available for the cleanup of federal
facilities. DERP specifies the type of cleanup responses that the fund can be used to address.

In response to SARA, the DOD realigned its IRP to follow the investigation and cleanup
stages of the EPA:

. PA/SI

. Remedial investigation/feasibility study (RI/FS)

. Record of Decision (ROD) for selection of a remedial action
. Remedial design/remedial action.

In 1984, Congress amended RCRA with the Hazardous and Solid Waste Amendments
(HSWA), which allow the EPA to require, as a permit condition, a facility to undertake
corrective action for any release of hazardous waste or constituents from any SWMU at a
treatment, storage, and disposal (TSD) facility. On January 12, 1989 Tinker AFB submitted
its Part B permit application for renewal of its operating RCRA hazardous waste storage
facility permit.
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EPA, in the Hazardous Waste Management Permit for Tinker AFB, dated July 1, 1991,
identified 43 SWMUSs and two areas of concern (AOC) on Tinker AFB that need to be
addressed. This permit requires Tinker AFB to investigate all SWMUs and AOCs and to
perform corrective action at those identified as posing a threat to human health or the
environment. This RFI Summary Report has been prepared to determine whether sufficient
investigations have been conducted to meet the permit requirements for the SP and to

document all determinations.

1.3 Facility Description

Tinker AFB is located in central Oklahoma, in the southeast portion of the Oklahoma City
metropolitan area, in Oklahoma County (Figure 1-1) with its approximate geographic center
located at 35° 25’ latitude and 97° 24’ longitude (U.S. Geological Survey [USGS], 1978).
The Base is bounded by Sooner Road to the west, Douglas Boulevard to the east, Interstate
40 to the north, and Southeast 74th Street to the south (Figure 1-2). An additional area east
of the main Base is used by the Engineering Installation Division (EID) and is known as Area
D. The Base encompasses approximately 5,000 acres. Tinker AFB began operations in 1942
and serves as a worldwide repair depot for a variety of aircraft, weapons, and engines. These
activities require the use of hazardous materials and result in the generation of hazardous
wastes. These wastes have included spent organic solvents, waste oils, waste paint strippers
and sludges, electroplating wastewaters and sludges, alkaline cleaners, acids, FreonTM, jet
fuels, and radium paints. Wastes that are currently generated are managed at two permitted
hazardous waste storage facilities. However, prior to enactment of RCRA, industrial wastes
were discharged into unlined landfills and waste pits, streams, sewers, and ponds. Past
releases from these landfills, pits, etc., as well as from underground tanks, have occurred. As
a result, there are numerous sites of soil, groundwater, and surface water contamination on the

Base.

The various reports generated as a result of investigative activities conducted at

the SP have been reviewed and evaluated in terms of the sites’ status under RCRA regula-
tions. A summary based on the review of these reports for the SP is presented in the
following chapters and sections. In addition, recommendations for additional work is given at

the end of the summary report.
1.4 Site Description
The SP is located on the west side of Tinker AFB, east of and adjacent to Patrol Road and

approximately 200 feet north of the northwest-flowing Crutcho Creek (Figure 1-3). The site
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is directly east of Fire Training Area 1 (FTA1l) (SWMU-7), which is also undergoing an RI.
The SP site is an area of approximately 25,000 square feet (ftz) (0.6 acres). The former pond
covered an area of approximately 6,400 ft? (0.15 acres). A shallow ditch runs along the east
side of the site and terminates in the creek south of the site. North of the site, this ditch
parallels Patrol Road. The site supports growth of grass and is kept mowed. No evidence of
previous activity is apparent on the surface (U.S. Army Corps of Engineers [USACE], 1991a).
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2.0 Background

2.1 Site Operations and History

Tinker AFB was originally known as the Midwest Air Depot and began operations in July
1941. The site was activated March 1942. During World War II, the depot was responsible
for reconditioning, modifying, and modernizing aircraft, vehicles, and equipment.

The SP is located on the west side of Tinker AFB, east of and adjacent to Patrol Road and
approximately 200 feet north of the northwest-flowing Crutcho Creek. The SP appears on
Tinker AFB maps as early as 1954. The former pond covered an area of approximately 6,400
£ and is described by former and current Tinker AFB employees as "resembling a swimming
pool." This structure was unlined (Tinker, 1992).

The SP was used as an impoundment for sewage effluent between 1954 and about 1970. As-
built drawings show the SP was connected by a 10-inch diameter sanitary sewer pipe to the
sludge drying beds at a sewage treatment plant located approximately 800 feet northwest of
the site. Use of the sewage treatment plant was discontinued in 1970. Base personnel
continued to use the SP as a disposal site for liquid wastes generated from base operations
until 1980. Reportedly, these wastes included petroleum hydrocarbon sludge, solvents, and
cyanide-contaminated liquids. Between 1980 and 1984, the SP was used for disposal of
construction rubble and dirt (USACE, 1994).

During its period of operation, the SP was periodically subject to overflow during heavy
rainfalls. The overflow entered a tributary just southeast of the site and flowed into Crutcho
Creek (USACE, 1994).

When the pond ceased to be used as a disposal site in 1980, soil fill was placed in the
depression. This fill was subject to significant settling and would not support growth of
vegetation. Subsequently, construction rubble, consisting of asphalt, concrete, plastic pipe,
etc., was placed in the pond followed by a layer of soil fill to maintain grass over the site.
Approximately 300 cubic yards (yd3) of construction material was used as backfill when
the SP was removed from use (Tinker, 1992).

The SP was remediated in October 1992 using stabilization/solidification (SS) technology,
which effectively locks contamination into a cement matrix. Because analysis of soil samples
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beneath the pond indicated no hazardous constituents, the project was more a demonstration
of methodology than mitigation of environmental threat. Monitoring wells were also installed
at the site and will be sampled on an annual basis (Tinker, 1992).

2.2 Summary of Previous Investigations
The Tinker AFB IRP initiated investigations to determine the nature and extent of contamina-

tion at various sites on the base in the early 1980s. A Phase I records search was conducted
by ES in 1981, followed by a Phase II confirmation/quantification conducted by Radian in
1983. However, the SP had not yet been identified as a potential remediation site at the time
of the Phase I and Phase II IRP investigations. The SP was identified in 1986 during the
course of interviews conducted with former and present base employees by the USACE as
part of investigations of other known potential remediation sites (USACE, 1991b). Site
investigations were conducted at the SP at two different times, during the RI and during

actual remediation of the site.

2.2.1 Remedial Investigation

An RI was conducted by the USACE at the SP from July 1989 to July 1990. The RI
included a soil-gas survey with collection and analysis of 22 samples; drilling of 13 soil
borings which were completed as shallow piezometers in the first water-bearing zone
encountered; collection and analysis of seven soil samples; installation of two wells in the
upper saturated zone (USZ) and lower saturated zone (LSZ); and sampling of the wells and
piezometers in October/November 1989 and May 1990. The final RI report was published in
October 1991 (USACE, 1991a).

The pond was found to overlie the Hennessey Formation (shale interbedded with siltstone and
sandstone). Drilling showed that the former pond area was underlain by 5 to 7 feet of fill
(clay, silt, sand, and construction debris), followed by clay and weathered shale to 15 feet,
sandstone to 32 feet, shale between 32 and 55 feet, and sandstone below 55 feet. The upper
sandstone and overlying weathered shale/clay fill are considered to comprise the USZ,
formerly known as the perched aquifer. The lower sandstone comprises the uppermost
portion of the LSZ, formerly designated as the top of regional aquifer.

The USZ water table was found to be mounded under the pond. Overall flow in the USZ
was found to be to the south-southwest toward Crutcho Creek. The gradient in the LSZ was
determined to be northward, based on three wells. However, based on a current data, the
LSZ gradient is to the south-southeast.
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Soil Gas. A soil gas survey was conducted to allow a preliminary screening of the site for
the presence of volatile organic compounds (VOC) in the vadose zone. The soil gas survey
indicated very low concentrations of 1,1,1-trichloroethane (TCA), tetrachloroethene (PCE),
and total hydrocarbons at several of the 22 sample locations within and adjacent to the SP.
The results are presented in Section 5.1. Subsequent soil and groundwater sampling and
analysis did not detect the presence of TCA and PCE at the locations sampled during the soil
gas survey. The RI concluded that the low levels of soil gas contaminants were not indicative

of subsurface contamination.

Soils. Seven soil borings collected at the SP were analyzed for metals, pH, polychlorinated
biphenyls (PCB), total recoverable petroleum hydrocarbons (TRPH), cyanide, VOCs, and
semivolatile organic compounds (SVOC). The results are presented in Section 5.2. The RI
concluded that contamination was present in the soil at a depth of 4 to 7 feet within the
boundaries of the SP. Groundwater sampling from piezometers within and adjacent to the site
indicated that leaching of contaminants was not significant. In addition, the RI concluded that
the fill (including construction debris) that was present above the depth of 4 feet was not

contaminated.

Groundwater. Three aquifer zones are identified at the SP. In the uppermost zone (USZ),
the groundwater flows southwest toward the tributary of Crutcho Creek. The upper part of
this shallow aquifer zone consists of a weathered clay, while the lower part is a sandstone.
The second zone is the LSZ, which begins at a depth of about 55 feet below ground surface
at the site and is thought to extend to approximately 250 feet. Water level data from wells
representative of this zone indicate that the groundwater flows south-southeast in the LSZ.
Below this is the third zone, known as the producing zone, which extends to a depth of at
least 600 feet. This zone produces much of Tinker’s water supply.

Groundwater from the USZ at the SP exhibited concentrations slightly above background
levels of total organic carbon (TOC), radiometrics, and metals. Very low levels of VOCs and
SVOCs were indicated in groundwater sampled from piezometers in and adjacent to the SP.
Results of the groundwater sampling effort are presented in Section 5.3. Analyses of
groundwater sampled from a downgradient well (MW-85A) did not indicate concentrations of
TOC, radiometrics, or metals in excess of background levels or drinking water standards.
VOCs and SVOCs were not indicated above detection limits in MW-85A. It was concluded
that because MW-85A is downgradient from the SP, transport of groundwater contaminants in
the USZ had either not occurred or had been very limited. Migration of contaminants was
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not anticipated to be significant in the future because only low levels of contaminants had
been detected in groundwater in and adjacent to the SP.

