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EXECUTIVE SUMMARY

This Remedial Investigation Workplan addresses the scope of the remedial
investigation (RI) activities planned for implementation at the Soldier
Creek site at Tinker Air Force Base (AFB). It describes the activities to

be completed, the schedule, and the expected deliverables.

Tinker AFB is located southeast of Oklahoma City in central Oklahoma. The
main portion of Soldier Creek is located to the east of Tinker AFB,
however, two tributaries (West and East Soldier Creeks) originate on the
base. The Soldier Creek site, a National Priorities List site, includes
Soldier Creek, its tributaries, and any area underlying or adjacent to the
water way which may be contaminated by the migration of hazardous
substances, pollutants, or contaminants from Tinker AFB (EPA, 1988a).
Tinker AFB is conducting a remedial investigation and feasibility study at

the site under the U.S. Air Force's Installation Restoration Program.

The workplan’'s site description includes a summary of the previous
investigations and analytical data pertinent to the understanding of
existing environmental conditions at the site. Studies completed over the
past several years provide limited information on surface water,
groundwater, and sediment contamination. This existing data was reviewed
and used to prepare a preliminary risk assessment for the Soldier Creek

site.

A preliminary risk assessment was prepared during RI  workplanning
activities to identify the information that must be gathered during the
field investigation in order to complete a baseline risk assessment. For
the Soldier Creek site, the preliminary risk assessment identifies a subset
of all contaminants detected during previous site investigations as the
preliminary contaminants of concern for the site. Metals (including
cadmium, chromium, copper, and 1lead); volatile organics (including
trichloroethene and 1,2-dichlorobenzene); and cyanide were identified as

preliminary contaminants of concern. The preliminary risk assessment
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identifies potential migration  pathways (surface water/sediment,
groundwater, and air), exposure routes (ingestion, dermal contact and
inhalation), and potential receptors (on-base and off-base human, aquatic,
and wildlife populations) for the site. This process identifies missing
information such as lateral, vertical, and downstream extent of sediment
contamination; contaminant concentrations in the sediment, surface and
groundwater; and quantification of the potentially exposed populations
which must be <collected during the RI in order for a baseline risk

assessment to be completed.

The workplan also preliminarily identifies the applicable or relevant and
appropriate requirements (ARARs) for the Soldier Creek site. By law, any
remedial action selected for a site must not only assure protection of
human health and the environment, but must meet the ARARs. There are three
types of ARARs: chemical-specific, location-specific, and action-specific.
Chemical-specific ARARs set protective levels for the media of interest
(i.e. sediment, surface water, groundwater, and air) or set a discharge
level if discharge is required as part of the remediation.
Location-specific ARARs restrict concentrations with regard to locations
such as wetlands, floodplains, and sensitive habitats. Action-specific
ARARs are established by the remedial action itself and therefore define
such items as performance levels or residual amounts. By establishing
preliminary ARARs for the Soldier Creek site the workplan also identifies

data gaps to be filled by the RI field investigation.

The preliminary identification of remedial action objectives and remedial
alternatives focuses the RI data gathering efforts into those activities
which will collect information needed to develop and evaluate mitigation
measures for the site. The RI Workplan scopes the field work to gather the
data necessary for site characterization and to provide the basis for the
subsequent feasibility study, remedial design, and remedial action. When
the remedial action objectives are satisfied, either sources of
contamination are eliminated, contaminant transport is mitigated, or

receptor exposure is prevented. The workplan restates the following
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remedial action objectives presented in the Data Quality Objectives Report:
(1) prevent human and animal contact with or ingestion of contaminated
sediments, surface, or groundwater; (2) prevent the release or transport of
contaminants from any one of the three above-mentioned media to another:
(3) prevent the degradation of surface and groundwater by on-base sources;
and (4) prevent the inhalation of contaminants via use of contaminated

groundwater.

Consideration is given to the remedial action alternatives most likely to
be developed during the feasibility study because certain information will
be required for their evaluation, design, and implementation. The RI
Workplan identifies three sediment alternatives: (1) containment  of
contaminated sediments by in situ measures such as channel diversions,
drainage controls, and retaining dikes; (2) containment and in situ
treatment of dry drainage ways by stabilization or vitrification; and (3)
removal (dredging or backhoe), surface controls, treatment
(physical/chemical for the inorganics and biological, chemical, or
physical/chemical for the organics), and disposal of treated sediments
on-base or off-base. The one surface water alternative the workplan
identifies involves collection of contaminated surface water, treatment,
and discharge into Soldier Creek or a wastewater treatment facility.
Contaminated groundwater may be contained by a physical barrier such as
a slurry wall or a grout curtain or contained hydraulically by french
drains or wellpoints. Hydraulic containment would require treatment of the
extracted groundwater and discharge to the creek or to a wastewater
treatment facility. A similar alternative would be to extract the
contaminated groundwater but for the purpose of active restoration rather
than containment. One final alternative would be to provide active restora-
tion by in situ treatment methods such as permeable treatment beds or bio-

reclamation.

The Soldier Creek RI has been subdivided into two phases to collect data
and allocate resources more efficiently. The workplan describes the Phase I

field investigation and sample/data analysis activities in detail. Since
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the Phase IT activities depend to a large measure on the results and inter-
pretation of the Phase I data, the Phase II investigation is described in
general terms. The workplan mentions the acquisition of easements and
permits required for access to private property. It also mentions support
activities such as equipment procurement and mobilization, analytical
laboratory subcontracting, and acquisition of sample bottles and shipping
containers. The sediment, surface water, and groundwater sampling; the
field survey; and the RI-derived waste handling activities are described in

depth in the workplan. These activities may be summarized as follows:

o Approximately 84 gsediment samples (not including blanks or
duplicates) taken from two depths at 42 locations will be
submitted for chemical analysis of acid, base/neutral
extractables, metals and cyanide. An additional 84 samples taken
from two depths at 42 locations will be submitted for wvolatile
organic analysis and total organic carbon, and 16 samples will be
submitted for physical parameter analysis (i.e. particle size,
Atterberg limits, density, and permeability). One sediment
background sample will be collected off-base and analyzed for the
above-mentioned chemical parameters.

o Approximately 42 surface water samples (not including blanks or
duplicates) will be analyzed for the same chemical parameters as
the sediment samples. Sixteen samples will be analyzed for

alkalinity, hardness, chemical oxygen demand, total suspended
solids, biochemical oxygen demand, total organic carbon, oil and
grease, and nitrates. One surface water background sample will
be collected off-base and analyzed for the above-mentioned
chemical parameters.

o At eight existing, off-base wells, groundwater levels will be
measured and unfiltered samples will be collected and analyzed
for the same chemical parameters as the surface water and
sediment samples. Three filtered samples will be collected and
analyzed for dissolved metals. No background groundwater sample
will be collected as previous investigations conducted on Tinker
AFB have established background groundwater chemical
concentrations for the site vicinity.

o A field survey will be conducted which will establish the stream
bed profile at each sampling location and at stations located
every 100 feet along the length of the creek within the Phase I
RI study area. The field survey team will also measure flow
velocity at each sampling location and at stations located every
500 feet along the length of the creek within the study area.
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The survey team will establish the location of outfalls and
drains discharging to the «creek within the study area and note
surrounding area land use characteristics of potential importance
to the project.

o} RI-derived waste includes containerized excess sediment from
sampling activities, decontamination solutions, and personal
protective clothing. All RI-derived wastes will be
containerized in 55 gallon drums with the drums staged at a
designated location on-base. Following receipt of sample
results, the disposal location of each type of RI-derived waste
will be determined. Tinker AFB is the generator of RI-derived

waste from this investigation and Tinker AFB personnel will sign
manifests for its transport and disposal.
Samples will be tracked from the point of collection through review of
analytical results. Data will be wvalidated, reduced, and entered into a
computerized database to facilitate data manipulation, evaluation, and

reporting.
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1.0 INTRODUCTION

This workplan defines the scope of work for the performance of remedial
investigation activities for the Tinker Air Force Base-Soldier Creek
Remedial Investigation (RI)/Feasibility Study (FS). A brief summary of the
site location and history, a discussion of the authority for the work, and
an explanation of the purpose and scope of the RI Workplan are included in

this section.

1.1 SUMMARY OF SOLDIER CREEK SITE LOCATION AND HISTORY

Tinker Air Force Base (AFB) is located southeast of the Oklahoma City
metropolitan area, bordering on Del City and Midwest City in central
Oklahoma as illustrated on Figure 1-1. The main portion of Soldier Creek
is located to the east of Tinker AFB, however, two tributaries (West and
East Soldier Creeks) originate on the base. Soldier Creek flows to the
north from its headwaters near Southeast 59th Street to its confluence with
Crutcho Creek approximately six miles downstream. The Soldier Creek site
includes Soldier Creek, its tributaries, and any area wunderlying or
adjacent to the waterway which may be contaminated by the migration of
hazardous substances, pollutants, or contaminants from Tinker AFB (EPA,

1988a).

For purposes of the Tinker AFB - Soldier Creek RI/FS project, West Soldier
Creek is identified as the tributary which originates on the west side of
Building 3001 and flows northward to its confluence with Soldier Creek
approximately two miles downstream. East Soldier Creek is identified as
the tributary which flows northward along the east side of Building 3001
and past the Industrial Waste Treatment Plant (IWTP), from its origin just
to the north of Building 3705 to its confluence with Soldier Creek
approximately one mile downstream. For the purposes of the Phase I RI, the

study area primarily consists of the tributaries which directly receive
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discharges or runoff from Tinker AFB (West and East Soldier Creeks) and the
main stem of Soldier Creek from its headwaters downstream to East Reno

Avenue as illustrated on Figure 1-2.

Soldier Creek and its tributaries receive surface runoff from an area
covering approximately 9,000 acres. Areas on Tinker AFB which contribute
runoff or discharge to Soldier Creek and its tributaries include the
eastern-most runway area, the Building 3001 complex, and the IWTP. The
Building 3001 complex consists of an aircraft overhaul and modification
complex to support the mission of the Oklahoma City Air Logistics Center.
The IWTP, located in the northeastern portion of the base, receives
industrial process discharge waters from the Building 3001 complex via a
series of underground lines. Once received at the plant, these waters are
treated and combined with treated sanitary wastewater prior to discharge to
East Soldier Creek under a National Pollutant Discharge Elimination System

(NPDES) permit.

Tinker AFB was activated in March 1942 under the name of the Midwest Air
Depot. During World War II, the depot was responsible for reconditioning,
modifying and modernizing aircraft, vehicles and equipment. The primary
mission has not changed. Tinker AFB is still a major industrial complex
for overhauling, modifying, and repairing military aircraft, aircraft

engines, and accessory items.

As part of the overall Air Force Installation Restoration Program (IRP),
Tinker AFB began an investigation of previously used waste disposal sites
in 1981 (EPA, 1988a). A basewide sampling program was conducted in 1983,
Analytical results from the sampling program indicated trichloroethene was
present in the groundwater. Remedial investigations were conducted by
Tulsa COE from 1986 to 1989 to determine the nature and extent of
groundwater contamination in the Building 3001 complex area. These

investigations determined that chromium, in addition to trichloroethene,
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were contaminants of concern in the groundwater. On July 22, 1987, the
Building 3001 site and the Soldier Creek site were added to the National

Priorities List (NPL).

1.2 AUTHORITY FOR THE WORK

The U.S. Environmental Protection Agency (EPA) Region VI, the Oklahoma
State Department of Health (OSDH), and the U.S. Department of the Air Force
Tinker AFB signed a Federal Facility Agreement (Administrative Docket
Number NPL-U3-2-27) under the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) Section 120 and the
Superfund Amendments and Reauthorization Act of 1986 (SARA) on December 9,
1988. The intent of this agreement is to ensure that the past and present
activities at Building 3001 and Soldier Creek, NPL sites, are thoroughly
investigated and appropriately remediated to protect the public health,
welfare, and environment. The Federal Facility Agreement establishes
procedures and schedules for developing, implementing, monitoring,
documenting, and approving response actions at both the Building 3001 and
Soldier Creek sites, in accordance with CERCLA and the National 0il and
Hazardous Substances Pollution Contingency Plan (NCP), Superfund guidance
and policy, Resource Conservation and Recovery Act (RCRA), and RCRA
guidance and policy. The Federal Facility Agreement establishes
requirements for the performance of the RI and the FS at the sites in
accordance with CERCLA. The agreement establishes procedures for remedial
actions and conducting a separate Focused RI/FS for each Operable Unit
identified. It also establishes procedures for proposing a new Operable
Unit at either site. This process allows for remedial actions to be
implemented as Operable Units that have been (or will be) identified prior
to the final remedial action for the site. The Federal Facility Agreement
specifies that Tinker AFB will establish and maintain an administrative
record that will include all documents that form the basis Ffor the
selection of a response action at both the Building 3001 and Soldier Creek
sites (EPA, 1988a and Tulsa COE, 1989a).
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The Building 3001 site has undergone extensive investigations to determine
the nature and extent of contamination in and around this site (Tulsa COE,
1988a). 1In addition, a risk assessment (Tulsa COE, 1988b) and feasibility
study (Tulsa COE, 1989a) have been completed for the Building 3001 site.

The U.S. Army Corps of Engineers, Tulsa District (Tulsa COE) is acting as
an agent on behalf of Tinker AFB for the completion of RI/FS activities for
the Soldier Creek site. This Remedial Investigation (RI) Workplan and
accompanying Data Quality Objectives (DQO) Report, Quality Assurance
Project Plan (QAPP), Sampling and Analysis Plan (SAP), and Health and
Safety Plan (HSP) have been prepared by B&V Waste Science and Technology
Corp. (BVWST) for the Tulsa COE under Contract Number DACAS6-89-C-0062.

1.3 PURPOSE AND SCOPE OF THE RI WORKPLAN

This RI Workplan addresses the scope of the RI activities planned for
implementation at the Soldier Creek site, and is intended to be a companion
document to the DQO Report. Additional details regarding completion of RI
field investigation activities are provided in the accompanying SAP and

QAPP.

The RI Workplan presents the following information:

o} Site Description
- Site Location and Description
- Site History
- Previous Investigations and Reports
- Environmental Conditions.

o} Preliminary Risk Assessment
- Preliminary Contaminants of Concern
- Inherent Toxicity
- Potential Migration Pathways

- Potential Receptors and Routes of Exposure
- Risk Assessment Data Gaps.

o Applicable or Relevant and Appropriate Requirements.

Tinker AFB - Soldier Creek 1-4
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o} Site Remedial Action Objectives and Preliminary Identification of
Remedial Alternatives
- Remedial Action Objectives
- Preliminary Identification of Remedial Alternatives.

o Remedial Investigation Scope of Work
- Phase I Field Investigation
- Phase I Sample and Data Analysis
- Phase II Field Investigation
- Phase II Sample and Data Analysis
- Assessment of Risks
- Chemical-specific ARARs Development
- Remedial Investigation Report
- Miscellaneous Activities.

o Remedial Investigation Schedule.
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2.0 SITE DESCRIPTION

2.1 SITE LOCATION AND DESCRIPTION

Tinker AFB is located in Oklashoma County to the southeast of the
metropolitan area comprised of Oklahoma City, Del City, and Midwest City in
central Oklahoma. The base is approximately bounded by Sooner Road to the
west, Interstate 40 to the north, Douglas Boulevard to the east, and
Southeast 74th Street to the South as illustrated on Figure 1-1. - Soldier
Creek is located mainly to the east of the base and flows to the north from
its headwaters located just to the north of Southeast 59th Street, to its
confluence with Crutcho Creek approximately six miles downstream. Two
tributaries, referred to as East Soldier Creek and West Soldier Creek, are

located on the northeastern portion of Tinker AFB as shown on Figure 1-2.

The Soldier Creek site includes Soldier Creek, its tributaries, and any
areas underlying or adjacent to the waterway which may be contaminated by
the migration of hazardous substances, pollutants, or contaminants from
Tinker AFB (EPA, 1988). For the purposes of the Phase I Soldier Creek RI,
the study area will primarily consist of the tributaries which receive
discharges or runoff from Tinker AFB (West and East Soldier Creeks) and the
main branch of Soldier Creek from its headwaters to where it flows beneath

East Reno Avenue.

Soldier Creek and its tributaries receive surface runoff from an area
consisting of approximately 9,000 acres. Areas on Tinker AFB which
contribute runoff or discharge to Soldier Creek and its tributaries include
the Building 3001 site and the IWTP, which comprises a total contributing
area of approximately 300 acres. The Building 3001 site includes Building
3001 complex, two adjacent underground storage tank areas, and the
surrounding areas encompassed by the lateral extent of contaminant plume

(EPA, 1988a). The Building 3001 complex consists of an aircraft overhaul
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and modification complex to support the mission of the Oklahoma City Air

Logistics Center. The primary activities at Building 3001 include the
following:
o) Disassembly, degreasing, cleaning, and inspection of aircraft and

engine parts and components.

o Plating, painting, heat treating, and testing of metal parts and
components.
o Assembly and repairing of accessories including electrical, valve

and governor, gear box, tubing and cable, fuel controls, nozzles,
pumps, and bearings.

o Assembly, testing, and packaging of aircraft and aircraft
components.
The North Tank Area contains abandoned underground storage tanks for fuel
0il, diesel fuel, and gasoline, and is located north of Building 3001. The
Southwest Tank Area contains abandoned fuel and solvent tanks and active
solvent tanks, and is located to the southwest of Building 3001 (Tulsa COE,
1988a).

The IWTP, located in the northeastern portion of the base (Figure 1-2),
receives industrial process discharge waters from the Building 3001 complex
via a series of underground lines. Once received at the plant, these
waters are treated and combined with treated sanitary wastewater prior to
discharge to East Soldier Creek under an NPDES permit with the Oklahoma
Water Resources Board (NUS, 1989).

2.2 SITE HISTORY

Tinker AFB was activated in March 1942 under the name of the Midwest Air
Depot. During World War II, the depot was responsible for reconditioning,
modifying and modernizing aircraft, vehicles and equipment. During this

period, the civilian employment peaked at 14,925 employees.

At the conclusion of World War II, the Douglas Aircraft Plant located east

of the north-south runway was annexed to the base. Tinker AFB became
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involved in jet engine overhaul and later began modifying aircraft in a
program to rebuild the nation’'s airpower. In 1948, Tinker AFB became a
worldwide repair depot for several aircraft and a multitude of other
weapons and engines. The level of activity has fluctuated during the
history of the base, however the primary mission has not changed and Tinker
AFB is still a major industrial complex for overhauling, modifying, and

repairing military aircraft, aircraft engines, and accessory items.

The base has made several land acquisitions besides the Douglas Aircraft
Plant. During 1951, the Air Force acquired a parcel of land located one
half mile east of the southeast corner of Tinker AFB. The area was named
the Oklahoma City Air Force Station and was supported by Tinker AFB. In
1956, the area officially became a separate entity; however support was
still provided by Tinker AFB. The area was initially occupied by the 33rd
Air Division and 1is presently occupied by the Engineering Installations
Center, part of the Air Force Communications Command. In 1954 the base
acquired a parcel of land south of the Southeast 59th Street boundary to
extend the existing main runway. The 1land acquisition consisted of
approximately 300 acres. During 1956, the base acquired additional land in
the same area completing the parcel of land south of Southeast 59th Street
presently within Tinker AFB jurisdiction. In 1957, a 638 acre tract of
land immediately west of the original air base was acquired to develop
permanent military housing and community support facilities. 1In 1975, the
base acquired an additional 187 acres of land situated contiguous to the
west side of Air Depot Boulevard between Southeast 59th Street and

Southeast 44th Street (Engineering Science, 1982).

As part of the overall Air Force Installation Restoration Program (IRP),
Tinker AFB began a preliminary assessment of previously used waste
disposal sites in 1981 (EPA, 1988a). As a result of a basewide sampling
program in 1983 which detected trichloroethene in the groundwater,
extensive investigations were conducted in and around Building 3001. These
investigations identified chromium as an additional contaminant of concern

in the groundwater. On July 22, 1987, the Building 3001 site and the
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Soldier Creek site were added to the National Priorities List (NPL). On
December 9, 1988, EPA Region VI, the OSDH, and the United States Air Force,
Tinker AFB signed a Federal Facility Agreement under CERCLA Section 120 to
"ensure that the environmental impacts associated with past and present
activities at the [Building 3001 and Soldier Creek sites] are thoroughly
investigated and appropriate remedial action [are] taken as necessary to
protect the public health, welfare, and the environment" (EPA, 1988a). The
specific activities to be pe;formed under the Federal Facilities Agreement
include, but are not limited to, completion of RI/FS activities at the
Soldier Creek site (EPA, 1988a). The Building 3001 site has undergone
extensive investigations to determine the nature and extent of
contamination in and around the complex. In addition, a risk assessment
(Tulsa COE, 1988b) and feasibility study (Tulsa COE, 1989a) have been
completed for this site. The North Tank Area has been identified as a
separate Operable Unit and the Southwest Tank Area is being remediated in

accordance with underground storage tank regulationms.

Investigation of possible sediment and surface water contamination of
Soldier Creek began in 1984 (Radian, 1985a). Additional information on
investigations conducted to determine the extent of contamination in
Soldier Creek is presented in Section 2.3, Previous Investigations and
Reports. Based on the results of the investigations of Soldier Creek, a
removal action was performed on portions of East and West Soldier Creeks on
Tinker AFB in early 1986. Visibly contaminated sediments were removed and
disposed in an approved hazardous waste landfill. Post-removal sampling
and visual inspection indicated that some contaminants may still be present
in the sediments in Soldier Creek (Tulsa COE, 1988a). A storm sewer
investigation for Soldier Creek was completed in October 1989 to determine
which storm sewers could potentially transmit contaminants from Building

3001 to Soldier Creek (NUS, 1989).

2.3 PREVIOUS INVESTIGATIONS AND REPORTS
A variety of investigations pertaining to the Soldier Creek site have been

conducted by a number of organizations since 1984. A summary of these
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previous investigations and pertinent reports is shown in Table 2-1. A
description of each of these previous investigations is given in this
Appendix including, if known, the purpose of each investigation, sampling
locations, pertinent analytical data, sample methodology and conclusions.
Each subsection is titled according to the organization that performed the

sampling and the media sampled.

2.3.1 Radian Sediment Analytical Results

The purpose of the IRP Phase II Confirmation/Quantification Stage 2
investigation performed by the Radian Corporation (Radian, 1985a) was to
determine if solvent storage and waste disposal practices resulted in
environmental contamination at Tinker AFB. In addition, the investigation
presented an estimate of the magnitude and extent of contamination, the
identification of environmental consequences of migrating pollutants, and
recommendations for additional investigations to identify the magnitude,

extent and direction of movement of discovered contaminants.

As part of this investigation, twenty-four sediment samples were collected
along Crutcho Creek (including significant tributaries), Kuhlman Creek,
East Soldier Creek, West Soldier Creek, Soldier Creek, a tributary of Elm
Creek and two drainage ditches within Tinker AFB on June 20 and July 19,
1984. Seven of these sediment sampling stations were located within East
Soldier Creek, West Soldier Creek, Soldier Creek, and two drainage ditches
on Tinker AFB and were identified by selected primary data users to be
pertinent to the Soldier Creek RI. The locations of these sampling
stations are shown on Figure 2-1 along with the metals (cadmium, chromium,
lead, zinc) analytical results for each station. The metals analytical
results were shown because of the relatively high concentrations in
comparison to the other analyses results. Sediment sample analytical

results for all analyzed parameters are shown in Table 2-2.

Sediment samples were collected using either a hand trowel or a section of

2-inch outside diameter polycarbonate tube. The tube was employed as a
"plug" or coring device. Generally, the depth of sampling extended from
Tinker AFB - Soldier Creek 2-5
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LEGEND;
SOLDIER CREEK AND TRIBUTARIES

UNDERGROUND PORTION OF

WEST SOLDIER CREEK
o SAMPLING LOCATION

NOQTES:
- THE SAMPLE NUMBERING SYSTEM IS A RESULT
OF THE RADIAN REPORT (RADIAN, 1985a)

- SAMPLE NUMBER 24 IS LOCATED OFF-BASE
NEAR LANDFILL NUMBER 6.

REFERENCE: RADIAN, 1985a SOLDIER CREEK

SAMPLE NO. 17
SAMPLE NO. 19
Metals 0-1.0 1t
Merals g-on {ug/g)
(uglg)
cd 50
cd 11 Cr 1300
cr 300 Pb 48
Pb 52 zn 83
Zn 60
L
{
WEST SOLDIER CREEK-——-: EAST SOLDIER
- } CREEK
SAMPLE NO. 18 ‘
Metals OJLO it
rg/g)
Cd 12
cr 30 SAMPLE NO. 16
Po bOO
Zn 88 Metals o-non
(ug/g)
Cd 1
SAMPLE NO. 14 Cr 27
Pb 7
Moetals opros Zn 6
g/ )
Cd 30
Cr 140
Pb 530
Zn ND
i SAMPLE NO. 15
Metals 0-1.0 ft 0-1.0 f1
(ug/g) (ug/g)
Cd 1 5
o . o LANDFILL 6
Zn 210 77 (
N
FIGURE 2-1
2000 O 2000 4000 RADIAN SEDIMENT ANALYTICAL RESULTS
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6 to 12 inches below the channel bottom as conditions would allow. At
several sampling locations, samples were collected as composites obtained
from two or more discrete points in the area of the sampling station.
Multiple point samples were collected for compositing at sample stations
where stream conditions varied significantly with the station reach. Point
samples were composited as the station sample to be representative of local

stream conditions.

Immediately following the collection and compositing, each sediment sample
was placed in a quart glass jar with a Teflon cap liner. Each sample was
labeled and packed with ice in an insulated shipping container. Samples
were shipped nightly to Radian Analytical Services using an overnight
parcel service. All shipments were made under chain-of-custody control.

Once in the laboratory, samples were frozen until analyses were begun.

In general, Radian concluded that sediment analytical results showed no
evidence of widespread or elevated levels of industrial contaminants.
Radian determined that no other follow-up action was deemed necessary for

the area of study.

2.3.2 EPA Sediment and Surface Water Analytical Results

The purpose of the report titled "An Evaluation of the Effects of
Wastewater Discharge from TAFB on Water Quality of Crutcho and Soldier
Creeks," (EPA, 1985a) was to present data and conclusions resulting from
the Oklahoma Water Resources Board (OWRB) investigation of the potential
toxics contamination of Crutcho and Soldier Creeks. EPA Region VI provided
technical assistance to the OWRB by conducting chemical analyses and
biocasssays on three effluent and five stream samples. Samples were

collected by the OWRB and EPA on October 30 through November 1, 1984.

Six of the sediment sampling locations within Soldier Creek were identified
by selected primary data users as pertinent to the Soldier Creek RI. The
locations of these sampling stations are shown in Figure 2-2, along with

the metals (cadmium, chromium, lead, iron), total acid, base/neutral
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SAMPLE D %
Metals Water Sediment Metal .
(ug/l) (mglkg) Hetale %’ﬁ ——————i:’;’:;’;’
ce ND ND
o ND a cd ND ND
Pb ND 13 e ND 22
Fe 1107 6940 Pb ND 13
BNAs Fe 1030 6890
TOTAL 3 1 BNAs
VOCs TOTAL 45 7921
TOTAL ND 25 yocs
TOTAL ND 45
LEGEND:
— SOLDIER CREEK AND TRIBUTARIES
———— UNDERGROUND PORTION OF
WEST SOLDIER CREEK
o SAMPLING LOCATION SOLDIER CREEK
NOTES:
- THE SAMPLE NUMBERING SYSTEM IS
A RESULT OF THE EPA REPORT (EPA, 1984D)
PLEC
- SAMPLE NUMBERS D AND E ARE DOWNSTREAM Motals l".a_'f_' .5_°;£'_":(°ﬂ
ON SOLDIER CREEK. o rela)
cd ND 20
REFERENCE: EPA, 1984 b o 1059 %
Fe ND 17600
BNAs
TOTAL 29 3089
\OCS
JOTAL 76 ND

SAMPLE NO. 2
(ug/l)
Cr ND
Cu ND
Ni 36
BNAs
TOTAL 5
SAMPLE B
Metais Water Sediment
(ug/l) (mg/kg)
Cd ND 69
Cr 63 728
Pb 30 35
Fe 574 8190
BNAs
TOTAL 45 5111
Yocs
TOTAL 114 53
r SAMPLE NO. 1
Metals Water
(ug/)
Cr 151
Cu 55
Ni 254
BNAs
TOTAL 55
] EAST SOLDIER CREEK

WEST SOLDIER CREEK

[LANDFILL 6

FIGURE 2-2
EPA SEDIMENT AND SURFACE WATER
2000 0 2000 4000 ANALYTICAL RESULTS
o™ ™ ™ ™ cmemm— TINKER AFB - SOLDIER CREEK RI/FS
FEET CEAERATE



extractables (BNAs), and total VOCs analytical data for each station.
These data were shown to illustrate the metals concentrations and the
possible "hot spots" for BNA and VOC contamination. The pertinent sampling

analytical data for this investigation is shown in Table 2-3.

The precise sampling methodology for collection of the sediment and surface
water samples is unknown. The effluent sample from outfall sampling
point 1 was collected as a 24 hour composite. The effluent samples from
the two other outfall sampling points were collected as single grab

samples. Grab samples were collected at each stream sampling station.

In general, EPA concluded that water quality of Crutcho and Soldier Creeks
was considered poor due to the concentrations of organic, metal and
conventional contaminants detected in the water column. Pollution of
Crutcho and Soldier Creeks was considered to be primarily due to discharges
from Tinker AFB, especially outfall 1 from Building 3001. Oklahoma Water
Quality Criteria (WQC) for chromium, copper, mercury, and cyanide were
exceeded, and Oklahoma Water Quality Standards (WQS) for chromium, copper,
TDS, sulfate and hardness were violated. State sediment quality goals for
cadmium and chromium, and the water quality goal for cyanide, were
exceeded. Overall, water quality was considered best at the Crutcho Creek
station A, poorest at Soldier Creek stations B and C below industrial
discharges, and intermediate at stations D and E, located further

downstream on Crutcho Creek.

2.3.3 Harry Keith & Sons, Inc. (HKS) 1985 Sediment Analytical Results

The purpose of the HKS Site Investigation Report prepared by HKS (HKS,
1985) was to present analytical results from sediment sampling conducted to
determine the magnitude of contamination found in East and West Soldier

Creeks.

Sixty-five sediment samples were collected at various locations within East
and West Soldier Creeks. Data, including cadmium, chromium, lead, zinc,

and total BNA concentrations, for each sampling location along West Soldier
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Creek are shown on Figure 2-3. The locations of samples collected within
East Soldier Creek are unknown at this time. Analytical data from this

investigation for both East and West Soldier Creeks are shown in Table 2-4.

Sediment samples were collected using a hand trowel and scoop containing a
plastic disposable sleeve that was changed at each sample point and depth.
The samples were measured to the proper depth interval (0-2 and 3-5 inches)
and placed into a "lab weight" plastic bag with an air tight seal. The
sample bag was then placed into another plastic bag to ensure an air tight
seal. An additional 400 grams of the same measured sample was placed into
a glass jar with Teflon 1id. Samples were transported for analysis
immediately upon completion of the sample collection for all areas.
Analysis was initiated approximately 12 hours after leaving the last sample
location. All samples were rechecked for proper identification upon

arrival at the laboratory.

HKS concluded that East Soldier Creek appeared to have a heavy buildup of
black oily sludge in and adjacent to the stream bed. All sample sites and
the adjacent areas exuded strong hydrocarbon odors. Many sample locations
contained an approximately 2 inch thick layer of sediment that appeared
clean and covered the black oily sludge underneath. The contamination
observed, but not sampled, was at depths greater than 5 inches. Further,
HKS stated that this deeper contamination may be more heavily concentrated,

had an odor, and may have a different chemical character.