Water quality in the LSZ was not fully assessed in the investigation because only one well
near the site was screened in that zone. However, it should be noted that sampling of this
well showed radionuclide and metals concentrations exceeding drinking water standards

(Tinker, 1992).

Conclusions. The R1 report concluded that the SP did not pose a hazard to health or the
environment at that time. The report recommended that a risk assessment be conducted to
determine if future risks may exist in the absence of remedial action. The report also

recommended that a feasibility study be performed to evaluate remedial alternatives for the

contaminated soil (Tinker, 1992).

2.2.2 Remediation
During the SP remediation, which was completed in November 1992, additional soil and

groundwater samples were collected and analyzed. Findings of the results are presented in
the following paragraphs. A summary of the remediation activities is presented in Section
2.3.

Soils. A total of ten composite samples were taken from the site during remediation. The
samples were taken from ground level to a total depth of 8 feet. These ten composite
samples were analyzed by the Toxicity Characteristic Leachate Procedure (TCLP) method to
characterize the hazardous constituents that might have existed in the soil matrix. TCLP

results indicated that there were no hazardous constituents in the soil.

Groundwater. Three new monitoring wells (one in the USZ and two in the LSZ) were
installed at the SP during remediation (MW2-11, MW2-12, and MW2-13). Groundwater
collected from the wells was analyzed for metals, VOCs, and SVOCs. Methylene chloride
and bis(2-ethylhexyl)phthalate were detected in all the groundwater samples. Both methylene
chloride and bis(2-ethylhexyl) phthalate were detected in the laboratory blanks and can be
attributed to laboratory contamination. Chromium was found in the LSZ at the current
maximum contaminant level (MCL) (Tinker, 1992).

Conclusions. During remediation of this site, no significant contamination was found;
therefore, it was concluded that there was no threat to human health and the environment.
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Field activities and detailed analyses confirmed that no contamination remained at the SP
(Tinker, 1992).

2.3 Remediation Activities
Remediation and sampling activities at the SP took place in 1992 upon completion of the RI
and is summarized in the following paragraphs (Tinker, 1993a).

Based on the findings of the site RI and the risk assessment (USACE, 1994), it was deter-
mined that the SP did not pose an immediate threat to human health or the environment.
However, because soil contaminants were detected in excess of background and due to the
limited size of the site and extent of contamination, this site was selected for demonstrating
the innovative technology of soil SS. In addition, the solidification of the soil at the site
guaranteed protection of human health and the environment, while demonstrating the
effectiveness and applicability of this technology to similar sites.

Demonstration of the SS technology began in June 1992. The entire former pond area (70 by
90 feet) was excavated to a depth of 8 feet. Initially, the upper 4.0 feet was excavated and
the construction rubble was removed. Then the lower 4.0 feet of soil was excavated and SS

was employed to "lock" any potential contaminants into the cement matrix.

The upper 4 feet (940 yd3) of soil and construction debris were removed using a backhoe and
front-end loader. Apprdximately 260 yd3 of construction debris was segregated from the soil
using a shaker screen. Debris was than placed in roll-off boxes for disposal at an approved
landfill. The remaining 680 yd3 of soil was covered with visqueen to prevent contaminant
migration. Five composite soil samples were collected and analyzed for full TCLP para-
meters. The results of the TCLP analysis of the soil were used to characterize the construc-
tion debris removed from the former pond for disposal. Based on the analyses, the construc-
tion debris was disposed at an approved industrial landfill.

The remaining 4.0 feet of soil, approximately 940 yd3, was excavated and covered by
visqueen to limit or eliminate any potential contamination from migration due to the percola-
tion of rainwater. The excavated soils (lower than 4.0 feet) were then solidified with portland
cement and fly ash using a Bovine rotary mixer, at a ratio of 250 pounds of portland cement
and 40 pounds of fly ash per cubic yard of soil. Stockpiled soils were placed in 8- to 9-inch
loose lifts, compacted to at least 92 percent Standard Proctor with a vibrating sheep’s foot
compactor. This procedure was continued until the fill level in the excavated pit had returned
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to the 4-foot mark. Following a 7-day curing period, approximately 1,700 yd3 of backfill was
placed in 12-inch loose lifts over the solidified material and packed with a bulldozer. The
excavated soils were sampled prior to the solidification process. The five soil samples
collected were analyzed for TCLP parameters; the results are discussed in Section 5.2.

2.3.1 Quality Assurance During Remediation Activities

The analytical laboratories were all required to possess Contract Laboratory Procedures (CLP)
certification. During the SS process, a sample of the material to be compacted was collected
and analyzed to assist in determining the necessary moisture content for optimum compaction.
Two density tests were performed on the first compaction lift to ensure that no groundwater
could infiltrate from the bottom of the pond. Nuclear density tests were performed following
the compaction of every other lift. The average Standard Proctor compaction was 98.4
percent, approximately 6.4 percent higher than the specified 92 percent.

2.3.2 Operation and Maintenance

No operation and maintenance is required for the SP site. Long-term monitoring of the
groundwater beneath the site will be continued until such time as the sampling indicates that
there is no threat to human health or the environment. The groundwater will also be
monitored for pH, calcium, and other chemical parameters that would indicate that the
solidification of the soils was degrading. Should the concentrations of these parameters
increase, the data and site specific conditions will be evaluated to determine what actions are

required.

2.4 Current Regulatory Status

The IRP has been ongoing at Tinker AFB since the early 1980s. IRP studies on the Base
were conducted according to IRP guidance, which is essentially the same as EPA’s guidance
for conducting RI/FS under CERCLA. All investigation and removal actions have been
closely monitored and approved by the EPA.

Since receiving the Hazardous Waste Management Permit on July 1, 1991, many of the IRP
sites have come under the jurisdiction of the RCRA permits branch of EPA. As such, they
have been identified as SWMUs; however, a large amount of work has already been per-
formed at most of these sites under the IRP. Additional investigation at the SWMUs will be
performed under the IRP.
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3.0 Environmental Setting

3.1 Topography and Drainage
3.1.1 Topography

Regional/Tinker AFB. The topography of Oklahoma City and surrounding area varies from
generally level to gently rolling in appearance. Local relief is primarily the result of
dissection by erosional activity or stream channel development. At Oklahoma City, surface
elevations are typically in the range of 1,070 to 1,400 feet mean sea level (msl). At Tinker
AFB, ground surface elevations vary from 1,190 feet msl near the northwest corner where
Crutcho Creek intersects the Base boundary to approximately 1,320 feet msl at Area D (EID).

Site. The SP site is an area of approximately 25,000 ft>. The site is located on the west side
of Tinker AFB next to Patrol Road and Crutcho Creek. The land at the site is generally flat.
The ground elevation of the site is approximately 1220 feet msl. The site supports growth of
grass and is kept mowed. No evidence of previous activity is apparent on the surface
(USACE, 1991a).

3.1.2 Surface Drainage

Regional/Tinker AFB. Drainage of Tinker AFB land areas is accomplished by overland
flow of runoff to diversion structures and then to area surface streams, which flow intermit-
tently. The northeast portion of the Base is drained primarily by unnamed tributaries of
Soldier Creek, which is itself a tributary of Crutcho Creek. The north and west sections of
the Base, including the main instrument runway, drain to Crutcho Creek, a tributary of the
North Canadian River. Two small unnamed intermittent streams crossing installation
boundaries south of the main instrument runway generally do not receive significant quantities
of Base runoff due to site grading designed to preclude such drainage. These streams, when
flowing, extend to Stanley Draper Lake, approximately one-half mile south of the Base.

Site. The SP site is approximately 200 feet north of the northwest-flowing Crutcho Creek.
The area in the vicinity of the SP is generally flat. A shallow ditch runs along the east side
of the site and terminates in the creek south of the site. North of the site, this ditch parallels
Patrol road. Excess surface water from the site may drain into the ditch and/or Crutcho
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Creek. During its period of operation, the pond would periodically overflow during heavy
rainfalls; the overflow would then enter Crutcho Creek.

3.2 Geology

3.2.1 Regional/Tinker AFB Geology

Tinker AFB is located within the Central Redbed Plain Section of the Central Lowland
physiographic province, which is tectonically stable. No major fault or fracture zones have
been mapped near Tinker AFB. The major lithologic units in the area of the Base are
relatively flat-lying and have a regional westward dip of about 0.0076 foot per foot (ft/ft)
(Bingham and Moore, 1975).

Geologic formations that underlie Tinker AFB include, from oldest to youngest, the Welling-
ton Formation, Garber Sandstone, and the Hennessey Group; all are Permian in age.

All geologic units immediately underlying Tinker AFB are sedimentary in origin. The Garber
Sandstone and Wellington Formation are commonly referred to as the Garber-Wellington
Formation due to strong lithologic similarities. These formations are characterized by fine-
grained, calcareously-cemented sandstones interbedded with shale. The Hennessey Group
consists of the Fairmont Shale and the Kingman Siltstone. It overlies the Garber-Wellington
Formation along the eastern portion of Cleveland and Oklahoma counties. Quaternary
alluvium is found in many undisturbed streambeds and channels located within the area.

Stratigraphy. Tinker AFB lies atop a sedimentary rock column composed of strata that
ranges in age from Cambrian to Permian above a Precambrian igneous basement. Quaternary
alluvium and terrace deposits can be found overlying bedrock in and near present-day stream
valleys. At Tinker AFB, Quatemary deposits consist of unconsolidated weathered bedrock,
fill material, wind-blown sand, and interfingering lenses of sand, silt, clay, and gravel of
fluvial origin. The terrace deposits are exposed where stream valleys have downcut through
older strata and have left them topographically above present-day deposits. Alluvial sedi-
ments range in thickness from less than a foot to nearly 20 feet.

Subsurface (bedrock) geologic units which outcrop at Tinker AFB and are important to

understanding groundwater and contaminant concerns at the Base consist of, in descending
order, the Hennessey Group, the Garber Sandstone, and the Wellington Formation (Table 3-1).
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These bedrock units were deposited during the Permian Age (230 to 280 million years ago)
and are typical of redbed deposits formed during that period. They are composed of a
conformable sequence of sandstones, siltstones, and shales. Individual beds are lenticular and
vary in thickness over short horizontal distances. Because lithologies are similar and because
of a lack of fossils or key beds, the Garber Sandstone and the Wellington Formation are
difficult to distinguish and are often informally lumped together as the Garber-Wellington
Formation. Together, they are about 900 feet thick at Tinker AFB. The interconnected,
lenticular nature of sandstones within the sequence forms complex pathways for groundwater

movement.

The surficial geology of the north section of the Base is dominated by the Garber Sandstone,
which outcrops across a board area of Oklahoma County. Generally, the Garber outcrop is
covered by a veneer of soil and/or alluvium up to 20 feet thick. To the south, the Garber
Sandstone is overlain by outcropping strata of the Hennessey Group, including the Kingman
Siltstone and the Fairmont Shale (Bingham and Moore, 1975). Drilling information obtained
as a result of geotechnical investigations and monitoring well installation confirms the

presence of these units.

Depositional Environment. The Permian-age strata presently exposed at the surface in
central Oklahoma were deposited along a low-lying north-south oriented coastline. Land
features included meandering to braided sediment-loaded streams that flowed generally
westward from highlands to the east (ancestral Ozarks). Sand dunes were common, as were
cut-off stream segments that rapidly evaporated. The climate was arid and vegetation sparse.
Off shore the sea was shallow and deepened gradually to the west. The shoreline’s position
varied over a wide range. Isolated evaporitic basins frequently formed as the shoreline
shifted.

Across Oklahoma, this depositional environment resulted in an interfingering collage of
fluviatile and wind-blown sands, clays, shallow marine shales, and evaporite deposits. The
overloaded streams and evaporitic basins acted as sumps for heavy metals such as iron,
chromium, lead, and barium. Oxidation of iron in the arid climate resulted in the reddish
color of many of the sediments. Erosion and chemical breakdown of granitic rocks from the
highlands resulted in extensive clay deposits. Evaporite minerals such as anhydrite (CaSO,),
barite (BaSO,), and gypsum (CaSO,*2H,0) are common.
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Around Tinker AFB, the Hennessey Group represents deposition in a tidal flat environment
cut by shallow, narrow channels. The Hennessey Group is comprised predominantly of red
shales which contain thin beds of sandstone (less than 10 feet thick) and siltstone. In outcrop,
"mudball” conglomerates, burrow surfaces, and dessication cracks are recognized. These units
outcrop over roughly the southern half of the Base, thickening to approximately 70 feet in the
southwest from their erosional edge (zero thickness) across the central part of Tinker AFB.

In contrast, the Garber Sandstone and the Wellington Formation around Tinker AFB consist
of an irregularly-interbedded system of lenticular sandstones, siltstones, and shales deposited
either in meandering streams in the upper reaches of a delta or in a braided stream environ-
ment. Outcrop units north of Tinker AFB exhibit many small to medium channels with cut
and fill geometries consistent with a stream setting. Sandstones are typically cross-bedded.
Individual beds range in thickness from a few inches to approximately 50 feet and appear
massive, but thicker units are often formed from a series of "stacked" thinner beds. Geophys-
ical and lithologic well logs indicate that from 65 to 75 percent of the Garber Sandstone and
the Wellington Formation are composed of sandstone at Tinker AFB. The percentage of
sandstone in the section decreases to the north, south, and west of the Base. These sand-
stones are typically fine to very fine grained, friable, and poorly cemented. However, where
sandstone is cemented by red muds or by secondary carbonate or iron cements, local thin
"hard" intervals exist along disconformities at the base of sandstone beds. Shales are
described as ranging from clayey to sandy, are generally discontinuous, and range in thickness

from a few inches to approximately 40 feet.

Stratigraphic Correlation. Correlation of geologic units is difficult due to the discontinu-
ous nature of the sandstone and shale beds. However, cross-sections (Figure 3-1) demonstrate
that two stratigraphic intervals can be correlated over large sections of the Base in the
conceptual model. These intervals are represented on geologic cross-sections A-A’ and B-B’
(Figures 3-2 and 3-3). Section A-A’ is roughly a dip section and B-B’ is approximately a
strike section. The first correlatable interval is marked by the base of the Hennessey Group
and the first sandstone at the top of the Garber Sandstone. This interval is mappable over the
southern half of Tinker AFB. The second interval consists of a shale zone within the Garber
Sandstone which, in places, is comprised of a single shale layer and, in other places, of
multiple shale layers. This interval is more continuous than other shale intervals and in cross-
sections appears mappable over a large part of the Base. It is extrapolated under the central
portion of Tinker AFB where little well controls exists.
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Structure. Tinker AFB lies within a tectonically stable area; no major near-surface faults or
fracture zones have been mapped near the Base. Most of the consolidated rock units of the
Oklahoma City area dip westward at a low angle. A regional dip of 0.0057 to 0.0076 ft/ft in
a generally westward direction is supported by stratigraphic correlation on geologic cross-
sections at Tinker AFB. Bedrock units strike slightly west of north.

Although Tinker AFB lies in a tectonically stable area, regional dips are interrupted by buried
structural features located west of the Base. A published east-to-west generalized geologic
cross-section, which includes Tinker AFB, supports the existence of a northwest-trending
structural trough or syncline located near the western margin of the base. The syncline is
mapped adjacent to and just east of a faulted anticlinal structure located beneath the Oklaho-
ma City Oil Field. The fault does not appear to offset Permian-age strata. There are
indications that the syncline may act as a "sink" for some regional groundwater (southwest
flow) at Tinker AFB before it continues to more distant discharge points.

3.2.2 Site Geology

The Hennessey Group outcrops at the SP and consists of 14 to 15 feet of clay, silty clay, and
weathered shale. This surficial clay and weathered shale is underlain by a sandstone unit of
the Garber, which is approximately 18 feet thick and extends to a depth of approximately 32
to 33 feet. The unit is brown, fine-to very fine-grained, and moderately well sorted. Some
interbedded shales up to several inches thick are present. This sandstone is underlain by a
23-feet-thick shale (32 to 55 feet in depth). The deepest unit penetrated by borings in the
area of the site is a sandstone encountered at 55 feet. The thickness of this sandstone is
unknown, but exceeds 10 feet (USACE, 1991a).

3.3 Hydrology

3.3.1 Regional/Tinker AFB Hydrology

The most important source of potable groundwater in the Oklahoma City metropolitan area is
the Central Oklahoma aquifer system. This aquifer extends under much of central Oklahoma
and includes water in the Garber Sandstone and Wellington Formation, the overlying alluvium
and terrace deposits, and the underlying Chase, Council Grove, and Admire Groups. The
Garber Sandstone and the Wellington Formation portion of the Central Oklahoma aquifer
system is commonly referred to as the "Garber-Wellington aquifer” and is considered to be a
single aquifer because these units were deposited under similar conditions and because many
of the best producing wells are completed in this zone. On a regional scale, the aquifer is
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confined above by the less permeable Hennessey Group and below by the Late Pennsylvanian

Vanoss Group.

Tinker AFB lies within the limits of the Garber-Wellington Groundwater Basin. Currently,
Tinker derives most of its water supply from this aquifer and supplements the supply by
purchasing from the Oklahoma City Water Department. The nearby communities of Midwest
City and Del City derive water supplies from both surface sources and wells tapping the
aquifer. Industrial operations, individual homes, farm irrigation, and small communities not
served by a municipal distribution system also depend on the Garber-Wellington aquifer.
Communities presently depending upon surface supplies (such as Oklahoma City) also
maintain a well system drilled into the Garber-Wellington as a standby source of water in the

event of drought.

Recharge of the Garber-Wellington aquifer is accomplished principally by percolation of
surface waters crossing the area of outcrop and by rainfall infiltration in this same area.
Because most of Tinker AFB is located in an aquifer outcrop area, the Base is considered to

be situated in a recharge zone.

According to Wood and Burton (1968) and Wickersham (1979), the quality of groundwater
derived from the Garber-Wellington aquifer is generally good, although wide variations in the
concentrations of some constituents are known to occur. Wells drilled to excessive depths
may encounter a saline zone, generally greater than 900 feet below ground surface. Wells
drilled to such depths or those accidentally encountering the saline zone are either grouted
over the lowest screens or may be abandoned.

Tinker AFB presently obtains its water supplies from a distribution system comprised of 29
water wells constructed along the east and west Base boundaries and by purchase from the
Oklahoma City Water Department. All Base wells are finished into the Garber-Wellington
aquifer. Base wells range from 700 to 900 feet in finished depth, with yields ranging from
205 to 250 gallons per minute. The wells incorporate multiple screens, deriving water
supplies from sand zones with a combined thickness from 103 to 184 feet (Wickersham,
1979).

Although the variability in the geology and the recharge system at Tinker AFB makes it
difficult to predict local flow paths, Central Oklahoma aquifer water table data show that

regional groundwater flow under Tinker varies from west-northwest to southwest, depending
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on location. This theory is supported by contoured potentiometric data from base monitoring
wells which show groundwater movement in the upper and lower aquifer zones to generally
follow regional dip. Measured normal to potentiometric contours, groundwater flow gradients
range from 0.0019 to 0.0057 ft/ft. However, because flow in the near-surface portions of the
aquifer at Tinker AFB is strongly influenced by topography, local stream base-levels, complex
subsurface geology, and location in a recharge area, both direction and magnitude of ground-
water movement is highly variable. The interaction of these factors not only influences
regional flow but gives rise to complicated local, often transient, flow patterns at individual
sites.

As a result of ongoing environmental investigations and the approximately 450 groundwater
monitoring wells installed on the Base during various investigations, a better understanding of
the specific hydrological framework has emerged. The current conceptual model developed
by Tinker AFB (Tinker, 1993b), based on the increased understanding of the hydrological
framework, has been revised from an earlier model adopted by the USACE. Previous studies
reported that groundwater was divided into four water-bearing zones: the perched aquifer, the
top of regional aquifer, the regional aquifer, and the producing zone. In the current model,
two principal water table aquifer zones and a third less extensive zone have been identified.
The third is limited to the southwest quadrant. The third aquifer zone consisted of saturated
siltstone and thin sandstone beds in the Hennessey Shale and equates to the upper water
bearing zone (UWBZ) described by the USACE (1993) at Landfills 1 through 4 (SWMUs 3
through 6). In addition, numerous shallow, thin saturated beds of siltstone and sandstone
exist throughout the Base. These are of limited areal extent and are often perched.