Conclusions presented in the HKS Site 1Investigation Report are described
below. Many of the sample sites and the adjacent areas displayed evidence
of high water conditions that could have washed away soluble and insoluble
compounds which may have been present in the top layer of sediment. Even
the normal water level conditions of a stream may carry a portion of the
organic and inorganic contaminants downstream by the physical action of
stream flow. Therefore, HKS expected extensive downstream effect of the

contaminants that were found or had been present in the stream sediment.
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SAMPLE NO. 135 and 136

Metals 0-2 1 (135) 3-5 t1(136)
(ug/g) (ug/g)

Ca 8 12

Cr 758 64

Pb 105 45

Zn 250 55

BNAs

TOTAL 33 17

VOAs

TOTAL 7 4

SOLDIER CREEK AND TRIBUTARIES
UNDERGROUND PORTION OF
WEST SOLDIER CREEK

[ SAMPLING LOCATION SAMPLE NO. 131 and 132 \,——/_
. Merals 0-211(131) 3-5 f1(132)
NOTES: (ugle) (uglg)
- THE SAMPLE NUMBERING SYSTEM IS cd 045 605 ‘
A RESULT OF THE HKS HEPORT (HKS, 1985) Cr 778 1060
Pb 360 351
Zn 710 430
- SAMPLE LOCATIONS 33-75 ARE TotaL 212 1198
UNDETERMINED AT THIS TIME

/—SOLDIER CREEK

/ SAMPLE NO. 118 and 120 \
Mstals 0-211(119) 3-5M1 (120
(uglg) (ug/g)

Cd 15 18
cr 502 26
Pb 211 79
Zn 690 103
BNAs
TOTAL ND 79
VOAs

i TOTAL 14 2

I

SAMPLE NO.

Metals

Cd

Cr

Pb

Zn
BNAs
TOTAL

b

3-51(1 16)

(ug/g)

1
27

23
€9

]

EAST SOLDIER CREEK

N

(LANDFILL 6

BEFERENCE: HKS, 1985
SAMPLE NO. 133 and 134
Metais 0-2 11 (133) 3-511(134)
(ug/g) (ug/g)
Cd 32 29
Cr 263 368
Pb 147 196
Zn 270 190
BNAs
TOTAL ND 12
SAMPLE NO. 128 and 130 {
Metals 0-2 1 (129) 3-511(150) |
(ug/g) (ua/g) |
Cd 1w 2 ]
Cr 75 56
Pb 71 7
oo o o WEST SOLDIER CREEK
BNAs
L TOTAL 16 0
SAMPLE NO. 127 and 128 /
Matals 0-211(127) 3-51(128) /
(ug/g) (ug/g) : ~
cd e . ; /
Cr 78 64 i —
Fb 15 154 ! ~ -~
Zn 240 1h4 /// / \
BNAs e -
L TOTAL 15 170 ‘/
- _ _ —
4
F_ﬁ__,_«._m e S/
SAMPLE NO. 125 ang 126 | //
v
Metals 0-2 11 (125) 351 (126) // /
(uslg) (ugig) / /
Ca ,‘ a3 El Vs 4 /
Cr s 205 g /
Pb e o8 ,/ /
Zn Tan 57 | /
BNAs ; v /
TOTAL 23 | Ve /
e /'
e /
f SAMPLE NO. 123 and 124 /
/
Metals 0-2 11(123) 3-511 124) ,/
228) /
(ug/g) (ug/g) /
cd 13 2 ’
Cr 174 18 /
/
P 74 w7 /
Zn 85 67 /
BNAs ;.
TOTAL 9 5 /
VOAs
TOTAL 7 3 y N
e e SAMPLE NO 113 and 114
! SAMPLE NO. 121 and 127
i : Metals 0-211(113) 3-511(114)
I Metas 0zt {(121) 3.5 1(122) g (ug/g) (ug/g)
| (ugfg) (ugig)
“ Cd 9 10
; Co 5 &1 Ct 29 44
P = 813 Po 88 96
i 218 s iy H Zn 59 38
E 7 - ; BNAs
| BlNAS ; TOTAL 8 6
I YOt BES { -
’ VOAS !
I ToTA / !
e ]
2000 0O 2000 4000

FEEFET

F SAMPLE NO. 117 and 118

Metals 0-21(117) 3-511(118)

(ug/g) (ug/g)

Cd 8 18

Cr 36 26

Pb 41 79

Zn 65 103

BNAs

TOTAL 31 79 j
FIGURE 2-3

HKS 1985 SEDIMENT ANALYTICAL RESULTS
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TABLE 2-4

HKS 1985 SEDIMENT ANALYTICAL RESULTS
TINKER AFB - SOLDIER CREEK RI/FS
Ri WORKPLAN

SAMPLE SAMPLE DEPTH TOTAL TOTAL
NC. LOCATION  (FT.) DATE UNITS As Ba Cd Cr Pb  Hg Se Ag Cu Zn Mn Ni  BNAs VOCs

33 SOLD CREEK 0-2 10/05/85 mgtkg 1 210 386 108 118 ND 1 7 1010 218 275 43 ND ND
24 SOLD CREEK 3-5 10/05/85 mg/kg 1 262 6 87 196 ND 1 6 110 98 435 29 19 ND
35 SOLD CREEK  * 10/05/85 mg/kg 1 185 12 164 139 ND 1 2 238 910 615 77 22 ND
36 SOLD CREEK 0-2 10/05/85 mg/kg 1 227 15 105 170 1 1 17 308 252 173 87 18 ND
37 SOLD CREEK 3-5 10/05/85 mg/kg 1 420 12 168 203 1 1 3 196 230 224 70 17 ND
38 SOLD CREEK 0-2 10/05/85 mgrkg 1 152 12 114 216 ND 1 14 288 202 507 69 85 ND
39 SOLD CREEK 3-5 10/05/85 mg/kg 1 168 8 149 251 1 1 8 135 144 336 51 31 ND
40 SOLD CREEK 0-2 10/05/85 mgrkg 1 101 13 256 226 t 1 22 318 388 401 90 ND ND
41 SOLD CREEK 3-5 10/05/85 mg/kg 1 520 66 464 140 1 1 21 72 100 230 119 ND ND
42 SOLD CREEK 0-2 10/05/85 mgrkg 1 102 18 262 189 1 1 26 476 230 189 131 ND ND
43 SOLD CREEK 3-5 10/05/85 mg/kg 1 20 89 1310 435 2 1 26 51 520 447 306 140 ND
44 SOLD CREEK 0-2 10/05/85 mg/ikg 1 103 2 35 19 ND 1 5 51 43 224 28 ND ND
45 SOLD CREEK 3-5 10/05/85 mg/kg 1 242 1 12 13 ND 1 3 22 21 256 12 ND ND
46 SOLD CREEK 0-2 10/05/85 mg/kg 1 272 42 712 121 ND 1 18 362 240 853 175 26 ND
47 SOLD CREEK 3-5 10/05/85 mg/kg 1 292 54 3948 146 ND 1 26 520 525 844 197 154 ND
48 SOLD CREEK 0-2 10/05/85 mg/kg 1 216 48 424 94 ND 1 14 231 178 282 160 12 ND
49 SOLD CREEK 3-5 10/05/85 mg/kg 1 253 73 316 63 ND 1 10 220 62 161 53 3 ND
50 SOLD CREEK 0-2 10/05/85 mg/kg 1 212 17 402 49 ND 1 19 122 81 290 136 ND ND
51 SOLD CREEK 3-5 10/05/85 mg/kg 1 101 43 1810 105 ND 1 24 AN 115 180 158 11 ND
52 SOLD CREEK 0-2 10/05/85 mg/kg 1 78 2 12 11 ND 1 2 7 10 109 10 2 ND
53 SOLD CREEK 3-5 10/05/85 mg/kg 1 188 16 51 32 ND 1 5 24 34 273 28 159 1
54 SOLD CREEK 0-2 10/05/85 mg/kg 1 308 17 201 93 ND 1 15 195 145 269 112 1 ND
55 SOLD CREEK 3-5 10/05/85 mg/kg 1 403 35 48 73 1 1 12 93 580 451 127 6 ND
56 SOLD CREEK 0-2 10/05/85 mg/kg 1 161 76 259 27 ND 1t 3 60 85 304 151 ND ND
57 SOLD CREEK 3-5 10/05/85 mg/kg 1 88 185 184 77 ND 1 4 M4 127 118 88 14 ND
58 SOLD CREEK 0-2 10/05/85 mg/kg 1 192 7 585 672 ND 1 16 106 388 358 86 ND ND
38 SOLD CREEK 3-5 10/05/85 mg/kg 1 101 560 845 450 ND 1 5 83 401 700 43 ND ND
60 SOLD CREEK 0-2 10/05/85 mg/kg 1 103 16 100 50 ND 1 8 21 28 398 81 ND ND
61 SOLD CREEK 3-5 10/05/85 mg/kg 1 132 11 100 21 ND 1 5 16 26 320 42 ND ND
62 SOLDCREEK * 10/05/85 mg/kg 1 402 42 585 105 ND 1 9 134 154 72 178 ND ND
63 SOLD CREEK 0-2 10/05/85 mg/kg 1 180 51 1010 79 ND 1 8 78 88 97 314 ND ND
64 SOLD CREEK 3-5 10/05/85 mg/kg 1 440 38 783 102 1 1 6 206 274 70 330 14 ND
85 SOLD CREEK 0-2 10/05/85 mg/kg 1 a3 1 45 10 ND 1 4 12 28 60 27 4 ND
66 SOLD CREEK 3-5 10/05/85 mg/kg 1 167 1 16 10 ND 1 2 7 17 435 16 2 ND
87 SOLD CREEK 0-2 10/05/85 mg/kg 1 293 1 232 161 ND 1 3 64 170 60 148 i ND
58 SOLD CREEK 3-5 10/05/85 mg/kg 1 325 84 1720 246 ND 1 27 83 140 398 450 177 ND
89 SOLD CREEK 0-2 10/05/85 mg/kg 1 285 2 47 23 ND 1 8 16 38 435 38 ND ND
70 SOLD CREEK 3-5 10/05/85 mg/kg 1 230 1 18 14 ND 1 1 8 16 502 14 ND ND
Tinker AFB - Soldier Creek 2-12
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TABLE 2-4

HKS 1985 SEDIMENT ANALYTICAL RESULTS
TINKER AFB - SOLDIER CREEK RI/FS
RI WORKPLAN

SAMPLE SAMPLE DEPTH TOTAL TOTAL
NO. LOCATION (FT.) DATE UNITS As Ba Cd Cr Pb Hg Se Ag Cu Zn Mn Ni BNAs VOCs

71 SOLD CREEK 0-2 10/05/85 mg/kg t 312 152 1760 625 ND 1 18 49 710 122 360 306 ND
72 SOLD CREEK 3-5 10/05/85 mg/kg 1 461 1220 6970 885 ND 1 57 476 1250 166 32850 538 ND
73 SOLD CREEK -~ 10/05/85 mgrkg 1 245 2 2 171 21 2 16 53 420 10 ND ND
74 SOLD CREEK 0-2 10/05/85 mg/kg 1 321 76 620 172 ND 1 17 295 310 158 350 ND ND
75 SOLD CREEK 0-5 10/05/85 mgrkg 1 270 55 408 142 1 1 3 189 190 165 236 135 ND
113 DITCH 0-2 10/05/85 ug/lg 1 394 9 29 88 ND 1 5 13 59 341 26 8 ND
114 DITCH 3-5 10/05/85 ug/g 1 388 10 44 96 ND 1 1 12 38 482 14 8 ND
115 DITCH 0-2 10/05/85 wug/g 1 305 2 23 28 ND 1 3 17 28 354 16 2 ND
116 DITCH 3-5 10/05/85 ug/g 1 242 1 27 23 ND 1 1 ih 69 515 16 9 ND
117 DITCH 0-2 10/058/85 ug/g 1 230 6 36 41 ND 1 1 14 65 185 39 3 ND
118 DITCH 3-5 10/05/85 ug/g 1 302 18 26 79 ND 1 6 14 103 298 26 79 ND
119 DITCH 0-2 10/05/85 ug/g 1 380 15 502 211 ND 1 19 229 690 81 200 NO 14
120 DITCH 3-5 10/05/85 ug/g 1 350 25 358 155 ND 1 31 80 480 56 490 ND 2
121 DITCH 0-2 10/05/85 ug/lg 1 270 16 737 183 1 1 55 169 990 546 330 562 7
122 DITCH 3-5 10/05/85 ug/g 1 420 61 943 327 1 1 79 189 1100 48 335 39 2
123 DITCH 0-2 10/05/85 ug/g 1 350 13 174 74 ND 1 3 22 85 143 482 9 7
124 DITCH 3-5 10/05/85 ug/g 1 508 2 18 17 ND 1 1 8 67 69 42 5 2
125 DITCH 0-2 10/05/85 ug/g 1 450 103 794 102 ND 1 4 64 190 100 3110 5 ND
126 DITCH 3-5 10/05/85 ug/g 1t 310 9 205 28 ND 1 6 13 37 198 710 23 ND
127 DITCH 0-2 10/05/85 ug/g t 180 20 478 115 1 1 55 95 240 61 97 157 ND
128 DITCH 3-5 10/05/85 ug/lg 1 349 17 64 154 ND 1 2t 59 184 91 187 170 ND
129 DITCH 0-2 10/05/85 ug/lg 1 268 12 7% 71 11 18 30 98 52 225 16 ND
130 DITCH 3-5 10/05/85 ug/g 1 315 12 56 71 11 12 28 101 58 1585 10 ND
131 DITCH 0-2 10/05/85 ug/lg 1 510 945 778 360 1 1 188 214 710 851 396 212 ND
132 DITCH 3-5 10/05/85 ug/g 1 310 105 1060 351 1 1 367 183 430 1160 324 1198 ND
133 DITCH 0-2 10/05/85 ug/lg 1 310 32 263 147 ND 1 2 57 270 305 310 ND ND
134 DITCH 3-5 10/05/85 ug/lg 1 280 29 368 196 ND 1 3 4 180 398 170 12 ND
135 DITCH 0-2 10/05/85 ug/g 1 385 8 758 105 ND 1 2 54 250 780 820 33 7
136 DITCH 3-5 10/05/85 ug/g 1 103 12 64 45 ND 1 2 13 55 450 89 17 4

ND = Not Detected
* = Depth not available at this time
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2.3.4 HKS 1986 Sediment Analytical Results

The purpose, sample methodology, specific sampling activities and
conclusions of the 1986 HKS investigation (HKS, 1986) are unavailable at
this time. The sampling locations, together with and pertinent metals
(cadmium, chromium, lead) and VOC concentrations for each location, are
shown on Figure 2-4. The sediment analytical results for this

investigation are shown in Table 2-5.

2.3.5 Industrial Waste Treatment Plant (IWTP) and Sanitary Treatment Plant

(STP) Discharge Surface Water Analytical Results

The purpose of this investigation (Tinker AFB, 1987a) was to sample the
IWTP and STP water discharge and determine surface water concentrations of
specific contaminants of interest. Tinker AFB personnel collected the
surface water samples. The sample methodology, specific sampling
activities and conclusions of the 1987 surface water analytical results are
unavailable at this time. The sampling locations together with the

volatile organic analysis results are shown on Figure 2-35.

2.3.6 OSDH Sediment and Surface Water Analytical Results

The purpose, sample methodology, specific sampling activities and
conclusions of the OSDH investigation (OSDH, 1987) are unavailable at this
time. The West Soldier Creek sampling location together with analytical

results for the surface water and sediment samples are shown on Figure 2-6.

2.3.7 NPDES Surface Water Analytical Results

The purpose of the NPDES surface water investigation done by Tinker AFB
(Tinker AFB, 1987b) personnel was to determine surface water concentrations
of specific contaminants at prescribed locations downstream of the IWTP
effluent discharge. The sample methodology, specific sampling activities
and the conclusions of the NPDES water analytical results are unavailable
at this time. Sampling locations are shown on Figure 2-7. The surface

water analytical results are shown on Table 2-6.
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SAMPLE NO. C-07

Metals 0-1.0 11 (4/86) 0-1.0 H (5/86)
(mg/kg) (mglkg)
Cd 359 492
Cr 812 914
Pb 238 234
VOAs ug/k ug/k
Chloroform 133 ND
PCE ND ND
t-1,2-Dichl ND ND

LEGEND:
SOLDIER CREEK AND TRIBUTARIES

L4 SAMPLING LOCATION

NOTES:

- THE SAMPLE NUMBERING SYSTEM IS
A RESULT OF THE HKS REPORT (HKS, 1¢

- SAMPLE LOCATIONS C-09, C-10, AND C-

SAMPLE NO. C-08
Metals 0-1.0 11 (4/86) 0-1.0 1 (5/86)
(mglkg) (mg/kg)

Cd 499 496

Cr 1260 900

Pb 293 261
SAMPLE NO. C-06 (5/86)
Metals 0-.5 it 0.5-1.0 ft 1.0-1.5 ft 1.6-2.0 it

(mglkg) (mg/kg) (mg/kg) (mg/kg)

cd 68 162 276 337
cr 406 473 1048 893
Pb 118 176 312 208

SAMPLE NO. C-05 _ ARE UNDETERMINED AT THIS TIME
Metals 0-1.6 11 (4/86) 0-1.511(5/86)
(mo/ke) (malkg) ’ REFERENCE: HMM~ “MMM
cd 76 405 7 '
Cr 650 887 !
Pb 163 309
VOAs uglk ug/k
Chioroform 2 ND _
PCE ND ND ‘
1-1,2-Dichl 12 ND _
SAMPLE NO. C-03
Metals 0-1.5 11 (5/86)
(mg/kg)
Cd 32
Cr 332
Pb 1385 0 300 6C0 900
ﬁ
FEET

FIGURE 2-4

HKS 1986 SEDIMENT ANALYTICAL RESUL
TINKER AFB - SOLDIER CREEK RI/FS

RI WORKPLAN
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LEGEND:
SOLDIER CREEK AND TRIBUTARIE

L4 SAMPLING LOCATION

NOTES:

- SAMPLER OF THE IWTP AND STP
DISCHARGES IS TINKER AFB

/ REFERENCE: NUS, 1989
TINKER AFB, 1987a

IWTP & STP AVG. DISCHARGE - 3/87 - 9/87
VOAs WATER
(ug/h)

Benzene 16162.97
Bromodichloromethane 2.94
Carbon Tetrachloride 0.03
Chiorobenzene 17.05
2-Chlorosethyiv:nyl Ether 079
Chlorotform 11.99
Chloromethane 1.4
Dibromochioromsthane 1.55
1.2-Dichiorobenzene 10.91
1,3-Dichlorobenzene 0.93
1,4-Dichiorobenzene 4.27
1.1-Dichicroethane .47
1,2-Dichicroetnane 1
1, 1-Dichloroethene 1
Trans-1.2-Dichlorcethene 8129
1,2-Dichicrogropane J.64
Cis-1,2-Dichioropropena 832
Ethyl Benzene 1Az :
Methylene Chioricte 142 64 : O uoo mwQO @OO
1,1,2,2-Tetrachicrosthare 252 m ﬁ
Tetrachlornethene 32.48 F m:mq.
Tcluene 3.68

: 2658 |

os

Trichlcroethene 2.81

Trichloroflusromethane 11

FIGURE 2-5
IWTP & STP DISCHARGE SURFACE WATE

ANALYTICAL RESULTS
TINKER AFB - SOLDIER CREEK RI/FS

Rl WORKPLAN



SOLDIER CREEK AND TRIBUTARIES /

—————— UNDERGROUND PORTION OF
WEST SOLDIER CREEK

[ SAMPLING LOCATION
NOTES:

SAMPLE NUMBERING SYSTEM IS A RESULT OF
THE OSDH REPORT (OSDH, 1987)

REFERENCE: OSDH, 1987

s
SAMPLE NO T-2 f
. {
; Metais Sediment Water |
! (mgrkg) (ug/) ‘
Sb ND ND ]
As ND ND \
Ba 153 282
Be ND ND |
Cua 1.5 ND
Cr 97.5 ND
Cu 8.4 ND
Pb 97.5 ND
Hg ND ND
Ni 1.5 ND
Se ND ND
Ag 08 ND
L oTh ND ND
‘ Zn 30.9 16
VOCs (ugikg)
Methylene Chioride 51 24
1 1,-Dichloroethene 11 ND
1,1, 1-tnchioroethene ND 24 /
trichloroethene 7 ND /
Tetrachlorosthene ND 1.5 ‘
Toluene 10 ND o WEST
SOLDIER
CREEK
( LANDFILL 6 \
FIGURE 2-6
2000 0 2000 4000 OSDH SEDIMENT AND SURFACE WATER

ANALYTICAL RESULTS
pupmp—— TINKER AFB - SOLDIER CREEK RI/FS



LEGEND:
SOLDIER CREEK AND TRIBUTARIES

o NPDES SAMPLING LOCATIONS
00l NOTES:
° momz _  SAMPLER OF THE NPDES IS TINKER Al

REFERENCE: NUS, 1989
TINKER AFB, 1987b

°
OOSN
+ &85 er 0 300 600 900
004N CREEK e —— ol
Y FEET
OO3N
L

FIGURE 2-7

NPDES SURFACE WATER SAMPLING LOCATIOI
TINKER AFB - SOLDIER CREEK RI/FS

RI WORKPLAN



TABLE 2-6

NPDES SURFACE WATER ANALYTICAL RESULTS
TINKER AFB - SOLDIER CREEK RI/FS

Rl WORKPLAN
DISCHARGE pH TSS OILUGREASE FLOW MGD
LOCATION (MAX) LB/DY MG/L LB/DY MG/L AVG MAX
001N 7.62 164.5 22.6 46.3 6.2 066 1.05
002N 7.98 NA 1894 NA 72 032 om
003N NA NA  NA NA  NA 017 NA
004N 9.2 NA  NA NA  NA ND  NA
005N NA NA  NA NA  39.7 0.62 1.7
01SN 7.7 1624 99.6 NA NA 068 0.7
NA = Not Analyzed
ND = Not Detected
2-16
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2.3.8 Groundwater Analytical Results

Quarterly groundwater sampling and analyses at Tinker AFB is conducted by
the Tulsa COE as a part of the overall groundwater assessment at Tinker AFB
and as a part of the remedial investigations at the Building 3001 site. As
a part of the quarterly groundwater sampling, several wells, which are
located in the vicinity of West and East Soldier Creeks and are screened in
the perched aquifer, have been sampled. The results of the sample analyses
have been presented in several reports prepared by the Tulsa COE (Tulsa
COE, 1988d, Tulsa COE, 1989b; and Tulsa COE, 1989c) and are summarized on
Tables 2-7 and 2-8 for samples from wells in the vicinity of West Soldier
Creek and East Soldier Creek, respectively. The well locations are
illustrated on Figure 2-8. The analytical results have not been summarized
on a figure due to the large volume of data that is available. The
sampling methodology is presented in the Tinker AFB Sampling and Analysis
Quality Assurance/Quality Control Plan for Corps of Engineers Site

Investigations (Tulsa COE, 1986).

The Building 3001 site remedial investigations indicated that the perched
aquifer is contaminated with organic solvents, trace metals, and fuel
product (Tulsa COE, 1988a). The areas with highest concentrations of
contaminants are located beneath Building 3001, the North Tank Area, and
the Southwest Tank Area. Trichloroethene (TCE) and chromium are considered
the primary contaminants in the perched aquifer since their maximum
concentrations were higher than the concentrations of other contaminants
and they were consistently detected over a large portion of the site.
Other significant contaminants include 1,2-dichloroethene,
tetrachloroethene, acetone, toluene, benzene, and xylene. Other

significant inorganic contaminants include lead, nickel, and barium.

The analytical results indicated that the source of the TCE contamination
is primarily beneath Building 3001 and migration is away from the building
in the east, west, and southwest directions. Highest concentrations of
1,2-dichloroethene were detected beneath and to the west of Building 3001.

Tetrachloroethene was detected primarily beneath Building 3001 and appeared

Tinker AFB - Soldier Creek 2-17
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to be moving east in the direction of East Soldier Creek. Analytical
results indicated that the areal extent of chromium contamination was

similar to the areal extent of TCE contamination.

The analytical results indicated that the contamination in the perched
aquifer may be partially due to contaminants which were discharged into
storm drains. Records indicated that West Soldier Creek had received
discharges from storm drains that contained TCE. Therefore, the TCE
contamination may partially be a result of leakage from storm drains and

migration from storm drains and migration from West Soldier Creek.

Supplemental quarterly remedial investigations have indicated that the
areal extent of TCE contamination has not changed significantly from the
extent present in the RI Report (Tulsa COE, 1989b). The extent of chromium
contamination appears to have increased slightly in area. All other
contaminants have appeared to remain fairly stable with a general trend for

lower concentration of metals (Tulsa COE, 1989b).

The basewide groundwater assessment has detected the same contaminants in
the perched aquifer as the remedial investigations (Tulsa COE, 1989c). The
Groundwater Assessment update specifically mentioned the presence of three
metals in well MW-73 which was referred to as the discharge point of West
Soldier Creek (Tulsa COE, 1989c). (Note: MW-73 is located along the
eastern boundary of Tinker AFB, south of East Soldier Creek and slightly
north of Southeast 59th Street. It is unclear if. the "West Soldier Creek"
referred to in the Groundwater Assessment Update is the same as the West
Soldier Creek defined for the Soldier Creek RI/FS. Reports have indicated
that an off-base tributary to Soldier Creek may also be referred to as

"West Soldier Creek.")

In addition to the quarterly sampling and analysis, Tulsa COE sampled wells
in the vicinity of Building 3001 and the IWTP in October 1988 to monitor
groundwater contaminant concentrations in these areas as a part of the

overall groundwater assessment. The sample methodology is presented in the
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Tinker AFB Sampling and Analysis Quality Assurance/Quality Control Plan for
Corps of Engineers Site Investigations (Tulsa COE, 1986). The sampling
locations and analytical results are summarized in Table 2-9 and Figure
2-8. The specific sampling activities and the conclusions of this round of

groundwater sampling are not available at this time.

2.3.9 NUS Surface Water Analytical Results

The purpose of the Storm Sewer Investigation for Soldier Creek performed by
NUS Corporation (NUS, 1989) was to identify releases of potential
contaminants from the storm sewers emanating from the Building 3001 complex

and discharging to East and West Soldier Creeks on Tinker AFB.

As part of this investigation, seven surface water samples were collected
at on-base outfall locations from Building 3001. The locations of these
sampling stations are shown on Figure 2-9 together with pertinent volatile

organic, oil and grease, and metal analytical results for each location.

Selected analytical results are shown on Figure 2-9. Surface water
analytical results pertinent to the Soldier Creek site are summarized in
Table 2-10.

Surface water samples were collected over a 24 hour period using an ISCO
2700 continuous samplers. Samples were collected through 3/8-inch diameter
PVC tubing and automatically composited in a 3-gallon glass collection
vessel. The composite samples were transferred from the collection vessel
to individual sample bottles for shipment to the laboratory. Grab samples
collected for volatiles and oil and grease analyses were obtained by
filling the sample bottles directly from the storm water overflow at the
v-notch. The sample bottles were tagged and sealed prior to shipment.
Chain-of-custody forms were completed for all samples and sent with each
container for tracking purposes. All sample collection bottles contained
the required preservatives prior to being filled with surface water

samples.
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LEGEND:
SOLDIER CREEK AND TRIBUTAR
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Conclusions regarding the condition of Building 3001 outfalls with regard
to on-base portions of East and West Soldier Creeks are presented below.
The outfalls on West Soldier Creek vary. from partial to total submergence
as a result of vegetative growth occurring in the water channel. Because
of the vegetative growth, a semi-swamp condition exists that both traps
contaminants and raises the water level to the outfalls. NUS suggested
that the on-base West Soldier Creek area should be reconstructed as an open
lined culvert incorporating a weir and gate at its discharge end to both
measure flows and control the discharge in case of a spill condition. NUS
also suggested that the individual outfall discharges to this culvert
should be designed to accept simple weir plates to provide measurement

capabilities for possible future water studies.

East Soldier Creek Outfall L consists of a 30-inch line through which three
4-inch reinforced plastic pipes have been placed. The three pipes were out
of service. NUS concluded that all three pipes should be removed from the

inside of the outfall line.

2.4 ENVIRONMENTAL CONDITIONS

2.4.1 Climatology
Meteorological information for the Soldier Creek site was compiled from

weather data for the years 1956 through 1989 recorded at the Will Rogers
World Airport (National Climatic Data Center, 1989, 1988, and 1985). Will
Rogers World Airport is located approximately 10 miles to the west of
Tinker AFB as shown on Figure 1-1. The meteorological information from
Will Rogers World Airport was supplemented by weather data recorded at
Tinker AFB for the years 1981 through 1989 (Tinker AFB, 1981-1989).

The mean annual precipitation for Will Rogers World Airport is 32.15 inches
based on data from 1891 through 1988. From 1981 to 1988, the average annual
precipitation was 39.20 inches for Will Rogers World Airport and 40.33
inches for Tinker AFB which are slightly greater than the long-term mean.

The difference in reported annual precipitation for the two airports ranged

Tinker AFB - Soldier Creek 2-25
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from 2.5 to 17.8 percent over the eight year period, with Tinker AFB
typically reporting higher annual precipitation than Will Rogers World
Airport. This observation is based on a limited data set and additional
information will be required before good correlations can be made between

the data from Will Rogers World Airport and Tinker AFB.

Figures 2-10 and 2-11 illustrate the monthly variation in precipitation for
Will Rogers World Airport and Tinker AFB, respectively. According to data
for Will Rogers World Airport, the highest average monthly precipitation is
5.21 inches and occurs in May. June, September, and April also have
relatively high average precipitation with 4.00, 3.23, and 3.18 inches,
respectively. Months with lowest average monthly precipitation are
January, February, and December with averages of 1.26, 1.27, and 1.49
inches, respectively. The average monthly precipitation for the remainder

of the year is between approximately 2 to 3 inches.

Snowfall typically occurs in the months of November through March with only
trace amounts falling in October and April. The average yearly snowfall is
9.4 inches with the majority falling in January (average 3.1 inches) and

February (average 2.6 inches).

The average annual temperature recorded at Will Rogers World Airport is
60.1 F. The warmest months of the year are June and July with mean
temperatures of 81.6 F and 81.3 F, respectively. The coldest months are
January and December with mean temperatures of 36.9 F and 39.8 F,
respectively. The normal daily maximum temperatures are highest in July
(93.5 F) and August (92.8 F) and lowest in January (25.2 F), February
(29.4 F), and December (29.1 F). This corresponds with the mean number of
days per month with temperatures over 90 F. Both July and August have an
average of approximately 23 days over 90 F. January and December have an
average of over 20 days each with minimum temperatures below 32 F.
The highest recorded temperature is 110 F and occurred in August 1980. The

lowest recorded temperature is -4 F and occurred in January 1988.