In the current conceptual hydrologic model, a USZ and an LSZ are recognized in the interval
from ground surface to approximately 200 feet. Below this is found the producing zone from
which the Base draws much of its water supply. Figure 3-4 shows the potentiometric surface
for the USZ and Figure 3-5 shows the potentiometric surface for the LSZ. The USZ exists
mainly under water table (unconfined) conditions, but may be partially confined locally.
Conditions in the LSZ are difficult to determine due to screen placement and overly long
sandpacks below the screen interval.

The USZ is found at a depth of 5 to 70 feet below ground surface and has a saturated
thickness ranging from less than 1 foot at its eastern boundary to over 20 feet in places west
of Building 3001. The USZ is erosionally truncated by Soldier Creek along the northeastern
margin of Tinker AFB. This aquifer zone is considered to be a perched aquifer over the
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eastern one-third of Tinker AFB, where it is separated from the LSZ by an underlying
confining shale layer and a vadose zone. The confining interval extends across the entire
Base, but the vadose zone exists over the eastern one-third of this area. The available
hydrogeologic data indicate that the vadose zone does not exist west of a north-south line
located approximately 500 to 1,000 feet west of the main runway; consequently, the USZ is
not perched west of this line. However, based on potentiometric head data from wells
screened above and below the confining shale layer, the USZ remains a discrete aquifer zone
distinct from the LSZ even over the western part of the Base. In areas where several shales
interfinger to form the lower confining interval rather than a single shale bed, "gaps" may
occur. In general, these "gaps” are not holes in the shale, but are places where multiple
shales exist that are separated by slightly more permeable strata. Hydrologic data from
monitoring wells indicate that these zones allow increased downward flow of groundwater

above normal rates through the confining layer.

The LSZ is hydraulically interconnected and can be considered one aquifer zone down to
approximately 200 feet. This area includes what was referred to by the USACE as the top of
regional and regional zones. Hydrogeologic data from wells screened at different depths at
the same location within this zone, however, provide evidence that locally a significant
vertical (downward) component of groundwater flow exists in conjunction with lateral flow.
The magnitude of the vertical component is highly variable over the Base. Preliminary
evidence suggests that the LSZ is hydraulically discrete from the producing zone. Due to
variations in topography, the top of the lower zone is found at depths ranging from 50 to 100
feet below ground surface under the eastern parts of the Base and as shallow as 30 feet to the
west. Difterences in potentiometric head values found at successive depths are due to a
vertical (downward) component of groundwater flow in addition to lateral flow and the
presence or absence of shale layers which locally confine the aquifer system. The LSZ
extends east of the Base (east of Soldier Creek) beyond the limits of the USZ where it
becomes the first groundwater zone encountered in off-Base wells. Because of the regional
dip of bedding, groundwater gradient, and topography, the LSZ just east of the Base is
generally encountered at depths less than 20 feet.

3.3.2 Site Hydrology
There are two aquifer systems of interest at the SP: the USZ and the LSZ.

Upper Saturated Zone. The uppermost water bearing zone in the Garber-Wellington at
Tinker AFB is commonly referred to as the USZ. At the SP, the USZ is primarily associated
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with the sandstone occurring at approximately 14 feet to 32 feet. The 13 piezometers at the
SP are screened in this sandstone and in a water-producing surficial weathered shale and clay.
It is probable that both stratigraphic units are connected hydraulically as a single unconfined
aquifer in this area. The two units do exhibit different hydraulic properties; the hydraulic
conductivity of the sandstone is higher than that of the soil and weathered shale overlying it.
Based on bailer test data (SP-11), the soil/weathered shale exhibits a hydraulic conductivity of
2.6 x 10°® centimeters per second (cm/s) while a slug test in the underlying sandstone
(MW-61A) yielded a hydraulic conductivity of 5 x 103 cm/s. The monitoring wells and
piezometers in place at FTA1 and the SP were designed to intercept the uppermost water
bearing zone. The available well data does not allow a firm conclusion on the degree of
hydraulic communication between the upper soil/weathered shale zone and the underlying
sandstone. Based on water levels and geology, it is reasonable to treat them as a single
hydrologic unit.

Based on available information, the following observations can be made at the SP:

» The overall gradient is to the south-southwest, indicating groundwater flow
towards Crutcho Creek.

« A mounding is present in the immediate area of the SP which causes a local
reversal of gradient with the possibility of radial groundwater flow from the SP
area.

« The southern half of FTA1, MW-85A, MW-61A, and MW2-19B are all down-
gradient of the SP. MW-62 is generally upgradient, but the water levels in
piezometers at the center of the SP are higher.

The mounding observed at the SP is persistent at three different times of the year when water
levels were measured. The higher water levels may be due to a local recharge effect
attributable to hydraulic characteristics of the fill placed in the abandoned pond (USACE,
1991a).

Lower Saturated Zone. The top of this hydrologic unit corresponds with the top of the
sandstone occurring at 55 feet. The unit is present in the entire Tinker AFB area and is a

confined aquifer in the SP area. The wells in the site area which are screened in the unit are
MW-61B, MW-85B, and MW2-19A. Based upon current data, the general LSZ gradient is to
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the south-southeast and monitoring wells MW2-19A, MW-61B, and MW-85B are down-
gradient of the SP. Figures 3-6 and 3-7 show the potentiometric surfaces for the USZ and
LSZ, respectively, extrapolated from surrounding data points at the SP.

3.4 Soils

Three major soil types have been mapped in the Tinker AFB area and are described in Table 3-2
(U.S. Department of Agriculture [USDA], 1969). The three soil types, the Darrell-

Stephenville, Renfrow-Vernon-Bethany, and Dale-Canadian-Port, consist of sandy to fine

sandy loam, silt loam, and clay loam, respectively. The Darrell-Stephenville and the
Renfrow-Vernon-Bethany are primarily residual soils derived from the underlying shales of

the Hennessey Group. The Dale-Canadian-Port association is predominantly a stream-

deposited alluvial soil restricted to stream floodplains. The thickness of the soils ranges from

12 to 60 inches. The SP lies entirely within the Renfrow-Vernon-Bethany soil association.
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Table 3-2

Tinker AFB Soil Associations
(Source: USDA, 1969)

soil on low benches near large
streams

Silty clay loam
Loam
Clay loam

Thickness Unified Permeability
Association Description (in.) Classification® (in./hr)

Darrell-Stephenville: loamy Sandy loam 12-54 SM,ML,SC 2.0-6.30
soils of wooded uplands Sandy clay loam

Soft sandstone

(Garber

Sandstone)
Renfrow-Vernon-Bethany: Silt loam - clay 12-60 ML,CL,MH,CH <0.60-0.20
loamy and clayey soils on Clay loam
prairie uplands Shale

(Fairmont Shale)
Dale-Canadian-Port: loamy Fine sandy loam 12-60 SM,ML,CL 0.05-6.30

3Unified classifications defined in U.S. Bureau of Reclamation, 5005-86.
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4.0 Source Characterization

The SP study area encompasses 25,000 ft>. The former pond, which covered an area of
approximately 6,400 ft?, was used for impounding sewage effluent between 1954 and 1970
and for disposal of miscellaneous liquid wastes between 1970 and 1980. The miscellaneous
liquid wastes included petroleum hydrocarbon sludges, solvents, and cyanide-contaminated
liquids generated from base operations. The exact quantities and compositions of the liquid
wastes disposed at the SP are not known. Disposal of liquid wastes in the pond ceased in
1980 and the pond was used for disposal of soil and construction debris.
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5.0 Contaminant Characterization

Through two phases of investigation, soil gas, soils, and groundwater have been sampled for
contaminants potentially introduced into the environment as a result of past waste disposal
practices at the SP. In addition, postremediation groundwater samples were collected from
MW-85A in 1992 and 1993. Analytical results of samples taken during the RI (USACE,
1991a) indicated that contamination was present in the soil at a depth of 4 to 7 feet within the
boundaries of the SP. Results also indicated that the groundwater in the USZ below and
adjacent to the SP contained concentrations above background levels of TOC, radiometrics,
metals, VOCs, and SVOCs. During the remediation of the site, additional soil and groundwa-
ter sampling indicated that the soil was not contaminated, and groundwater in the LSZ was
only slightly contaminated with chromium. The results of the postremediation groundwater
sample analyses indicate that the groundwater in the USZ contains TOC concentrations
slightly above background levels.

5.1 Soil Gas Characterization

Compounds analyzed in the soil gas survey included: TCA, trichloroethene (TCE), PCE,
benzene, toluene, ethyl benzene, xylenes, and total hydrocarbons. The soil gas survey
indicated detectable concentrations of 1,1,1-TCA, PCE, and total hydrocarbons at several of
the 22 sample locations. The survey was performed during July 1989 when volatilization of
any VOCs would be at or near maximum for the year. Only TCA, PCE, and total hydrocar-
bons were present at contourable levels. Maximum detected levels of TCA, PCE, and total
hydrocarbons were 0.8, 0.004, and 17 micrograms per liter (ug/L), respectively, compared to
their detection limits of 0.0002 pg/L, 0.005 pg/L, and 0.2 pg/L, respectively. Soil gas
investigations of the SP site vary from 1.5 to 4.0 feet in depth. Subsequent groundwater and
soil sampling and analysis, which were all taken at depths below 4.5 feet, failed to confirm
the presence of TCA and PCE at the locations sampled during the soil gas survey. The levels
of soil gas contaminants present are not considered indicative of subsurface contamination.
Neither PCE nor TCA was detected in any of the soil samples taken from depths of 4.5 to
12.0 feet below the surface or in any perched groundwater samples taken from piezometers or
monitoring wells at the site. The soil gas survey results are presented in Table 5-1 (USACE,
1991a).
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5.2 Soil Characterization

The results of chemical analyses of the soil samples from the seven borings are summarized
in Table 5-2 (USACE, 1991a). Detection frequencies and maximum concentrations detected
are presented in Table 5-3 (USACE, 1991a). The samples were analyzed for metals, pH,
PCBs, TRPH, cyanide, VOCs, and SVOCs. Sample locations are shown on Figure 1-3.