Tinker AFB - Soldier Creek 2-26
RI Workplan
Final/40054.103



PRECIPITATION, INCHES PRECIPITATION, INCHES PRECIEMTATION, INCHES

2 - . s - N » - ) . © = < - - %) [ IS o a ~J @ 0 =] ~ " I » ™ J @ 0
& I 1 | i | 1 ! o o i | ! ! 1 ] & i s ! oL
|
i
- i
B Byrrzzems i] A1 i
] 4
BRSNS |
s - J -
w rel w0
. w
% < ~
1
3 2
T SSSESSSSs S
o D¢ X X X XX
by 1 ]
3 =
> . - 3 N TTIIT IR I IZZD )
< 52§ K »: X X XX [\E X X XX T
x z ) =
N - 2 =0
59 & 58 & 5535y oz & Y 1
oS Z o= Z > XXX e XXX = Z
r (1% S (E %
’ ]
< o z o) o
g £ P 223 = 2
TETK - 778
- ~ ) = i e e e i win ¢
7, - 7 == @ > !
[Qj & % 7 [ =] < g ¢ f 2 ©
. - —_— - ) ry
o QLY 1= - & @ I 1‘ o 4
e T e R R R R TR R R TR XX ) » v <45 > a ew ) T 73
0 . S
Q [} T- «!—d»gjg o
a 8 Errssisssty 2
< = RORTn -
, i
1/‘} N E z
4 1 Z -
2 K3 S e ey < 5
2 “g g 2 2
4 & ] kS o
P =3 o 2 ou] o m
a e} b G- . S . - O
5
— PRECIPITATION. INCHES . ¢ FRECIPITATION, INCHES FRLCIPITATION, INCHES
i I~
N N @
i Ly
;é ©® w A - oo . & © - IS " IS w» o N @™ © 5 ot 0 B o o™ 4 g O
- U SO O S o i i TR ] | : J : i
D %
L
z 1
. - ; 3 - 5 )
0 w o o o
® ~1 N SRRy
N ~ I
0
» —) )
355 S ,
¢ @
oy . 1
IO a [ 5 K44y '7; S 3 3 F\ﬂ 5
3 o i, 3
[ t < DI G ol b - i > e X X X3 hj < = < XXX
k< x )
3 SN -
-0 )| o 4
oz g <% - © z ; 5 - <y
X% X o7 ° :aub | [ <z ¢ EROXCTED
(%] v
. _ -, 5 )
|
e L £ Y S SR
= - 4
L b be = 3
]
! .
(73 ! h
7 ! 3 . @ x
ld ) 4 o © -
- - - 3 <)
s © » N @ D! 9
@ 509 - o 2 2 T
L A .1
e ——
3 o} 8 i G 1
> E S = 2 P22 )
X R R
§ N : - §
N ! z A z
B § prrryss 3
o o <, o
&g R g
O - 4 O R
PROCIPITATION, HCHES
L ~ & (] ™m d %] [¥e] 5 : f‘l Cl ; o
L1 TS S N S SR N
@
I
o
@ i
!
2
m b
-n
m
Pl
m
Z
(@] -
Jol N - )
T 'm_ T ey = 2 )
N 3 Lrtrrrrrzzzzza
OZ
o — mp z e e
22= g I z3 g & = 2
P _— pa va 2
5 Z
== r= @ — o 7
mr-5C m ‘i
o 4% T2
v T - > & &
3o B m = z
RLe) 42 g
PO N o R
8505 “z ’
= O o> =
~wmwm (] 3 @
© (@ @ A
= = ©5 ”
7= 7o ; -
= $ o]
O __‘ > o O
o 0 > . S
> Z Iy
Dy od b
Mo~ _> z
x Q (o} Z
»Z ®
o =
oy il
e
“



2 A T R RPN sy B O !
JR— Nt S w0
[P A S o R !
! B
I MHWH 4 -
8 -8 SN 3
z S >
S N N N [l
,m
SO Uy g 00D . N ol
T YT — - - v [
| SENERENERENENERCRSE R NN @u )
S (= - o) —
Lo [ N 3
D )
el A - . N >4
DA % a f i >, > W_
- H\V|.|\ 7 = << b w
% #uM“\ U\fkv\ ,\VM‘ t ol -

T
AUG
AUG

@ ,” RIS

t-

= ;
[P caaten ’I{l{\nlhv M , [ A ry (.l/?Lr& : - m
,Lﬁ S i - : el =
- T . : |
s RTINS DED RO e ' T T T T T T T ey e e b T
| SSAPNRSIIR: i = L AV IDRPEIEIN ol il ki 2 g i >
il 2 | i o
s e h I NN =2 | F -3 o
PR TSI = . | (SN AR
(- , NN - bl i Lox o s =
A coTLTTTIII
o W P TR A -~ 4 .
g o o R \ s o
jony o fen
a : o [
< ; < '
” '
i T
o .w.‘;]vt¢1jf\r:r:f‘I o
W L N G
|t 1 =
a
N e R TN IS, A
L - r
[se}
[N DA 5
JENERINERN BNENIN 5] ? ! m o
R RO B i o 5
NN, ¢
i
> i
< | Z f A
= . 3 '
b 7 T H T 1 s i h 7 i i T 1 T T T H | X

SIHIN TN !

SIS RSES! ST R e T e

AFB

2—1l
MONTHLY PRECIPITATION

TINKER

TINKER AFB-SOLDIER CREEK RI/FS
WORKPL AN

FIGURE

1981-1989
R1

REFERENCE: TINKER AFB,



The annual mean wind speed is 12.4 miles per hour (mph) from the
south-southeast. During January and February the prevailing wind direction
is from the north. During the months of November and December, the
prevailing direction is from the south. Highest mean monthly wind speeds
occur in March and April with magnitudes of 14.6 and 14.4 mph,
respectively. The prevailing wind directions during these months is from

the south-southeast.

2.4.2 Topography and Surface Drainage

Tinker AFB is located in a regional area characterized by nearly level to
gently rolling hills, broad flat plains and well-entrenched main streams.
Local relief is primarily the result of dissection by erosional activity
and stream channel development. At Tinker AFB, ground elevations range
from 1,210 feet (on the northwest portion of the base) to about 1,320 feet

mean sea level (at the southeast corner of the base) (Radian, 1985hb).

The principal surface water drainage ways for Tinker AFB are Crutcho,
Kuhlman, and Soldier Creeks. The extreme southern part of the base is
drained by Elm Creek (Figure 2-12), an intermittent stream, which flows to
the south and discharges into Stanley Draper Lake. Most of the base is
drained by Crutcho Creek and its tributary, Kuhlman Creek. Crutcho Creek
flows to the north and northwest and discharges into the North Canadian
River. Soldier Creek, the focus of this study, is located mainly to the
east of Tinker AFB. Soldier Creek flows to the north and discharges into
Crutcho Creek approximately three miles upstream of the confluence of
Crutcho Creek and the North Canadian River. Two tributaries of Soldier
Creek receive surface water drainage from the eastern portion of Tinker
AFB. East Soldier Creek, located on Tinker AFB, collects runoff from
roads, parking areas and buildings on the eastern portion of the base, as
well as discharge from several storm drains from the Building 3001 area.
NPDES permitted discharges from the industrial waste and sewage treatment
plants are also released into East Soldier Creek. West Soldier Creek, also
located on Tinker AFB, collects runoff from the runway system and receives

storm drain discharges from Building 3001. Figure 2-12 shows the location
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of Soldier Creek and its approximate drainage boundaries determined from

the USGS topographic maps for the area (USGS, 1975 and 1986).

Based on a stream water quality investigation by EPA Region VI, it was
concluded that the water quality of Crutcho and Soldier Creeks is poor due
to the relatively large number of organics, metals, and other contaminants
detected (EPA, 1985a). The analytical results of this investigation are

presented in Section 2.3 of this report.

2.4.3 Geology and Soils

The four major surface soil associations occurring in the study area are
shown on Figure 2-13. These soils are predominantly fine-grained residual
and alluvial deposits. Residual soil associations, the
Darnell-Stephenville, Dougherty-Norge-Teller, and Renfrow-Vernon-Bethany,
are the product of in-place weathering of underlying bedrock (USDA, 1969).
The Darnell-Stephenville association soils are described as sandy loam,
sandy clay loam, and soft sandstone. Permeability of these soils varies
from 1.4 x 107>  to 4.4 x 10 centimeters per second. The
Dougherty-Norge-Teller association soils are described as loamy sand, sandy
clay loam, clay 1loam, and silty clay loam. Permeability of these soils
ranges from 4.2 x 10’5 to 1.4 x ].0-3 centimeters per second. The
Renfrow-Vernon-Bethany association soils are comprised of silt and clay
loam, and weathered shale. Permeability of these soils varies from less
than 4.2 x 107> to 1.4 x 10 centimeters per second. The alluvial
materials, Dale-Canadian-Port association, are stream deposited silts and
sands, whose occurrence is generally restricted to the floodplains of area
streams. These alluvial deposits consist of fine sandy loam, silty clay
loam, loam and clay loam, and have a permeability range of 3.5 x 10'5 to

4.5 x 107> centimeters per second.

Soils of the Renfrow-Vernon-Bethany association exhibit slow infiltration
rates, slow to very slow water transmission rates, and higher runoff
potential. The engineering classification [Unified Soil Classification

System (USCS)] of soils in this association include inorganic clay and silt
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with slight to medium plasticity (CL, ML) and inorganic clay and silt with

high plasticity (CH, MH).

Soils of the Dougherty-Norge-Teller, Darnell-Stephenville, and the
Dale-Canadian-Port associations are characterized by moderate to slow
infiltration rates, moderate to slow water transmission rates, and moderate
to high runoff potential. The -engineering classification of soils (USCS)
in the Dougherty-Norge-Teller association include silty and clayey sand
(SM, SC) and inorganic clay and silt with slight to medium plasticity (CL,
ML). Darnell-Stephenville Soils are classified as silty and clayey sand
(SM, SC), and organic silt with slight plasticity (ML). Soils of the
Dale-Canadian-Port association are classified as clay and silt of slight to

medium plasticity (CL, ML), and silty sand (SM).

Tinker AFB is located within the Osage Plains section of the Central
Lowland physiographic province of the Interior Plains division of the
United States (Fenneman, 1946). A generalized geologic map of the study
area, is shown on Figure 2-14. The stratigraphic correlation of geologic
units in the area is shown on Figure 2-15. Geologic units which outcrop at
various locations across the base consist of Quaternary alluvium and

terrace deposits, the Permian Age Hennessey Group, and Garber Sandstone.

Quaternary alluvium, present along a portion of Crutcho Creek and Soldier
Creek, consists of unconsolidated, interfingered lenses of sand, silt, clay
and gravel. The Hennessey group, approximately 700 feet thick in the
Tinker AFB area, is composed of deep-red clay shale containing thin beds of
red sandstone and white or greenish bands of sandy shale. It is present
under surficial deposits on the southern portion of the base. Units
comprising this Group are the Kingman Siltstone and the Fairmont Shale.
The Garber Sandstone, present on the northern portion of the base, is a
deep-red to reddish orange, massive and cross bedded, fine grained
sandstone interbedded and interfingered with red shale and siltstone. It is
approximately 500 feet thick in the vicinity of Tinker AFB. The Wellington
Formation, which is often difficult to distinguish from the overlying
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Wellington Formation

Era Period Geologic unit Hydrogeologic
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Terrace deposits
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Hennessey Group Hennessey
Garber Sandstone
Paleozoic Permian Garber-Wellington

Chase Group
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Pennsylvanian

Vanoss Formation

Vanoss

Source: Modified from USGS, 1989

FIGURE 2-15
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Garber Sandstone, is a deep-red to reddish orange massive and cross bedded,
fine grained sandstone interbedded with red, purple, maroon, and gray
shale. The Chase, Council Grove, and Admire Groups consist of beds of
fine-grained, cross-bedded sandstone, shale, and thin limestone. The
Hennessey Group, Garber Sandstone, Wellington Formation and the Chase,
Council Grove and Admire Groups were deposited during the Permian period,
(230 to 280 million years ago) and are typical of redbed deposits

. characteristic of that period.

Sediment samples were taken from Crutcho and Soldier Creeks in 1985.
Sediment collected from West Soldier Creek, just inside the base boundary,
was reported as sandy material. Sediment samples from Soldier Creek taken
directly east of Building 3001 were reported to vary from sandy gravel to

soft silty clay (Radian, 1985b).

Tinker AFB lies within a tectonically stable area. No major faults or
fracture zones have been mapped near the base. Most of the consolidated
rock units of the Oklahoma City area are nearly flat-lying. The reported

regional dip is to the west at about 50 feet per mile (USGS, 1989).

2.4.4 Hydrogeology

Tinker AFB lies within the limits of the Garber-Wellington Groundwater
Basin. The Garber Sandstone, Wellington Formation, and the Chase, Council
Grove and Admire Groups comprise the Central Oklahoma Aquifer. Regionally,
groundwater in the overlying alluvium and terrace deposits, the Hennesey
Group, the Garber Sandstone, the Wellington Formation, and in the Chase,
Council Grove, and Admire Groups is part of the same flow system (USGS,
1989). The Central Oklahoma  Aquifer, often referred to as
Garber-Wellington Aquifer, will be referred to ac the Garber-Wellington
Aquifer in this report to remain consistent with past investigations. The
sandstone, siltstone and shale constituting the Gacber Wellington Aquifer
tend to be loosely cemented and have a maximum thickness of 1,000 feet.
Regionally, groundwater flows to the southwest ia the Garber-Wellington

Aquifer under both confined and unconfined conditions, depending on the
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presence of overlying shale beds. The Garber-Wellington Aquifer is exposed
at ground surface or covered by a thin layer of soil over the northern
half of Tinker AFB. The aquifer is probably overlain by a thin,
discontinuous sequence of Hennessey Group sediments (Kingman Siltstone and

Fairmont Shale) in the southern half of the base.

Recharge of the Garber-Wellington Aquifer is accomplished principally by
rainfall infiltration and surface water infiltration from streams in
contact with outcrops. Because the aquifer outcrops in the Tinker AFB
area, it is assumed that the base is situated in a recharge zone

(Engineering Science, 1982).

Regionally, the Garber-Wellington Aquifer is the single most important
source of potable groundwater in the Oklahoma City area. The quality of
groundwater derived from the Garber-Wellington Aquifer is generally good,
although wide variations in the concentrations of some constituents such as
hardness, sulfate, chloride, fluoride, nitrate, or dissolved solids, are
known to occur (Wood and Burton, 1968). A saline zone, encountered at
depths greater than 900 feet below ground surface is present beneath Tinker

AFB and its immediate surrounding area.

The local ground water flow direction is complex due to the highly variable
geology. Water-bearing zones present on site from shallowest to deepest
are as follows: perched aquifer, top of regional aquifer zone, regional

aquifer (Central Oklahoma Aquifer) zone, and the producing zone.

Shallow alluvial and residual water bearing units exist within Tinker AFB
and the surrounding area where zones of alluvium border streams and where
shallow, sandy, residual soil collects precipitation. At Tinker AFB, sandy
residual soil overlying bedrock form such units. These water bearing units
may be recharged directly by precipitation. Seasonally, they may gradually
lose water as local streams and underlying bedrock aquifers deplete limited

supplies.
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Alluvial deposits in nearby streams appear to be hydrologically connected
to a perched aquifer. The perched water system, fed oprimarily by
precipitation, recharges area streams during periods of low discharge, and
is recharged by the same streams during periods of high discharge (Tulsa

COE, 1988a).

Based on a study conducted by the Tulsa COE, contaminants were detected in
the perched water system, which is believed to be hydraulically associated
with the surface water system. Wells screened in this perched water system
in the vicinity of Soldier Creek yielded samples containing chromium,
selenium and nickel above background levels. Chlorobenzene and benzene
were detected on singular occasions. Other water quality analyses of
perched groundwater samples detected concentrations of sulfate above the
background level. The perched groundwater, where present, is quite
distinct from the potentiometric surface of the regional aquifer. The
perched groundwater system occurs above shale deposits in the more
permeable residual overburden and in the alluvial deposits. It is not
necessarily continuous over all of the base, and may occur in several
strata at the same location which are separated by zones of low

permeability (Tulsa COE, 1987).

Information gathered from previous investigations indicate that the perched
system may not be directly hydraulically connected across the northeastern
corner of the base. Specifically, the areas of interest include the
perched groundwater under the Building 3001 complex, and the perched
groundwater under the IWTP area. Groundwater flow paths and chemical data
reviewed to date indicate that perched water in these areas may not be

hydraulically connected to each other (BVWST, 1989a).

2.4.5 Surrounding Land Use

Tinker AFB lies within an area representing a transition from residential
and industrial/commercial land use on the north and west to agricultural
land use to the east and south. Soldier Creek, which flows northwest
through the area, appears to be bordered mainly by recreational and

residental areas with some areas supporting commercial and industrial land
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use (Midwest City, 1984 and Oklahoma City, date unknown). Drainage into
West Soldier Creek flows north from Tinker AFB, through mostly residential
areas. Some industry such as a metal plating facility (Figure 1-2), and a
dry cleaning facility are present within the drainage basin as well as
commercial facilities such as gas stations, auto repair facilities, and a
former sanitary landfill. In addition, three schools, Soldier Creek
Elementary, Steed Elementary, and Monroney Junior High exist within the

drainage basin.

2.4.6 Ecological Conditions

The following information discusses the different species of mammals,
birds, insects, aquatic life, and plants present on and around Tinker AFB.
Information was obtained from the "F16 Beddown Environmental Assessment”
prepared by Argonne National Laboratories for Tinker AFB (Tulsa COE,
1988d), and from the Oklahoma Natural Heritage Inventory (ONHI).

Several federal threatened or endangered bird species may occasionally
occur in the Tinker AFB area. The threatened species are the Arctic
peregrine falcon and the piping plova. The endangered species are the bald
eagle, American peregrine falcon, whooping crane, and the interior
population of the least tern. However, the potential for the occurrence of
these species in the immediate vicinity of Tinker AFB is low because
preferred habitat and known areas of congregation for these species are not

located near the base (Tulsa COE, 1988d).