Complete laboratory results are listed in Appendix F of the final RI report (USACE, 1991a).
Six VOCs were detected in the soil samples: acetone, chlorobenzene, toluene, xylene,
chloroform, and methylene chloride. Chloroform and methylene chloride were present in
concentrations below the detection limit or also found in the laboratory blanks. It is probable
that the presence of these compounds in the blanks was due to laboratory contamination.
Acetone was indicated in all samples except SP-4. However, it was also detected in laborato-
ry blanks in all samples except SP-7 and SP-9. In the latter samples, acetone may have been
present as a contaminant. Chlorobenzene was indicated in one sample. Toluene and xylene
were indicated at levels slightly above detection limits in SP-2.

Ten SVOCs were detected in samples SP-4, SP-7, and SP-9. Phenol was indicated in two
samples at concentrations below and slightly above detection limits. Two samples indicated
that 4-chloroaniline was present above detection limits. Bis(2-ethylhexyl)phthalate was
indicated in all three samples at concentrations of 1300 to 2300 micrograms per kilogram
(ng/kg). Compounds below detection limits included 1,4-dichlorobenzene, 4-methylphenol,
phenanthrene, di-n-butyl phthalate, fluoranthene, pyrene, and chrysene. Fifteen to 20
tentatively-identified SVOCs were also present in each sample with maximum concentrations
of 5907, 54007, and 1100J in SP-4, SP-7, and SP-9, respectively.

PCBs were indicated in SP-7 and SP-9 at the detection limit. TRPH was indicated above the
detection limit (10 milligrams per kilogram [mg/kg]) in SP-4 at a concentration of 68 mg/kg.

Inorganic analytes detected include cyanide and metals. Cyanide was indicated in SP-4 and
SP-7 above the detection limit (0.05 mg/kg) at concentrations of 0.31 and 1.64 mg/kg,
respectively.

A total of ten additional composite samples were taken from the site during remediation
activities, which were completed in November 1992. The samples were taken from ground
level to a total depth of 8 feet. Five of the samples came from the upper 4 feet of soil and
construction debris, and five of the samples were taken from depths between 4 and 8 feet.
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Remedial Investigation Detection Frequencies

Table 5-3

and Soil Sample Maximum Concentrations

(USACE, 1991a)

SWMU-11, SP, Tinker AFB

KN/1256/SWMU11/SWMU11.5-3/03-23-94/D2 1:20pm

(Page 1 of 2)
Location of
No. No. Maximum Maximum
Detected Tested Concentration Concentration
Parameter
pH 7 7 8.18 SP-3
TRPH (mg/kg) 3 7 78 SP-7
PCB (mg/kg) 2 7 0.1 SP-7, SP-9
Cyanide (mg/kg) 2 7 1.64 SP-7
Metals (mg/kg)
Silver 1 7 33 SP-4
Arsenic 5 7 4.8 SP-7
Barium 7 7 1100 SP-7
Cadmium 7 7 34 SP-7
Chromium 7 7 130 SP-9
Mercury 0 7 <0.1
Nickel 7 7 27 SP-7
Lead 7 7 210 SP-7
Selenium 2 7 20 SP-7
Zinc 7 7 740 SP-9
Volatiles (LLg/kg)
Acetone 6 7 1700E SP-7
Chlorobenzene 1 7 130 SP-7
Toluene 1 7 6 SP-2
Total xylene 2 7 10 SP-2
Chloroform 7 7 25BJ SP-9
Methylene chloride 7 7 420B SP-7
5-7




Table 5-3

(Page 2 of 2)

Location of
No. No. Maximum Maximum
Detected Tested Concentration Concentration

Semivolatiles (La/kg)
Phenol 2 7 550 SP-9
1,4-Dichlorobenzene 2 7 220J SP-7
4-Methylphenol 1 7 4304 SP-9
4-Chloroaniline 2 7 1900 SP-7
Phenanthrene 2 7 140J SP-7
Di-n-butyl phthalate 1 7 61J SP-9
Fluoranthene 2 7 230J SP-7
Pyrene 3 7 330J SP-7
Chrysene 2 7 1704 SP-7
Bis(2-ethylhexyl)phthalate 3 7 2300 SP-7, SP-9

E = Concentration exceeded calibration range of instrument.

B = Analyte found in blank.
J = Estimated concentration.

KN/1256/SWMU11/SWMU11.5-3/03-23-94/D2 1:220pm
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These ten composite samples were analyzed by TCLP method to characterize the hazardous
constituents that potentially existed in the soil matrix.

Samples of the upper 4 feet of soil were used to characterize the construction debris removed
from the former pond for disposal. Results of the five TCLPs indicated four metals were
present at concentrations equal to or slightly above reporting limits. Barium and chromium
were detected in all the samples with a maximum concentration of 4.4 and 0.14 milligrams
per liter (mg/L), respectively. Cadmium was indicated in one sample with a concentration of
0.046 mg/L.. Lead was indicated in two of the samples with a maximum concentration of
0.77 mg/L.. No TCLP SVOCs, VOCs, or herbicides were detected in the five samples. Two
pesticides were present in the samples above reporting limits. Heptachlor was detected twice
at concentrations of 0.23 and 0.03 pug/l.. Endrin was detected in one sample at a concentra-
tion of 0.28 pg/l.. Both pesticides have a reporting limit of 0.1 pug/L. Based on these
analyses, the construction debris was disposed at an approved industrial landfill (Tinker,
1993a).

The other five soil samples were collected from the lower 4 feet and analyzed for TCLP
parameters. There were no SVOCs, VOCs, herbicides, or pesticides detected in the soils at
concentrations that exceeded TCLP hazardous characteristics. There were two metals detected
in all five of the soil samples analyzed. Arsenic and barium were detected with maximum
concentrations of 2.65 pg/L and 1.3 mg/L, respectively (Tinker, 1993a).

5.2.1 Background Volatiles Analysis

In June 1989, as part of the SP RI, three borings (FB-1 through FB-3) were drilled off site,
south of Crutcho Creek (Figure 1-3). Boring depths ranged from 7 to 10 feet. The purpose
of these borings was to establish background values of TOC and organics in nearby unsaturat-
ed soils unaffected by the SP, but still within the floodplain of Crutcho Creek. Composite
samples were obtained for analysis by taking soil from all auger flights from the ground
surface to the bottom of the borings. Samples were analyzed for VOCs, SVOCs, TOC, and
pH. Background TOC values ranged from 2,900 to 9,200 mg/kg with an average TOC value
of 6,433 mg/kg. The background TOC average was generally lower than the TOC average
from soil samples taken in the upper 5 feet of the SP, and generally higher than the TOC
average in soil samples below 5 feet (USACE, 1991a).

KN/1256/SWMU11/SWMU11.5/03-31-94/D6 6:51am 5-9



5.2.2 Establishment of Surficial Soil Background Concentrations

Background soil concentrations for trace metals were determined based on a study performed
by the USGS (1991). The study area was confined to approximately four counties in central
Oklahoma. Tinker AFB lies at the approximate center of this area. A total of 293 B-horizon
soil samples were collected throughout this area. Soil samples were collected at the top of
the B-horizon, which was usually 20 to 30 centimeters below the surface but ranged from 3 to
50 centimeters below the surface. For site-specific analytes for which the USGS offered no
background value, the analyte was compared to an applicable action level. The background

concentrations are presented in Table 5-4.

The use of B-horizon soil as selected by the USGS for metals background concentrations in
soil is conservative in that the soil sampled does not reflect all possible anthropogenic
influences. Most of the samples were obtained from hill crests and well drained areas in
pasture and forested land, well away from roadways to minimize contamination from
vehicular emissions (i.e., nearly "pristine” areas). Trace metal inputs to the study site soils on
Base, however, will come from anthropogenic sources outside of the study area, in addition to
those sources related to disposal activities or operations within the confines of the study site.
Therefore, responsibility may be taken for more trace metal impacts than are actually
attributable to a given site.

An additional level of conservatism was added in the manner in which the site-specific metals
concentrations were compared to the background levels. Typically, the environmental
concentrations of trace metals at study sites are represented by the arithmetic upper 95%
confidence interval on the mean of a normal distribution. This upper 95™ confidence interval
value is then compared to the background values. The intent of this typical approach is to
estimate a Reasonable Maximum Exposure case (i.e., well above the average case) that is still
within the range of possible exposures.

To expedite this comparison and establish greater conservatism, the maximum concentration
found at the site of concem, rather than the upper 95™ confidence interval value, was
compared to the USGS background values. If the environmental concentration of a particular
analyte was below or within the minimum-maximum range of the USGS background
concentrations, that analyte was considered to be naturally occurring and of no further
concem to this investigation. Given the conservative approach of the comparisons, site-

KN/1256/SWMU11/SWMU11.503-31-94/D6 6:51am 5-10



Table 5-4

Background Concentrations of Trace Metals in Surface Soils®
SWMU-11, SP, Tinker AFB

(Page 1 of 2)

Background Concentration Range

Analyte Lower Detection Limit Minimum Value Maximum Value

Concentration in %

Aluminum 0.005 0.38 8.9
Cadmium 0.005 0.01 9.4
Iron 0.005 0.18 5.8
Magnesium 0.005 0.02 5.3
Phosphorous 0.005 0.06 0.019
Potassium 0.05 0.1 24
Sodium 0.005 0.02 0.99
Titanium 0.005 0.04 0.42

Concentrations In ppm

Arsenic 0.1 0.6 21
Barium 1 47 6400
Beryllium 1 <1 3
Bismuth 10 <DL® <DL
Cadmium 2 <DL <DL
Cerium 4 14 110
Chromium 1 5 110
Cobalt 1 <1 27
Copper 1 <1 59
Europium 2 - -
Gallium 4 <4 23
Gold 8 <DL <DL
Holmium 4 <DL <DL
Lanthanum 2 7 51
Lead 4 <4 27
Lithium 2 5 100

KN/1256/SWMU11/SWMU11.5-4/04-04-94/D5 6:55am 5-11



specific metals concentrations would have to significantly exceed the USGS background
levels and be attributable to operations at the site before they would be considered a contami-

nant of concern.