Although no endangered plant species have been reported for the Tinker AFB
area (Township 11 North (T11N), Range 2 West (R2W), Oklahoma County), three
species should be given special attention because of potential endangered
or threatened species 1listing in the future. Two populations of the

Oklahoma Beardtongue (Penstemon oklahomensis) were confirmed within T11N,

R2W, Oklahoma County. Because this plant species is suffering a decline in
population due to loss of habitat, .it is currently being studied to
determine if it should be petitioned to include it on the U.S. Fish and
Wildlife Services list of endangered or threatened species (ONHI, 1989).

Ozark poverty grass (Sporobolus ozarkanus) and a sedge (Carex fissa) are

candidates 2 for federal listing as endangered or threatened species.
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Although no populations of Ozark poverty grass or Carex fissa are confirmed
within T11N, R2W, Oklahoma County; this area is within the known range of

the species (ONHI, 1989).

One species of insect which is unconfirmed in the area, but is likely to
occur in a habitat similar to Oklahoma Beardtongue is the Prairie Mole
Cricket (Gryllotalpa maijor). It is a candidate 2 species for federal

listing (ONHI, 1989).

Mammals common to habitats at Tinker AFB include the eastern fox, squirrel,
thirteen-lined ground squirrel, plains pocket gopher, eastern cottontail
rabbit, white-footed mouse, striped skunk, raccoon, opossum, Norway rat,
and the house mouse. The habitats most suited for wildlife occur primarily
in mowed grassy fields and undeveloped areas associated with drainages
(Tulsa COE, 1988d).

The most common species of birds from the Oklahoma City area which are
common to habitat types occurring at Tinker AFB are the Canada goose,
killdeer, rock dove, mourning dove, common night hawk, chimney swift,
scissor-tailed flycatcher, American crow, American robin, European
starling, common grackle, and the house sparrow. The area is in the

central flyways for migratory waterfowl (Tulsa COE, 1988d).

Creeks and ponds constitute the aquatic habitats on Tinker AFB. Ponds are
managed for largemouth bass and channel catfish. Other fish that could
occur in these habitats include red shiner, plains minnow, carp, black
bullhead, green sunfish and bluegill (Tulsa COE, 1988d).

Most of the on-base vegetated areas are mowed and landscaped. Little
natural habitat exists. The varieties of grass present include bluestem,
poverty grass, triple lawn, and Johnson. Scattered trees and shrubs occur
around many buildings, the golf course, and on less developed portions of
the base. The largest wood habitats occur along the watercourses. Woody
species include oaks, elms, willows, cottonwoods, box elders, sycamores,

redbuds, ashes, and sumacs (Tulsa COE, 1988d).
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3.0 PRELIMINARY RISK ASSESSMENT

Several studies to investigate environmental contamination on Tinker AFB
have been completed over the past five years. These investigations have
gathered limited data on surface water and sediment contamination; however,
extensive data is available regarding the nature and extent of groundwater
contamination associated with portions of the base. Groundwater
investigations have focused on areas in and around the Building 3001 site
located in the northeast portion of the base (Tulsa COE, 1988a) and an RI
is currently underway for the IWTP. A risk assessment for the Building

3001 site was completed in 1988 (Tulsa COE, 1988b).

While much is known about the groundwater contamination and associated risk
for the Building 3001 site, little is known about the nature and extent of
contamination associated with the Soldier Creek site. The purpose of this
preliminary risk assessment is to introduce the preliminary contaminants
of concern for the Soldier Creek site and the potential risks associated

with their migration.

The preliminary risk assessment provides a qualitative (conceptual)

analysis of the current and future health risks that may be associated with

the site. The preliminary risk assessment performs the following
functions:
o Focuses the planning of the RI field activities to collect data

which allow a more detailed quantitative risk assessment
evaluation to be conducted.

o Provides a foundation for the development of remedial action
objectives.

Several components comprise the preliminary risk assessment:

o Identification of the preliminary contaminants of concern [as
defined in the Superfund Public Health Evaluation Manual (EPA
1986), Risk Assessment Guidance for Superfund, Volume 11,
Environmental Evaluation Manual (EPA, 1989a), and other guidance]
which will be the primary focus of the remedial investigation.
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o Characterization of the toxicity of the selected preliminary
contaminants of concern.

o Identification of potential exposure pathways.

o} Identification of potential receptors and routes of exposure for
both the present and future land use.

o Identification of data gaps requiring the collection of
additional information during the RI to perform the quantitative
risk assessment.

As part of the data quality objective process undertaken to scope the
Soldier Creek RI, a conceptual model of the site was developed based on
relevant existing data. The Soldier Creek conceptual site model is
presented in Figure 3-1. As part of the model, possible contaminant
sources, potential migration pathways, and potential receptors were
identified for the site. This information, in concert with the available
toxicity information for each identified preliminary contaminant of
concern, was used to develop the components of the preliminary risk

assessment presented below.

3.1 PRELIMINARY CONTAMINANTS OF CONCERN

The contaminants of concern for the Soldier Creek site include all volatile
organics, BNAs, metals, cyanide, and other contaminants that have been
identified during previous investigations in and around the site.
Table 3-1 presents the list of contaminants of concern for the site, their
corresponding Chemical Abstract Service (CAS) numbers, and information

regarding the toxicity of the contaminants.

The chemicals of concern were identified by reviewing existing remedial
investigation data for Building 3001 and existing data for Soldier Creek,
including sediment, surface water, and groundwater sampling results.
Contaminants present in the perched aquifer beneath the IWTP in the
northeast section of the Tinker AFB were also considered, since the
hydrologic relationship of this water table with the perched aquifer
located below Building 3001 is wuncertain and the two tables could

potentially be connected. The comprehensive 1list of contaminants of
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concern for the Soldier Creek site was reviewed by selected primary data
users and reduced to a focused list of preliminary contaminants of concern
for the Soldier Creek RI. This reduced 1list includes the following

preliminary contaminants of concern:

o Metals
- Cadmium
- Chromium
- Copper
- Lead
o} Volatile Organics
- trans-1,2-Dichloroethene
- Trichlorocethene
- Tetrachloroethene
- 1,2-Dichlorobenzene
- 1,4-Dichlorobenzene
o] Others

- Cyanide

These chemicals were selected based on criteria for identification and
selection of contaminants of concern (EPA, 1986) and include such factors
as chemical toxicity, mobility, persistence, and prevalence as indicated by
existing data. These preliminary contaminants of concern for the Soldier
Creek site do not represent the comprehensive listing of contaminants of
concern for the site. Identification of the preliminary contaminants of
concern focuses sampling efforts and analytical requirements toward
detection of the above and related compounds in each environmental medium

of interest.

3.2 INHERENT TOXICITY

Toxicity information for each of the preliminary contaminants of concern is
presented below. The primary purpose of this discussion is to illustrate
the hazardous nature of the preliminary contaminants of concern for the

Soldier Creek site. An evaluation of toxicity of the contaminants of
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concern identified by the RI will be conducted for the final risk
assessment. The toxicological characteristics of each identified
contaminant of concern can then be evaluated in the context of the actual

or potential human or environmental exposures.

As discussed in the previous section, the list of preliminary contaminants
of concern represents a subset of the total 1list of chemicals identified
during previous investigations at the site. Many of the other chemicals
present are equally toxic. Once additional data have been collected to
characterize the extent of contamination at the site, an evaluation of the
toxic effects associated with potential human or environmental exposures to

the contaminants of concern will be conducted.

In addition to the following discussions, reference doses (RfDs) and cancer
slope factors for the potential contaminants of concern are included in
Table 3-1. The RfDs have been established to characterize risks associated
noncarcinogenic effects. Cancer slope factors are the upper 95 percent
confidence limits on the slope of the dose-response curve. Cancer slope
factors are used to estimate potential carcinogenic risk. As provided in
Table 3-1, the RfDs and cancer slope factors are for comparison purposes
only. The cited reference should be consulted for more detailed
information concerning each value and the references used in developing the

values.

3.2.1 Cadmium

Cadmium concentrations were detected in sediment samples from several
on-base and off-base portions of Soldier Creek. Short-term exposures to
high doses of cadmium are rare, however, acute exposures to high levels of
cadmium compounds are highly irritating to the epithelial cells of the
gastrointestinal or respiratory tract. Other tissues affected by high
doses, especially when given to animals by injection, include the liver and
testes. Oral doses ranging from 1,500 to 8,900 mg have proven to be fatal
in humans, and an acute oral LD50 of 50 to 300 mg/kg (body weight) has been

reported for animals. LD50 is defined as that quantity of a substance
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necessary to kill 50 percent of exposed populations within a specified
time. Fatality from the inhalation of cadmium fumes is primarily the
result of marked pulmonary edema. An inhalation LD50 for animals exposed
to cadmium oxide at 500 to 4,000 (mglms)—min for 10 to 30 minutes has been

reported (ATSDR, 1987a).

Chronic low-level exposure to cadmium by either the oral or inhalation
route is of a greater health concern. Long-term exposure may result in
kidney damage, leading to the formation of kidney stones and skeletal
effects, or lung damage such as fibrosis or emphysema. Cadmium exposure is
reported to cause high blood pressure in animals, and affect the liver,
testes, immune system, nervous system, and blood in humans and animals. 1In
addition, there exists adequate evidence from animal studies to conclude
that chronic inhalation of cadmium chloride is associated with increased
frequency of lung tumors. However, there is limited evidence to support

that cadmium is carcinogenic to humans (ATSDR, 1987a).

3.2.2 Chromium

Chromium concentrations were detected in sediment and groundwater samples
from several on-base and off-base portions of Soldier Creek. Chromium (VI)
compounds are more highly toxic than chromium (III) compounds since they
are more readily absorbed via all routes of exposure (inhalation,
ingestion, direct contact). Acute doses of chromium (VI) compounds may
result in kidney damage. Chromium is an essential element for human Llife;
the recommended daily dietary intake for adults ranges from 50 to 200
mg/day. Oral LD50 ranges for humans have been reported to be from 16.7 to
22.5 mg/kg soluble chromium (VI)(ATSDR, 1987b).

Dermal exposure to chromium compounds can also be highly toxic. The
reported LD50 for a rabbit exposed to chromium (VI) compounds ranges from
100 to 1,640 mg/kg, and is dependent upon compound administered. At one
time, an ointment containing chromium (VI) was wused as an antiscorbutic.
Application of the ointment resulted in necrosis of the skin, kidney

damage, and death (ATSDR, 1987b).
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Exposure to chromium compounds for a moderate period of time causes nasal
mucosal ulceration and perforation at peak levels of 0.02 to 0.046 mg/m3.
Chromium (VI) exposure can also cause nasal mucosal atrophy and irritation
at levels as low as 0.0025 to 0.011 mg/m3. Chromium (VI) exposure can also
cause transient decreases 1in lung function. Chromium (VI), in animal
studies, has been shown to be developmentally and reproductively toxic. 1In
addition, in vivo assays of the genotoxicity of chromium (VI) in nonhuman
systems have shown positive results for mutations, chromosome effects, and

cell transformations (ATSDR, 1987b).

Long-term, chronic exposure to chromium (VI) compounds in occupational
settings can be associated with respiratory tract cancer. Studies have
shown that a dose-related increase in lung cancer death rates exist among
chromate production workers. Exposure to chromium (VI) compounds has also
been shown to affect the immune system, nervous system, and the liver

(ATSDR, 1987b).

3.2.3 Copper
Copper was detected in sediment samples from on-base and off-base portions

of Soldier Creek and in storm sewer discharges from Building 3001 on Tinker
AFB (NUS, 1989). Copper dusts, mists, or fumes can adversely affect the
body if they are inhaled or if they come into contact with the eyes or
skin. Powdered copper or dusts, or mists of copper salts may cause a
feeling of illness similar to the common cold with sensations of chills and
stuffiness of the head. Small copper particles may enter the eye and cause
irritation, discoloration, and damage (HHS, 1978a). Copper fume causes
irritation of the eyes, nose, and throat, and a flu-like illness called
metal fume fever. Symptoms of metal fume fever include fever, muscle
aches, nausea, chills, dry throat, cough, and weakness. Copper fume may
also cause a metallic or sweet taste in the mouth. Reported or prolonged
exposure may cause skin irritation or discoloration of the skin or hair

(HHS, 1978b).

Tinker AFB - Soldier Creek 3-10
RI Workplan
Final/40054.103



Inhalation of dusts and mists of copper and copper salts result in
irritation of the upper respiratory tract, with occasional ulceration and
perforation of the nasal septum. Inhalation of copper and its compounds by
animals causes injury to the lungs and liver with hemochromatosis. Access
of sheep to salt licks containing 5 to 9 percent copper sulfate caused the
sudden onset of hemolytic anemia, icterus, and hemoglobinuria followed by
death in a day or two; at necropsy, the liver, kidneys, and spleen showed
severe degenerative changes. Workers exposed to copper dusts in
concentrations of 0.075 to 0.120 mg/m3 complained of mild nasal discomfort.
Upon ingestion, copper salts act as irritants and cause nausea, vomiting,
abdominal pain, hemorrhagic gastritis, and diarrhea. Copper salts splashed
in the eye cause conjunctivitis, corneal ulceration, and turbidity, and may
produce palpebral edema. Copper particles embedded in the eye result in
pronounced foreign-body reaction with characteristic discoloration of

ocular tissue (HHS, 1978a).

Copper fume is an irritant to the upper respiratory tract. Exposure of
workers to copper concentrations of 1 to 3 mg/m3 for short periods resulted
in altered taste response but no nausea; levels of from 0.02 to 0.4 mg/m3
produced no complaints. Transient irritation of the eyes has been
documented following exposure to a fine dust of oxidation products of

copper produced in an electric arc (HHS, 1978b).

3.2.4 Lead

Concentrations of lead were detected in the sediments of on-base and
off-base portions of Soldier Creek. Exposure to lead, either orally or by
inhalation, causes adverse developmental effects in fetuses and children.
Fetal exposure to lead can result in preterm birth, reduced birth weight,
and decreased intelligence quotient (IQ). Later in life, exposure can lead
to decreased IQ scores, growth reduction in children, and increased blood
pressure in middle-age men. The lowest lethal oral dose of lead reported
for a dog and guinea pig are 191 and 313 mg/kg, respectively (ATSDR,
1988a).
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Lead affects four principal target organs or systems: the central nervous
system (CNS), the peripheral nervous system, the kidney, and the
hematopoietic system (Cassarett and Doull, 1980). Several factors can
influence the toxicity of lead on these systems, including the chemical

form of lead encountered and composition of the diet.

Lead’s impact on the CNS ranges from lead neuropathy to subtle behavioral
and neurological changes. Lead neuropathy is characterized by symptoms
varying from dullness, restlessness, irritability, headache, muscular
tremor to convulsions, coma, and death. Lead neuropathy is associated with
chronic or subchronic exposures to high lead levels (Cassarett and Doull,

1980).

The effect of lead on the peripheral nervous system is characterized by
demyelination and degeneration of peripheral nerves which results in the
slowing of nerve conduction velocity (Cassarett and Doull, 1980). At high
lead exposure levels, this damage to the peripheral nerves can be
manifested as weakness in the extensor muscles or "lead palsy." Reduction
in nerve conduction velocity has also been detected at very low levels of
lead exposure but the impact on muscular function has not always been

detectable.

Two categories of kidney toxicity have been associated with lead exposure.
The first category is characterized by damage to the proximal tubules and
is reversible with treatment. The second category, appears to be
associated with longer term exposures and involves a progressive disease
characterized by interstitial fibrosis, sclerosis of kidney vessels, and
glomerular atrophy which may continue even after exposures have ended

(Cassarett and Doull, 1980).

Other toxic effects associated with lead include anemia and
carcinogenicity. Studies of rats given orally administered lead acetate at
25 mg/kg/day (500 ppm lead) for 2 years showed that the rats had increased
incidences of kidney tumors (ATSDR, 1988a).
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3.2.5 Trans-1,2-Dichlorcethene

Trans-1,2-Dichloroethene was identified as a chemical of concern in the
groundwater beneath Tinker AFB during the risk assessment for Building 3001
(Tulsa COE, 1988b). Trans-1,2-DCE is included as a preliminary a
contaminant of concern for the Soldier Creek site due to potential for
migration of the chemical from the perched aquifer beneath Building 3001 to
Soldier Creek via recharge. Short-term exposure of t-1,2-DCE wvapor 1is
narcotic and irritating to the mucous membrane in humans. The lowest
concentration of vapor causing detrimental effects in humans is reported to
be 4,800 mg/m3 for a 10 minute exposure period. Exposure at these limits
causes behavioral problems including excessive sleep, hallucinations, and
distorted perceptions. The oral LD50 for mice is reported to be 2,122
mg/kg with somnolence and ataxia resulting before death occurs. A study
that placed a sample of t-1,2-DCE in the intraperitoneal cavities of mice

yielded an LDS0 of 4,019 mg/kg (HHS, 1987).