Metals detected above maximum background values include chromium, lead, selenium, and
zinc. Samples from borings SP-7 and SP-9 (4.5 to 6.5 feet) generally contained the highest
levels of metals.

5.3 Groundwater Characterization

5.3.1 Remedial Investigation Groundwater Sampling

Chemical analyses of 24 groundwater samples collected during the RI from 13 piezometers
and 2 monitoring wells are summarized in Table 5-5. All wells in the vicinity of the SP were
installed as upgradient and/or downgradient wells for the SP and FTA1, and Landfills 1
through 6. No perimeter wells were available for use as background wells in the immediate
vicinity of the SP. Therefore, the background concentrations listed in Table 5-5 for ground-
water are taken from the Base groundwater assessment document prepared by USACE (1987).
Background wells were chosen to be representative of groundwater quality unaffected by
man-made contamination. They are not necessarily upgradient. USZ background concentra-
tions were computed by averaging concentrations detected in nine perimeter wells sampled
from May to June 1986: MW-22B, MW-23B, MW-41B, MW-42B, MW-43B, MW-45B,
MW-46B, MW-47B, and MW-48B. Top of regional (LSZ) background concentrations were
computed by averaging concentrations detected in three perimeter wells (MW-22A, MW-23A,
and MW-24A) sampled in March 1986. Partial samples were collected from the piezometers
on four dates. Well numbers, sampling dates, laboratory numbers, and parameters analyzed
are summarized in Table 5-6 (USACE, 1991a). The samples were analyzed for TOC, VOCs,
SVOCs, PCBs, total petroleum hydrocarbon (TPH), gross alpha, gross beta, radium, cyanide,
total dissolved solids (TDS), and metals. Some samples were not analyzed for all parameters
because piezometers yielded insufficient water for collection and analysis of all analytes.
Table 5-7 contains the detection limits and maximum concentrations for compounds found in
the USZ. A complete list of chemical results can be found in Appendix F of the final RI
report (USACE, 1991a). Sample locations are shown in Figure 1-3.

Upper Saturated Zone. Groundwater samples collected during the RI from the 13
piezometers and MW-85A are considered USZ samples. MW-61A and MW-62 were set in
the USZ and sampled as part of the FTA1 RI. Due to the proximity of these wells to the SP

KN/1256/SWMU11/SWMU11.5/03-31-94/D6 7:56pm 5-13



Table 5-5

Remedial Investigation Groundwater Sample Results
(USACE, 1991a)
SWMU-11, SP, Tinker AFB

(Page 1 of 3)

Piezometers
Woell/Piezometer No. SP-1 SP-2 SP-3 SP4 SP-5 SP-6 SP-7
10/89 10/89 10/89 10/89

Collection Date 11/89 11/89 11/89 11/89 11/89 11/89 11/89
Location in or out of SP Fill Area Out Out In In Out Out In

Drinking

Water Background

Standard Concentration
Parameter or MCL Perched Zone
pH 7.10 6.51 6.88 7.70 7.23 7.44 6.98 8.66
Conductivity (umhos/cm) 684 680 1010 1630 1280 1050 1090 860
TDS (mg/L) 570 NA NA NA 960 NA 600
PCB (ug/L) <0.5 <0.5 <0.5 NA NA NA NA
TOC (mg/L) 3.90 57 124 16.8 13.4 443 7.08 26.2
TPH (mg/L) <0.5 NA NA NA <0.5 NA 64
Cyanide (mg/L) <0.2 <0.20 NA NA NA 0.20 NA 0.20
Radiometrics
Gross alpha (pCill) 15 55.2 NA 95 + 37 75 + 30 NA NA NA NA
Gross beta (pCill) 50 106.8 NA 215+ 19 109 + 15 NA NA NA NA
Radium (pCil) 5 NA 29+3 14+2 NA NA NA NA
Metals (1g/L)
Arsenic 50 10 NA 9 12 NA NA NA NA
Barium 1000 1110 NA 420 200 NA NA NA NA
Cadmium 10 10 NA 6 <5 NA NA NA NA
Chromium 50 46 NA 5.2 <5 NA NA NA NA
Mercury 2 <0.4 NA 0.12 0.12 NA NA NA NA
Lead 50 57 NA 61 13 NA NA NA NA
Nickel 101 NA 36 19 NA NA NA NA
Selenium 10 21 NA <0.4 <04 NA NA NA NA
Silver 50 10
Zinc 5000 110
Volatiles (ng/L)
Acetone <10 <10 <10 <10 <10 <10 49
Chlorobenzene <5 <5 <5 <5 <5 <5 <5
Carbon disulfide <5 <5 <5 <5 <5 <5 <5
Trichloroethene 50 <5 <5 <5 <5 <5 <5 <5
Methylene chloride <5 <5 <5 12 <5 <5 <5
Semivolatlles (ug/l)
Benzoic acid J4 NA NA <50 NA <50 NA
Di-n-octyl phthalate <10 NA NA <10 NA J2 NA
Bis(2-ethylhexyl)phthalate BJ 3 NA NA J5 NA <10 NA
Bis(2-chloroisopropyl)ether <10 NA NA <10 NA <10 NA
4-Nitroaniline <50 NA NA <50 NA <50 NA
Di-n-butyl phthalate <10 NA NA <10 NA <10 NA
1,2,4-Trichlorobenzene <10 NA NA <10 NA <10 NA
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Table 5-5

(Page 2 of 3)

Piezometers
Woell/Piezometer No. SP-8 SP-9 SP-10 SP-11 SP-12 SP-13
10/89

Collection Date 11/89 11/89 11/89 11/89 11/89 11/89
Location in or out of SP Fill Area In In In Out Out In

Drinking

Water Background

Standard or Concentration
Parameter MCL Perched Zone
pH 7.10 7.80 7.18 712 6.77
Conductivity (nmhos/cm) 684 920 2830 1770 670
TDS (mg/L} NA 1500 NA 710
PCB (ug/L) NA NA <0.5 <0.5
TOC (mg/L) 3.90 123 134 17.8 126
TPH (mg/L) NA 1.1 NA <0.5
Cyanide (mg/L) <0.2 NA 0.20 NA 0.20
Radiometrics
Gross alpha (pCi/L) 15 55.2 NA NA 13+ 10 76 + 34
Gross beta (pCi/l) 50 106.8 NA NA 49 + 13 312+22
Radium (pCilL) 5 NA NA 4+2 56 + 4
Metals (ug/L)
Arsenic 50 10 NA NA 17 17
Barium 1000 1110 NA NA 260 1100
Cadmium 10 10 NA NA <5 18
Chromium 50 46 NA NA <5 39
Mercury 2 <0.4 NA NA <0.1 <0.1
Lead 50 57 NA NA <10 100
Nickel 101 NA NA 13 71
Selenium 10 2.1 NA NA <0.4 <0.4
Silver 50 10
Zinc 5000 110
Volatiles (ng/L)
Acetone <10 <10 <10 15
Chlorobenzene <5 5 24 <5
Carbon disulfide <5 <5 <5 <5
Trichloroethene 5.0 <5 <5 <5 <5
Methylene chloride BJ 2 <5 <5 <5
Semivolatiles (pg/L)
Benzoic acid <50 <50 NA <50
Di-n-octyl phthalate J2 <10 NA <10
Bis(2-ethylhexyl)phthalate 14 <10 NA <10
Bis(2-chloroisopropyl)ether <10 J5 NA <10
4-Nitroaniline <50 J3 NA <50
Di-n-butyl phthalate <10 <10 NA <10
1,2,4-Trichlorobenzene <10 <10 NA <10
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Table 5-5

(Page 3 of 3)

Monitoring Well
Well/Piezometer No. MW-85A MW-85A MW-85B | MW-85B
Collection Date 11/89 5/8/90 11/21/89 | 5/8/90
Top of Top of
Aquifer Zone Perched Perched Regional | Regional
Drinking Background
Water Background Concentration
Standard or Concentration Top of
Parameter MCL Perched Zone Regional
pH 7.10 9.80 6.94 6.85 7.53 7.41
Conductivity (umhos/cm) 684 718 740 1041 510 763
TDS (mg/L) 600 NA 430 NA
PCB (ug/L) <1.0 NA <1.0 NA
TOC (mg/L) 3.90 5.30 2.85 4.02 243 0.836
TPH (mg/L) <0.5 NA <05 NA
Cyanide (mg/L) <0.2 <0.20 0.20 <0.01 <0.20 <0.01
Radiometrics
Gross alpha (pCill) 15 552 37 14+ 8 NA 25+ 15 NA
Gross beta (pCill) 50 1068 9.3 8+8 NA 42 + 19 NA
Radium (pCill) 5 12+07 NA 21+3 NA
Metals (ug/L)
Arsenic 50 10 2 17 <1.0 5.9 25
Barium 1000 1110 663 460 83.2 1200 112
Cadmium 10 10 <7.5 <5 16 <5 17.2
Chromium 50 46 <10 <5 <10 8 <10
Mercury 2 <0.4 <0.4 <0.1 <0.2 <0.1 <0.2
Lead 50 57 48 13 <20 14 <20
Nickel 101 33 10 <15 13 <15
Selenium 10 2.1 05 <04 <1.0 <04 <1.0
Silver 50 10 10 <10 NA <10
Zinc 5000 110 120 105 NA <10
Volatiles (ng/l)
Acetone <10 <10 <10 <10
Chlorobenzene <5 <5 <5 <5
Carbon disuffide J1 <5 <5 <5
Trichloroethene 5.0 J1 <5 <5 <5
Methylene chloride <5 <5 J1 <5
Semivolatiles (ng/l.)
Benzoic acid >50 <50 <50 <50
Di-n-octyl phthalate J2 <10 12 <10
Bis(2-ethylhexyl)phthalate <10 J5 13 24
Bis(2-chloroisopropyl)ether <10 <10 <10 <10
4-Nitroaniline <50 <50 <50 <50
Di-n-butyl phthalate Jo0.7 <10 <10 <10
1,2,4-Trichlorobenzene <10 <10 <10 <10
J = Estimated concentration below detection limit.
E = Concentration exceeded calibration range of instrument.
B = Analyte found in blank.
NA = Not analyzed.
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Table 5-6