Intermediate exposure of animals to t-1,2-DCE vapors has been shown to
cause fatty changes in the liver and minor changes in the lungs following
exposure at 200 ppm for 16 weeks (EPA, 1984). A microsomal assay
conducted on common yeast cultures showed that t-1,2-DCE was a teratogen, a
mutagen, and a carcinogen to the yeast cells at a concentration of 80

mmole/l (HHS,1987).

3.2.6 Trichloroethene

Trichloroethene (TCE) concentrations were detected in the groundwater
samples taken from the aquifer located beneath the IWTP and from on-base
and off-base sediment samples of Soldier Creek. TCE affects the human CNS
when breathed in air at high concentrations, causing effects such as
dizziness, headache, slowed reaction time, sleepiness, and facial numbness.
Eye, nose, and throat irritation occur at similar concentrations, and the
effects are more pronounced after longer exposures. A lethal inhalation
dose of 2,900 ppm has been reported for humans. Four-hour inhalation LD50s
of 12,400 ppm for rats and 8,450 ppm for mice have been reported.
Inhalation studies with mice and rats indicate that TCE is fetotoxic, but

not teratogenic (ATSDR, 1988b).
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Oral and inhalation exposure of animals to high levels of TCE produced
liver and kidney damage, effects on the immune system and blood, and cancer
of the liver, kidney, and lung. Oral LD50s of 7,330 mg/kg for rabbits and
5680 mg/kg for dogs have been reported. A single dose of 7,000 mg/kg of
TCE is known to be lethal to humans. Chronic oral exposure to TCE produces
increased incidences of hepatocellular carcinomas in mice and marginally
significant increased incidences of renal adenocarcinomas in rats (ATSDR,

1988b).

3.2.7 Tetrachloroethene

Groundwater samples from the perched aquifer beneath the IWTP contained
concentrations of tetrachlorethene (PCE) greater than the allowable state
water quality standards. As with t-1,2-DCE, PCE is included as a
preliminary contaminant of concern for the Soldier Creek site due to the
potential for migration of the chemical from the perched aquifer to Soldier

Creek via recharge.

Single exposures of high concentrations of PCE in air can affect the human
CNS causing dizziness, headache, sleepiness, confusion, nausea, difficulty
in speaking and walking, unconsciousness, and even death. The threshold
concentrations for adverse effects are reported to be as low as 100 to 200
ppm for a 5.5 to 7 hour -exposure. The l4-day LDSOs for male and female
rats are reported to be 3,835 and 3,005 mg/kg, respectively. At one time,
PCE was orally administered to humans as an antihelminthic at doses of 60
to 86 mg/kg (2.8 to 4.0 ml). Ingestion of 60 to 80 mg/kg of PCE produces
effects similar to drinking alcohol (ATSDR, 1987c).

The consequences of long-term exposure by breathing lower levels (less than
100 ppm) or ingesting low levels of PCE found in water supplies are
unclear, however, animal studies suggest the potential for liver and kidney
damage, developmental effects on fetuses, toxicity to pregnant animals,
liver cancer, and leukemia. PCE also affects the CNS of mice at
concentrations as low as 60 ppm. Long-term exposure to PCE vapors has been

reported to increase the incidences of mononuclear cell leukemia in both
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male and female rats exposed to 200 or 400 ppm PCE. In addition, for male
and female mice treated by gavage 5 days per week for 78 weeks with 300 to
550 mg/kg/day time weighted average doses of PCE, it was reported that
increased incidences of heptacellular carcinomas occurred in both the male
and female mice. Based on animal evidence, experts presume that PCE 1is

carcinogenic in humans (ATSDR, 1987c).

3.2.8 1,2-Dichlorobenzene

1,2-Dichlorobenzene has been detected in groundwater samples from the
perched water table beneath the IWTP in the northeast portion of Tinker
AFB. It 1is not known at this time whether or not this aquifer is

hydrologically connected to the perched aquifer beneath Building 3001.

Short-term exposure to 1,2-dichlorobenzene vapor may cause irritation of
the upper respiratory tract and eyes. Higher concentrations may cause
drowsiness, unconsciousness, or even death. Dermal contact with
1,2-dichlorobenzene may result in burning of the skin and eyes, with
permanent tissue damage. Prolonged dermal exposure can result in
sensitization dermititis, and pure liquid remaining on skin may produce
blistering. Prolonged or repeated inhalation of high concentrations of

vapor may cause liver or kidney damage (HHS, 1978c).

Inhalation of vapor at high concentrations is highly toxic to the liver and
kidneys of animals. Inhalation of 1,2-dichlorobenzene vapors was fatal to
rats exposed at 977 ppm for 7 hours, but the rats survived when exposed for
only 2 hours. At exposure concentrations of 535 ppm for 3 hours, animals
incurred marked centrolobular necrosis of the liver, as well as cloudy
swelling of the tubular epithelium of the kidneys. Animals exposed to 93
ppm for 7 hours per day showed no adverse effects. Daily occupational
exposure of workers at 15 ppm did not result in any adverse impacts to

worker health (HHS, 1978c).
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3.2.9 1,4-Dichlorobenzene

Groundwater samples from the perched aquifer beneath the IWTP contained
concentrations of 1,4-dichlorobenzene greater than the allowable state
water quality standards. Inhalation exposure to 1,4-dichlorobenzene in
concentrations associated with potential occupational exposure can cause
headaches and dizziness. Exposure levels that could result in death would
only be associated with an odor so intense and intolerable, that it would
serve as a warning sign. A study of the oral lethality of
l,4-dichlorobenzene to rats and guinea pigs showed that a single dose of
4,000 and 2,800 mg/kg, respectively, resulted in the death of 100 percent
of the test specimens, while doses of 1,000 and 1,600 mg/kg did not result
in death (ATSDR, 19874d).

1,4-dichlorobenzene is toxic to the CNS, the liver, and the kidneys.
Short-term (20 to 30 minutes) inhalation exposure of animals to high
concentrations (16,000 ppm) resulted in CNS depression, muscle twitching,
tremors, and nystagmus. Hepatic effects include liver degeneration,
necrosis, porphyria, and enzyme level changes. These effects have been
reported in animal studies by both oral and inhalation exposure routes for
short- and long-term exposures. 1,4-dichlorobenzene is also reported to be
developmentally toxic to rats gavaged with 500 mg/kg/day during days 6
through 15 of gestation. 1,4-dichlorobenzene was also found to be an oral
carcinogen in both rats and mice continuously fed a diet containing the
chemical for two years. In the same study, it was reported that the
incidences of hepatocellular carcinomas in high-dose males and the
incidences of hepatocellular adenomas in both high- and low-dose males and

in high-dose females were increased (ATSDR, 1987d).

3.2.10 Cyanide
Cyanide concentrations 'exceeding state water quality standards were

reported in surface water samples from Soldier Creek (EPA, 1984b). Brief
exposure to high levels of cyanide compounds or vapors adversely affects
the human CNS, the respiratory and cardiovascular systems. Short-term

exposure to extreme levels can result in coma or death. Exposure at lower
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cyanide levels can lead to rapid, deep breathing, shortness of breath,
convulsions, or loss of consciousness. However, the effects are reversible
over time since cyanide does not remain in the body. Inhalation of
hydrogen cyanide gas is immediately fatal to humans at concentrations of
270 ppm, fatal after 0.5 to 1 hour at concentrations of 110 ppm, and 1is
slightly toxic to humans when exposed for several hours at concentrations
of 18 ppm. The human LD50 for cyanide is reported to be 1.52 mg/kg (body
weight). Dermal contact with dust from cyanide suits causes skin

irritation and ulcerations (ATSDR, 1988c).

Long-term exposure to cyanide can be neurotoxic, resulting in deafness,
visual problems, or loss of muscle coordination; and thyrotoxic, leading to
cretinism or formation of an enlarged thyroid gland. A study showed .that
fumigation workers who had experienced episodes of acute hydrogen cyanide
intoxication, showed EKG abnormalities when tested. Another study showed
that 56 percent of workers occupationally exposed to cyanide at
concentrations of 6.4 to 10.4 ppm for 5 to 15 years had enlarged thyroids.
Gavage of pregnant rats to a cyanide-containing diet resulted in
fetotoxicity. Cyanide is not a proven human or animal carcinogen (ATSDR,

1988c).

3.3 POTENTIAL MIGRATION PATHWAYS

A migration pathway is defined as the route by which contaminants of
concern are transported from a source to a potential receptor (EPA, 1986).
The health risks associated with the identified contaminants of concern
occur when the potential for exposure to humans exists. The exposure

potential increases when:

o Activities bring receptors into contact with the source of
contamination.
o Contaminants of concern migrate via a pathway to receptor

exposure points.

The potential for contaminants to migrate to or from the Soldier Creek site

is dependent upon the physical and chemical properties of the contaminants,
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the environmental processes affecting them, and the media through which the
contaminants are migrating. Three potential migration pathways are the (1)

surface water/sediment route, (2) groundwater route, and (3) air route.

3.3.1 Surface Water/Sediment

Contaminants could be transported into Soldier Creek via direct discharge
from IWTP and STP outfalls into East Soldier Creek or storm sewers into
East and West Soldier Creeks, runoff from on-base and off-base spill
sources, and recharge of the stream at various points from contaminated
groundwater. Existing data does not permit evaluation of the extent to

which migration has occurred.

East Soldier Creek 1is fed primarily by effluent discharge from IWTP. and
STP, and by surface runoff, storm drains, and recharge of perched
groundwater. The east side of Building 3001 drains to the creek. In
addition, East Soldier Creek potentially recharges the top of the regional
aquifer. West Soldier Creek is primarily a drainage ditch which receives
surface runoff and cooling waters from Building 3001. West Soldier Creek
is known to recharge the perched aquifer which 1lies under Building 3001.
Improper connections between industrial wastewater lines and storm drains
have in the past caused the discharge of industrial wastes into both East
and West Soldier Creeks. The presence of hazardous materials in the storm
water sewer, and subsequently the creek, could also be the result of past
washing down or possible dumping of waste 1liquids or solvents into the
drains. The majority of the discharge points to the creek have now been

closed off (Tulsa COE, 1988b).

Once in the creek, volatile contaminants within the surface water column
could escape to the atmosphere. The transportable sediment fraction
contaminated with VOCs, metals, and other contaminants could be moved
downstream by increases in stream velocity. During periods of heavy rains,
the potential for contaminant migration would be greater since contaminated
material could be more easily transported downstream. In addition, an
increase in surface runoff could result in increased 1leaching of

contaminants to the surface water from contaminated surface soils.

Tinker AFB - Soldier Creek 3-18
RI Workplan
Final/40054.103



3.3.2 Groundwater

Existing information suggests that groundwater is a potential migration
pathway since the perched aquifer is recharged by West Soldier Creek at
various points. Percolation of surface water and precipitation through
contaminated sediments could also result in the migration of contaminants
into the groundwater system. In addition, if the perched aquifer beneath
Building 3001 is hydrologically connected to the perched aquifer situated
beneath the northeast portion of the site, the potential exists for
contaminants to migrate within the groundwater beneath the base and be
transported to the surface water and sediment of Soldier Creek via
recharge. Previous investigations show that the perched water table below
the IWTP is contaminated with a different array of contaminants than the

aquifer below Building 3001 (Tulsa COE, 1988b).

3.3.3 Air

Volatilization of certain organic compounds may occur in Soldier Creek if
VOCs reach the water column and the stream is flowing at a rapid enough
rate for wvolatilization to occur. Metals and less volatile organic
chemicals (i.e. BNAs), however, will tend to stay adsorbed onto sediment
and soil particles, and will not volatilize into the atmosphere. Based on
review of existing data, it does not appear that exposure to VOCs via
volatilization from Soldier Creek surface water is a significant exposure

pathway.

Migration of contaminants to the air from contaminated surface soils and
sediments may also be considered. At this time, however, there is no data
to suggest that there may be exposure to on-base or off-base residents,
workers, or visitors, by airborne contaminants from the Soldier Creek site.
If intrusive activities, including but not limited to excavation of
contaminated surface or subsurface materials, is required, potential
exposure to contaminants via the air pathway shall be evaluated at that

time.
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3.4 POTENTIAL RECEPTORS AND ROUTES OF EXPOSURE

The risks associated with contaminant transport via the migration pathways
can be assessed after determination of the potential receptors for the
site. Potential receptors are defined as the human or environmental
populations that could be exposed to contaminants of concern (EPA, 1986).
Examples of current and future potential human receptors for the Soldier

Creek site include, but are not limited to:

o Residents, workers, and visitors of Tinker AFB.

o Off-base human populations using a public or private water supply
which could be adversely affected by the contaminants of concern.

Examples of environmental receptors of the contamination from Soldier Creek

include:
o Aquatic populations of Soldier Creek.
o Wildlife drinking Soldier Creek surface water.

Evaluation of the potential adverse impacts of Soldier Creek on public
health and the environment requires an understanding of the nature and
degree of human and environmental receptor exposure to site contaminants.
The conditions of exposure help determine the actual doses received by the

organism and, therefore, the type of toxic effect that may be expected.

This section presents the potential scenarios for human or biotic exposure
to contaminants associated with the Soldier Creek site. The scenarios,
listed in Tables 3-2 and 3-3, identify the activities which make exposure
to contaminants of concern possible, the route (oral, iﬁhalation, dermal)
by which the exposure might occur, and the population potentially affected.
The purpose of these scenarios is to identify additionai information which
needs to be collected before assessment of the significance of the

exposures can proceed.

These scenarios are largely conceptual. However, they are based on the

contaminant transport pathways discussed in the previous section and
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TABLE 3-2

POTENTIAL HUMAN EXPOSURE SCENARIOS

MEDIUM

Sediment

Surface Water

Groundwater

Tinker AFB -~ Soldier Creek
Rl Workplan
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TINKER AFB -SOLDIER CREEK RI/FS

RI WORKPLAN

SCENARIO

Direct contact with contaminated
Soldier Creek sediment.

Ingestion of and dermal contact
with contaminated surface water
(on-base and off-base).

Ingestion of contaminated fish
from Soldier Creek.

Ingestion of contaminated
groundwater from private and
municipal water supply wells.

Inhalation of volatile organic
contaminants released during
showers or other household uses
of groundwater.

3-21

POPULATION-AT-RISK

Tinker AFB residents, workers,
and visitors, as well as
off-base residents.

Tinker AFB residents, workers,
and visitors. Off-base
residents.

Recreational fishermen and
their families.

Town populations and private
residences using municipat
and private wells affected

by the site.

Town populations and private
residences using wells
affected by the site.



TABLE 3-3

POTENTIAL ENVIRONMENTAL EXPOSURE SCENARIOS
TINKER AFB -SOLDIER CREEK RI/FS

MEDIUM

Sediment

Surface Water
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SCENARIO

Direct contact with or ingestion
of contaminated sediment.

Ingestion of contaminated
organisms.

Ingestion of contaminated
Soldier Creek surface water.

Ingestion of contaminated fish
from Soldier Creek.

3-22

POPULATION-AT-RISK

Burrowing mammals and
insects. Agquatic populations
(frogs, turtles, etc.).

Burrowing mammals and
birds. Aquatic populations.

Wildlite drinking from
Soldier Creek.

Raccoons, ducks, and other
avian fisheaters.



activities that are known to have been associated with the site. The
exposure scenarios are subject to change pending additional site

information.

3.5 RISK ASSESSMENT DATA GAPS

This section of the preliminary risk assessment presents the additional
data to be collected during the remedial investigation to allow a
quantitative human risk assessment and a qualitative environmental risk
assessment to be conducted. A summary of the risk assessment data gaps 1is
presented in Table 3-4. Collection of additional data to allow the

following items to be evaluated is of particular importance:

o Determination of receptor populations potentially exposed to
contamination within Soldier Creek.

o Characterization, by medium, of the nature and extent of
contamination in Soldier Creek.