Groundwater Samples Collected During Remedial Investigation
(USACE, 1991a)
SWMU-11, SP, Tinker AFB

(Page 1 of 2)

Well/Piezometer Date Laboratory
Number Sampled Number Parameters

SP-1 10/24/89 9-1925 TOC, VOC, SVOC, PCB

SP-3 10/24/89 9-1926 TOC, vOC

SP-4 10/24/89 9-1927 TOC, VOC

SP-7 10/24/89 9-1928 TOC, VOC

SP-8 10/24/89 9-1929 TOC, VOC

SP-9 11/05/89 9-2009 TOC, VOC, SVOC

SP-10 11/05/89 9-2010 TOC, VOC, PCB

SP-11 11/05/89 9-2011 TOC, VOC, SVOC, PCB, Radiometrics, Cyanide, TDS, TPH,
Metais

SP-13 11/05/89 9-2012 TOC, VOC, SVOC, PCB

SP-4 11/06/89 9-2013 SVOC

SP-5 11/06/89 9-2014 TOC, VOC, TDS, TPH, Cyanide

SP-6 11/06/89 9-2015 TOC, VOC, SVOC

SP-9 11/06/89 9-2016 TDS, TPH, Cyanide

SP-10 11/06/89 9-2017 Metals, Radiometrics

SP-1 11/07/89 9-2021 TDS, TPH, Cyanide

SP-2 11/07/89 9-2022 TOC, VOC, Radiometrics, PCB, Metals

SP-3 11/07/89 9-2023 Radiometrics, PCB, Metals

SP-7 11/07/89 9-2024 TDS, TPH, Cyanide

SP-8 11/07/89 9-2025 SvVoC

SP-12 11/07/89 9-2026 TOC, VOC, Radiometrics, PCB

MW-85A 11/21/89 9-2041 TOC, VOC, SVOC, PCB, Radiometrics, Cyanide, TDS, TPH,
Metals

Mw-85B 11/21/89 9-2042 TOC, VOC, SVOC, PCB, Radiometrics, Cyanide, TDS, TPH,
Metals

85A Equipment 11/21/89 9-2043 TOC, VOC, SVOC, PCB, Radiometrics, Cyanide, TDS, TPH,

Blank Metals

KN/1256/SWMU11/SWMU11.5-6/03-23-94/D4 6:04am
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Table 5-6

(Page 2 of 2)

Woell/Piezometer Date Laboratory
Number Sampled Number Parameters
Travel Blank 11/21/89 9-2044 TOC, VOC, SVOC, PCB, Radiometrics, Cyanide, TDS, TPH,
Metals

MW-85A 05/08/90 0-1318 TOC, VOC, SVOC, Cyanide, Chioride, Sulfate, Metals
MW-85B 05/08/90 0-1319 TOC, VOC, SVOC, Cyanide, Chloride, Sulfate, Metals

85B Equipment 05/08/90 0-1320 TOC, VOC, SVOC, Cyanide, Chloride, Sulfate, Metals
Blank

Travel Blank 05/08/90 0-1321 TOC, VOC, SVOC, Cyanide, Chloride, Sulfate, Metals

TOC = Total organic carbon
VOC = Volatile organic compounds
SVOC = Semivolatile organic compounds

PCB = Polychlorinated biphenyls
TDS = Total dissolved solids

TPH = Total petroleum hydrocarbons

KN/1256/SWMU11/SWMU11.5-6/03-23-94/D4 6:04am
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Table 5-7

Remedial Investigation Detection Frequencies and Groundwater Sample
Maximum Concentrations, Upper Saturated Zone

(USACE, 1991a)

SWMU-11, SP, Tinker AFB

(Page 1 of 2)

KN/1256/SWMU11/SWMU11.5-7/04-04-94/D5 6:06am

No. No. Maximum Location of Maximum
Detected Tested Concentration Concentration
Parameter
pH 15 15 8.66 SP-7
Conductivity (pmhos/cm) 15 15 2830 SP-9
TDS (mg/L) 6 6 1500 SP-9
PCB (ug/L) 0 8 <1.0
TOC (mg/L) 15 15 262 SP-7
TPH (mg/L) 2 6 6.4 SP-7
Cyanide (mg/L) 5 7 0.20 SP-5, SP-7, SP-9,
SP-11, MW-85A
Radiometrics >MCL | >BKG
Gross alpha (pCilL) 6 4 6 95 +-37 SP-2
Gross beta (pCi/L) 5 4 6 312 +-22 SP-11
Radium (pCi/L) 5 - 6 56 +-4 SP-11
Metals (ng/L) >MCL | >BKG
Arsenic 0 3 6 17 SP-10, SP-11
Barium 1 0 6 1100 SP-11
Cadmium 2 2 6 18 SP-11
Chromium 0 0 6 39
Mercury 0 0] 6 0.12
Lead 2 2 6 100 SP-11
Nickel - 0 6 71
Selenium 0 0 6 <1.0
Silver 0 0] 1 <10
Zinc 0 0 1 10.5
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Table 5-7

(Page 2 of 2)

No. No. Maximum Location of Maximum
Detected Tested Concentration Concentration

Volatiles (ug/L)

Acetone 3 15 49 SP-7
Chiorobenzene 3 15 24 SP-10
Carbon disulfide 1 15 1J MW-85A
Trichloroethene 1 15 1J MW-85A
Methylene chloride 3 15 12 SP-4
Semivolatiles (ug/L)

Benzoic acid 1 9 4J SP-1
Di-n-octyl phthalate 3 9 2J SP-6, SP-8, MW-85A
Bis(2-ethylhexyl)phthalate 4 9 14 SP-8
Bis(2-chloroisopropyl)ether 1 9 5J SP-9
4-Nitroaniline 1 9 3J SP-9
Di-n-butyl phthalate 1 9 07J MW-85A
1,2,4-Trichlorobenzene 0] 9 <10

MCL = Maximum Concentration Level

BKG = Background
J = Estimated Concentration
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site, the chemical summary data tables for those wells are presented in Appendix J of the SP
report (USACE, 1991a). VOCs present above detection limits included acetone, chlorobenze-
ne, and methylene chloride at respective maximum concentrations of 49, 24, and 12 pg/L.
Acetone was present at a concentration slightly above the detection limit. Chlorobenzene was
well below the MCL of 100 pg/L, and methylene chloride exceeded the S pg/LL MCL. Since
the indicated concentrations were relatively low and these compounds are common laboratory
contaminants, the RI report concluded that the laboratory was probably the source of the
contamination. Carbon disulfide and TCE were both indicated at a concentration of 1 pug/L in
a sample from MW-85A collected on November 21, 1989. These compounds were not
detected in a subsequent sample collected on May 8, 1990, and the earlier result was not a
significant concentration. Carbon disulfide had no MCL at that time. The MCL for TCE is 5
ng/L, well above the concentration detected.

The only SVOC indicated at a concentration above detection limits was bis(2-ethylhexyl)
phthalate in the sample from SP-8 (14 pg/L), and this compound only slightly exceeded its
detection limit of 10 pg/L. Other SVOCs indicated at concentrations below detection limits
include benzoic acid, di-n-octyl phthalate, bis(2-chloro-isopropyl)ether, 4-nitroaniline, and di-
n-butyl phthalate.

PCBs and cyanide were not detected in any of the samples analyzed during the RI. The
piezometers yielded insufficient water for collection and analysis of a full suite of analytes
from each piezometer. Analyses for gross alpha and gross beta emissions and radium were
performed on samples from five piezometers (SP-2, SP-3, SP-10, SP-11, and SP-12) and
MW-85A. Indicated levels for these analytes were above background levels for samples from
SP-2, SP-3, SP-11, and SP-12. The highest level of gross alpha detected was 95 plus or
minus 37 picocuries per liter (pCi/L) in SP-2 compared to the MCL of 15 pCi/L. The
maximum gross beta detected was 312 plus or minus 22 pCi/L in SP-11 compared to the
MCL of 50 pCy/L. The maximum radium detected was 56 plus or minus 4 pCi/L compared
to the MCL of 5 pCi/L. All radiometric parameters in the USZ were below the MCLs in the
November 1989 sample taken from MW-85A.

Metals were not indicated at concentrations significantly above background concentrations
and/or drinking water standards in USZ groundwater samples from the SP. Arsenic was
indicated at concentrations slightly above background in samples from SP-3, SP-10, and SP-
11 (12, 17, and 17 pg/L, respectively). Barium, cadmium, and lead were indicated at
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concentrations of 1100, 18, and 100 pg/L, respectively, in the sample from SP-11. These
concentrations are slightly higher than background and/or drinking water standards.

Lower Saturated Zone. MW-85B is the well nearest the SP that was completed in the
LSZ during the RI. This well was sampled twice as part of the SP RI. The results of these
two samples are presented in Table 5-5. The detection frequency and maximum concentra-
tions are found in Table 5-8. A complete list of chemical results can be found in Appendix F
of the final RI report (USACE, 1991a). MW-61B was in the LSZ and was sampled as part of
the Landfills 1 through 6 and FTA1 RIs. Due to the proximity of this well to the SP,
chemical summary data may be of interest with respect to the SP. The data tables can be
found in Appendix J of the SP report.

Only one VOC, methylene chloride, was detected in groundwater samples from MW-85B, at
a concentration of 1 pg/L.. This compound is a common laboratory contaminant and currently
has no MCL.

SVOCs indicated include di-n-octyl phthalate and bis(2-ethylhexyl)phthalate at maximum
concentrations of 12 and 24 pg/L, respectively. Di-n-octyl phthalate was indicated in only
one analysis. Bis(2-ethylhexyl)phthalate was indicated in travel blanks for both sampling
events and in the equipment blank for the second sample. Detection limits for these com-
pounds are 10 ng/l.. These compounds were either not actually present or occurred only at
concentrations slightly above detection limits. Phthalates are common plasticizers frequently
found in laboratory equipment. At the levels detected in these samples, the phthalates were
probably laboratory contaminants. PCBs, TPH, and cyanide were not detected. TOC
concentrations were below background levels.

In the November 1989 sample taken from MW-85B, gross alpha, gross beta, and radium were
detected at 25 plus or minus 15, 42 plus or minus 19, and 21 plus or minus 3 pCi/L,
respectively. These values exceeded background levels. Radium exceeded the drinking water
standard of 5 pCi/L; both gross alpha and gross beta were present in concentrations less than
drinking water standards of 15 and 50 pCi/L, respectively.

Arsenic was indicated at concentrations of 2.5 to 5.9 pg/L, which was slightly above the

background concentration of 2 pg/L, but below the drinking water standard of 50 pg/L.
Barium and cadmium concentrations varied from 112 to 1200 pg/L and from undetected to
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Table 5-8

Remedial Investigation Detection Frequencies
and Groundwater Sample Maximum Concentrations
Lower Saturated Zone
(USACE, 1991a)

SWMU-11, SP, Tinker AFB

(Page 1 of 2)

Location of
No. No. Maximum Maximum
Detected Tested Concentration Concentration
Parameter
pH 2 2 7.53 MW-85B
Conductivity (umhos/cm) 2 2 763 MW-85B
TDS (mg/L) 1 1 430 MW-85B
PCB (ug/L) 0 1 <1.0
TOC (mg/L) 2 2 2.43 MW-858
TPH (mg/L) 0 1 <0.50
Cyanide (mg/L) 0 2 <0.20
Radiometrics >MCL | >BKG
Gross alpha (pCi/l) 1 0 1 25+ 15 MW-85B
Gross beta {pCi/L) 1 0 1 42+ 19 MW-85B
Radium (pCi/L) 1 - 1 21+ 3 MW-85B
Metals (ng/L) >MCL | >BKG
Arsenic 0 2 2 5.9 MW-85B
Barium 1 1 2 1200 MW-85B
Cadmium 1 1 2 17.2 MW-85B
Chromium 0 0 2 8 MW-85B
Mercury 0 0 2 <0.2
Lead 0 0 2 14 MW-85B
Nickel - 0 2 13 MW-85B
Selenium 0 0] 2 <1.0
Silver 0 0 1 <10
Zinc 0 0 1 <10.5
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Table 5-8

(Page 2 of 2)

Location of
No. No. Maximum Maximum
Detected Tested Concentration Concentration
Volatiles (pg/L)
Acetone 0 2 <10
Chlorobenzene 0 2 <5
Carbon disulfide 0 2 <5
Trichloroethene 0 2 <5
Methylene chloride 1 2 1J MW-85B
Semivolatiles (ug/L)
Benzoic acid 0 2 <50
Di-n-octyl phthalate 1 2 12 MW-85B
Bis(2-ethylhexyl)phthalate 2 2 24 MW-85B
Bis(2-chloroisopropyl)ether 0 2 <10
4-Nitroaniline 0 2 <50
Di-n-butyl phthalate 0 2 <10
1,2,4-Trichlorobenzene 0 2 <10
MCL = Maximum Concentration Level
BKG = Background
J = Estimated Concentration
KN/1256/SWMU11/SWMU11.5-803-31-94/D7 6:09am 5-24



17.2 png/L, respectively. The higher concentrations for both metals slightly exceeded
background concentrations and drinking water standards.

5.3.2 Remediation Groundwater Sampling

During remediation of the SP, three new monitoring wells (one in the USZ and two in the
LSZ) were installed.. Groundwater collected from the wells was analyzed for metals, VOCs,
and SVOCs. Methylene chloride and bis(2-ethylhexyl)phthalate were detected in all the
groundwater samples; the maximum concentrations detected for these two compounds were
15 and 10 pg/L, respectively. Both methylene chloride and bis(2-ethylhexyl)phthalate were
detected in the laboratory blanks and can be attributed to laboratory contamination. Chromi-
um was found in the LSZ at a maximum concentration of 0.05 mg/L, which was equal to the

MCL (Tinker, 1992).

5.3.3 Postremediation Groundwater Sampling

Remediation of the SP was completed in November 1992. Since the completion of the
project, the permanent on-site monitoring wells have been sampled during the annual base-
wide monitoring program. A summary of the postremediation groundwater monitoring results
is presented in Table 5-9 (Tinker, 1993a).

No contamination was found in wells MW 2-12 and MW 2-13 located upgradient of the site
in the LSZ. Fourteen VOCs were detected in well MW-62 upgradient of the site in the USZ.
Two metals and five VOCs were detected in monitoring well MW 2-11 downgradient of the
site in the USZ. Eight VOCs were present in MW-85A downgradient of the site in the USZ.
With the exception of isopropylbenzene, all chemicals detected were higher in well MW-62
upgradient of the site in the USZ than in any of the downgradient wells. None of the
constituents detected downgradient of the site exceeded their individual MCL. As previously
noted, MCLs were used only as a comparison since none of the constituents detected directly
undemeath or downgradient of the site exceeded MCLs.
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Table 5-9

Postremediation Summary of Groundwater
Monitoring Results
(Tinker, 1993a)
SWMU-11, SP, Tinker AFB

MW-85A
Parameters MW-62 MW 2-11 11/23/92 7/18/93

Arsenic (mg/L) ND 0.0081 ND ND
Barium (mg/L) ND 3.7 174 ND
Cis-1,2-dichloroethene (pg/L) 2 0.9 2 ND
Trichloroethene (ug/L) 78 2 11 4
Chlorobenzene (ug/L) 3 9 2 ND
1,4-Dichlorobenzene (ng/L) 2 2 ND ND
1,2-Dichlorobenzene (ug/L) 3 0.9 0.9 ND
Carbon tetrachloride (ng/L) ND ND ND ND
1,1-Dichloroethene (ug/L) ND ND 0.6 ND
Tetrachloroethene (ug/L) 14 ND 4 ND
Ethyl benzene (ug/L) 2 ND 2 2
Isopropylbenzene (ug/L) 0.5 ND 5 ND
Toluene (pg/L) 2 ND 0.7 19
p-Xylene (ug/L) 0.6 ND ND 7
m-Xylene (ug/L) 0.6 ND ND 7
o-Xylene (ug/L) 2 ND 0.5 4
n-Propylbenzene (ug/L) 0.7 ND ND ND
1,3-Dichlorobenzene {(ug/L) 1 ND ND ND
Chiloroform - - ND 2
Benzene - - B4

Dimethy! phthalate - - 14 ND
Methylene chloride - - B6 1
Naphthalene - - B2 ND
1,2,4-Trimethylbenzene - - ND 2
TOC - - 54 -
TDS - - 556 -

B = Analyte found in blank.
ND = Not detected.
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6.0 Baseline Risk Assessment/Potential Receptors

A human health risk assessment and ecological assessment (USACE, 1994) has been
performed for the SP site. These assessments, which include evaluation of human and
ecological receptors, are briefly summarized in Sections 6.1 and 6.2, respectively.

6.1 Human Receptors

The SP was an unlined formation originally covering approximately 6,400 ft that was used
from 1954 to 1970 to contain sewage effluent. The pond was used until 1980 as a disposal
site for liquid wastes generated by base operations, including petroleum hydrocarbon sludges,
solvents, and cyanide-containing liquids. After 1980, soil fill was placed in the depression
left from disuse of the pond. The soil fill underwent significant settlement and was unable to
support the growth of vegetation. Additional fill (construction rubble) was placed on the site
and covered with a layer of soil. The site currently appears as a level, grass-covered area of
approximately 25,000 fi2. Subsurface soil and the USZ of groundwater are contaminated with
organic compounds and heavy metals.

However, it is virtually impossible for contaminants from the site to influence the useable
regional groundwater zone because of the great vertical and horizontal distance to regional
aquifer zone use points, and impedements to contaminant movement in the area. The LSZ is
overlain by approximately 50 feet of sandstone and shale.

The only complete exposure pathway was considered to be inhalation of VOCs from soil by
on-site workers. The chemicals of concern that emerged from various EPA-approved
screening processes were tetrachloroethene and 1,1,1-trichloroethane. Total cancer risk
(attributed only to tetrachloroethene) was estimated to be 2 x 10'12, well below the EPA
acceptable range of 1 x 100 to 1 x 10%. The hazard index for noncarcinogenic risk was 7 x
10”7, well below the target value of one.

6.2 Ecological Risks/Receptors

Exposure pathways for ecological receptors were considered to be incomplete, precluding
contact of vegetation or wildlife with site-related contamination; therefore, ecological risks
were not quantified.
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7.0 Action Levels

An "action level” is defined by EPA in proposed rule 40 CFR 264.521 (55 FR 30798;
7/27/90), "Corrective Action for Solid Waste Management Units (SWMU) at Hazardous
Waste Management Facilities,” as a health- and environment-based level, determined by EPA
to be an indicator for protection of human health and the environment. In the preamble to
this proposed rule, the focus of the RFI phase is defined as "characterizing the actual environ-
mental problems at the facilities." As part of this characterization, a comparison of the
contaminant concentrations to certain action levels should be made to determine if a signifi-
cant release of hazardous constituents has occurred. This comparison is then used to
determine if further action or corrective measures are required for a SWMU or an AOC. The
preamble to the proposed rule states that the concept of action levels was introduced because
of the need for "a trigger that will indicate the need for a Corrective Measures Study (CMS)
and below which a CMS would not ordinarily be required” (55 FR 30798; 7/27/90). If
constituent concentrations exceed certain action levels at a SWMU or an AOC, further action
or a CMS may be warranted; if constituent concentrations are below action levels, a finding
of no further action may be warranted. This chapter of the report presents the initial
analytical data as compared to certain potential action levels.

Action levels are concentrations of contaminants at or below which exposure to humans or
the environment should not produce acute or chronic effects.

The action level information is presented in this chapter so that a constituent concentration at
a sample location can be compared with its potential action level. Only constituents identi-
fied in the analysis are listed in the SWMU-11, SP table. Table 7-1 shows the action levels
for soil, water, and air as published in federal or state regulations, policies, guidance docu-
ments, or proposed rules.

The action levels listed in Table 7-1 are:
« SWMU Corrective Action Levels (CAL) - The first set of action levels
provided in the table are those taken from the proposed rule (40 CFR 264.521)

and provided as Appendix A to the rule as "Examples of Concentrations Meeting
Criteria for Action Levels." These levels are health-risk based and are provided
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