These data requirements are addressed in the design of the remedial
investigation, and are subject to change pending additional site

information.
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TABLE 3-4

SUMMARY OF RISK ASSESSMENT DATA GAPS
TINKER AFB - SOLDIER CREEK RI/FS

Rt WORKPLAN
CATEGORY INFORMATION MISSING
MIGRATION PATHWAY
Sediment o Depth of contamination within stream sediment.

o Downstream extent of contamination within
Soldier Creek which may bs attributable to
Tinker AFB.

o Sediment particle size fraction(s) which may
be transport mechanism(s) for adsorbed
contaminants

Surface Water 0 Rate and volume of flow at specific focations
along Soldier Cresk and major tributaries
from Tinker AFB.

o Potential losing and gaining segments of
Soldier Creek and major tributaries from
Tinker AFB.

o Contaminant concentrations within Soldier
Creek water column.

o Off-base inflow points to Soldier Creek and
major tributaries from Tinker AFB which may
contribute to flow and/or contamination of
the stream.

Groundwater 0 Water levels in selected existing off-base
waells located within the Soldier Creek
drainage basin.

o Contaminant concentrations of groundwater
collected from selected existing off-base
wells.

o Hydrological relationship of perched aquifers.
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TABLE 3-4 (Continued)

SUMMARY OF RISK ASSESSMENT DATA GAPS
TINKER AFB - SOLDIER CREEK RI/FS

Rl WORKPLAN
CATEGORY INFORMATION MISSING
RECEPTOR
Human o Current and potential future land use
surrounding Soldier Creek.
o Demographics for the Soldier Creek site
vicinity.
0 Municipal/recreational use of Soldier Creek.
Biotic 0 Aquatic Biota in Soldier Creek.
0 Endangered species in Soldier Creek site
vicinity.
0 Terrestial and avian wildlife use of Soldier
Creek.
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4.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)

Section 121(d) of CERCLA, as amended by SARA, states that any remedial
action selected for a site must, at a minimum, attain a degree of cleanup
which assures protection of human health and the environment. In addition,
at the completion of the remedial action, a level or standard of control
under federal or state environmental law that meets legally applicable or
relevant and appropriate requirements (ARARs) must be attained for any

hazardous substance, contaminant, or pollutant that remains onsite.

EPA’s Interim Guidance on Compliance with Applicable or Relevant and
Appropriate Requirements (EPA, 1986) and CERCLA Compliance with Other Laws
Manual, Parts I and II, Interim Final (EPA, 1988 and 1989c) establish how
requirements of federal and state laws are generally identified and applied
to remedial actions at hazardous waste sites. ARARs are identified by
applying a two-tier test to first determine if the requirement 1is
applicable, and second, if it 1is not applicable, to determine if it is
relevant and appropriate. The guidances provide the following definitions

of "applicable” and "relevant and appropriate® requirements:

o Applicable requirements are "those cleanup standards, standards
of control, and other substantive environmental protection
requirements, criteria, or limitations promulgated under federal
or state law that specifically address a hazardous substance,
pollutant or contaminant, remedial action, location, or other
circumstances at a8 CERCLA site" (EPA, 1988).

o Relevant and appropriate requirements are "those cleanup
standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations
promulgated under federal or state law that, while  not
"applicable” to a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA
site, address problems or situations sufficiently similar to
those encountered at the CERCLA site that their use 1is well
suited to the particular site. However, in some circumstances, a
requirement may be relevant but not appropriate for the
site-specific situation" (EPA, 1988). )
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The judgment as to the relevance and appropriateness of a requirement can
be made based on several factors, including the type of the remedial action
contemplated, the hazardous substances in question, or the physical
characteristics of the site. Only portions of requirements may be relevant
and appropriate for a remedial action; however, any requirement or portion
thereof that is determined to be relevant and appropriate must be fulfilled

to the same degree as if it were applicable.

There are three types of ARARs. Chemical-specific ARARs establish health
or risk-based concentration limits for the various environmental media.
The chemical-specific ARARs may set a level of cleanup or discharge.
Location-specific ARARs set limitations on remedial activities as a result
of the site characteristics. These can include restrictions for activities
performed in wetlands, flood plains, and historical sites. Action-specific
ARARs establish controls on the remedial activities that are a part of the

remedial solution.

o Chemical-Specific ARARs

- Chemical-specific ARARs (1) set levels that are considered
protective of human health and the environment for the
contaminants of concern in the designated media or (2)
indicate an acceptable 1level of discharge, if discharge
occurs as part of a remedial activity. If a contaminant has
more than one requirement that is applicable or relevant and
appropriate, the most stringent one generally requires
compliance.

o} Location-Specific ARARs
- Location-specific  ARARs establish restrictions on
concentrations of hazardous substances or on conducting
activities solely because they are in specific locations
such as wetlands, flood plains, historical places, and

sensitive habitats.

o Action-Specific ARARs
- Action-specific requirements are not established for a
specific contaminant but rather by the activities that are
selected to accomplish a remedy. They may  establish
performance levels, actions, or technologies as well as
specific levels for discharged or residual contaminants.
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Tables 4-1, 4-2, and 4-3 present the preliminary 1list of potential
chemical-specific, location-specific, and action-specific ARARs,
respectively, for the Soldier Creek site. Since ARAR selection 1is a
dynamic process and subject to change, Table 4-1 lists only the ARARs
selected based on the currently identified contaminants of concern and
available site information. The 1list of ARARs to be considered may
increase as further information pertaining to site contaminants and

conditions is gathered.
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TABLE 4-1

POTENTIAL CHEMICAL-SPECIFIC ARARS

TINKER AFB - SOLDIER CREEK RI/FS
Rl WORKPLAN

Standard, Requirement,

Criteria, or Limitation Description

Federal Chemical-Specific ARARs

Safe Drinking Water Act
(40 USC Section 300)

National Primary Drinking
Water Standards
(40 CFR Part 141)

National Secondary Drinking
Water Standards
(40 CFR Part 143)

Maximum Contaminant Level

Goals
(Pub. Law No. 99-339,
100 Statute 642, 1986)

Clean Water Act
(33 USC Section 1251-1376)

Water Quality Criteria
(40 CFR Part 13)

EPA Regulations on Criteria
and Standards for NPDES
(40 CFR 125)

Solid Waste Disposal Act
(40 USC Section 6901-6987)

Identification and Listing of
Hazardous Waste
(40 CFR Part 261)

Land Disposal Restrictions
(40 CFR Part 268)

Clean Air Act
(42 USC Section 7401-7642)

Nationat Primary and Secondary
Ambient Air Quality Standards

(40 CFR Part 50)

Tinker AFB - Soldier Creek
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4-4

Establishes health-based standards for public
water systems (maximum contaminant levels).

Establishes welfare-based standards for public
water systems (secondary maximum contaminant
levels).

Establishes drinking water quality goais set
at levels of no known or anticipated adverse
heaith effects, with an adequate margin of safety.

Sets criteria for water quality based on toxicity
to aquatic organisms and human heaith.

Establishes treatment requirements, permit
issuance guidelines, compliance variances, and
alternative effluent limitations.

Defines those solid wastes which are subject to
regulation as hazardous waste under 40 CFR Parts
262-265 and Parts 124, 270, and 271.

Establishes a timetable for rastriction of buriat
of wastes and other hazardous materials.

Establishes standards for ambient air quality to
protect public health and weltare (including
standards for particulate matter and lead).



TABLE 4-1 (CONTINUED)

POTENTIAL CHEMICAL-SPECIFIC ARARS
TINKER AFB - SOLDIER CREEK RI/FS
RI WORKPLAN

Standard, Requirement,
Criteria, or Limitation

Federal Chemical-Specific ARARs (Continued)

Clean Air Act (Continued)
(42 USC Section 7401-7642)

EPA Regulations on National
Emission Standards for
Hazardous Air Pollutants

(40 CFR Part 61)

EPA Regulations for Assessment
and Collection of Non-compliance
Penalties.

(40 CFR Part 66)

EPA Guidelines Establishing
Test Procedures for the
Analysis of Pollutants

(40 CFR Part 136)

EPA Designation, Reportable
Quantities, and Notification
(40 CFR Part 302)

Qkiahoma Chemical-Specific ARARS

Oklahoma Water Quality Standards
(82 O.S. Supp. 1988,
Sections 926.1-926.13)

QOklahoma Air Pollution Regulations

(Oklahoma State Department of Heaith)
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Description

Establishes emission standards for specific
hazardous contaminants for stationary facilities.

Sets forth procedures by which EPA will administer
a non-compliance penalty as provided by Section 120
of the Clean Air Act.

EPA regulations on test procedures for the analysis
of pollutants.

Designation of reportable quantities and notification
requirements for hazardous substances under CERCLA

Establishes numerical water quality criteria for
groundwater and surface waters based on use
classifications. The uses designated for Soldier

Creek include agricultural, industrial and manufacturing
process and cooling water, aesthetics, habitat limited
fishery, and secondary body contact recreation.

Establishes quantitative limits for air emissions
from specific sources and of specific contaminants,
including organic materials, VOCs, solvents,

and other hazardous and toxic air pollutants.



TABLE 4-2

POTENTIAL LOCATION-SPECIFIC ARARS

TINKER AFB - SOLDIER CREEK RI/FS
Rl WORKPLAN

Standard, Requirement,
Criteria, or Limitation Description

Federal Location-Specific ARARs

National Historic
Preservation Act
(16 CFR Part 470, et seq.)

Archaeological and
Historic Preservation Act
(16 USC Section 469,

36 CFR Part 65)

Historic Sites, Buildings
and Antiquities Act

(16 USC Section 461-467,
40 CFR Section 6.301(a))

Fish Wildlife Coordination Act
(16 USC Section 661-666)

Endangered Species Act
(16 USC 1531 et seq.,
50 CFR Part 200,

50 CFR Part 402)

Rivers and Harbors Act of 1899
(33 USC Section 403)

Executive Order on Flood
Plain Management
(Executive Order No. 11,988)

Scenic River Act
(16 USC Section 1271 et seq.
40 CFR 6.302(s))
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Requires Federal agencies to take into account
the effect of any Federally-assisted undertaking
or licensing on any district, site, building,
structure, or object that is inctuded in or

eligible for inclusion in the National Register

of Historic Places.

Establishes procedures to provide for preservation
of historical and archeological data which might
be destroyed through alteration of terrain as a
result of a Federal construction project or a
Federally licensed activity or program.

Requires Federal agencies to consider the
existence and location of landmarks on the
National Registry of Natural Landmarks to avoid
undesirable impacts on such landmarks.

Requires consultation when Federal department
or agency proposes or authorizes any modification
of any stream or other water body and adequate
provision for protection of fish and wildlife
resources.

Requires action to conserve endangered species
within critical habitats upon which endangered
species depend, includes consultation with
Department of Interior

Requires Federal agencies to evaluate the
potential effects of actions they may take

in a flood plain to avoid, to the extent
possible, the adverse impacts associated with
direct and indirect development of a flood
plain.

Prohibits adverse effects on scenic rivers.
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TABLE 4-2 (Continued)

POTENTIAL LOCATION-SPECIFIC ARARS
TINKER AFB - SOLDIER CREEK RI/FS

Standard, Requirement,
Criteria, or Limitation

RI WORKPLAN

Description

Federal Location-Specific ARARs (Continued)

Clean Water Act
(33 USC Section 1251 et seq.)

Dredge or Fill Requirements
Section 404
(40 CFR Parts 230 and 231)

Fish and Wildlife Service List
of Endangered Species and
Threatened Wildlife and Plants
(50 CFR Section 17.11)

Federal Water Pollution
Control Act
(40 CFR Part 231)

Tinker AFB - Soldier Creek
Rl Workplan
Final/40054.103

Requires permits for discharge of dredged
or fill material into navigable waters.

Provides a list of endangered species and
threatened wildlife and plants.

EPA regulations on disposal site location
determination.
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TABLE 4-3

POTENTIAL ACTION-SPECIFIC ARARS
TINKER AFB - SOLDIER CREEK RI/FS

Standard, Requirement,
Criteria, or Limitation

Federal Action-Specific ARARsS

Resource Conservation and
Recovery Act of 1976
(42 USC Sections 6901-6987)

Criteria for Classification
of Solid Waste Disposal
Facilities and Practices
(40 CFR Part 257)

Hazardous Waste Management
Systems General
(40 CFR Part 260)

Identification and Listing
of Hazardous Wastes
(40 CFR Part 261)

Standards Applicable to
Generators of Hazardous
Waste

(40 CFR Part 262)

Standards for Owners and
Operators of Hazardous Waste
Treatment, Storage, and
Disposal Facilities

(40 CFR Part 264)

Interim Standards for Owners
and Operators of Hazardous
Waste Treatment, Storage, and
Disposal Facilities

(40 CFR Part 265)

Land Disposal Restrictions
(40 CFR Part 268)
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Description

Establishes criteria for use in determining which
solid waste disposal facilities and practices
pose a reasonable probability of adverse effects
on health, and thereby constitute prohibited
open dumps.

Establishes procedurss and criteria for modification
or rgvocation of any provision in 40 CFR
Parts 260-265 and 268.

Defines those solid wastes which are subject
to regulation as hazardous wastes under 40 CFR
Parts 262-265 and Parts 124, 270, and 271.

Establishes standards for generators of
hazardous wasts.

Establishes minimum national standards that
define the acceptable management of hazardous
waste for owners and operators of facilities

that treat, store, or dispose hazardous waste.

Establishes minimum national standards that
define the acceptable management of hazardous
waste during the period of interim status and
untit certification of final closure or, if

the facility is subject to post-closure
requirements, until post-closure responsibilities
are tulfilled.

Establishes a timetable for restriction of

land disposal of wastes and other hazardous
materials.
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TABLE 4-3 (Continued)

POTENTIAL ACTION-SPECIFIC ARARS
TINKER AFB - SOLDIER CREEK RI/FS

Standard, Requirement,
Criteria, or Limitation

Federal Action-Specific ARARs (Continued)

Hazardous Waste Permit Program
(40 CFR Part 270)

Occupational Safety and Health Act
(29 USC Sections 651-678)

Clean Water Act
(33 USC Sections 1251-1376)

National Pollutant Discharge
Elimination System (NPDES)
(40 CFR Parts 122, 125)

National Pretreatment Standards
(40 CFR Part 403)

Toxic Pollutant Effluent
Standards
(40 CFR Part 129)

Clean Air Act
(42 USC Sections 7401-7642)

National Ambient Air
Quality Standards
(40 CFR 50, 53 and 61)

Hazardous Materials
Transportation Act
(49 USC Sect. 1801-1813)

Hazardous Materials
Transportation Regulations
(49 CFR Parts 107, 171-177)
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Description

Establishes provisions covering basic EPA
permitting requirements.

Regulates worker health and safety.

Requires permits for the discharge of
pollutants from any point source into waters
of the United States.

Sets standards to control pollutants that

pass through or interfere with treatment.

Establishes efttuent standards or prohibitions
for toxic pollutants, such as, aldrin/dieldrin,
DDT, endrin, toxaphene, benzidine, PCBs.

Treatment technoiogy standards for emissions
to air from: incinerators, surface impoundments,
waste piles, landfills, and fugitive emissions.

Regulates transportation of hazardous materials.
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TABLE 4-3 (Continued)

POTENTIAL ACTION-SPECIFIC ARARS
TINKER AFB - SOLDIER CREEK RI/FS

RI WORKPLAN
Standard, Requirement,
Criteria, or Limitation Description
Okiahoma Action-Specific ARARs
Okiahoma Pollution Remedies Law
(820.8.)
Okiahoma Water Quality Standards Designed to enhance the quality of Oklahoma’s
(82 0.S. Supp. 1988, waters; to protect their beneficial uses;
Sections 926.1-926.13) and to aid in the prevention, control, and
abatement of water pollution in the State of
Oklahoma. Bensficial uses for Soldier Creek inciud
agriculture, industrial and manufacturing process
and cooling water, aesthetics, habitat limited
fishery and secondary body contact recreation.
Oklahoma Pollution Control Provides for the adoption and promulgation
Coordinating Act of 1968 of rules, regulations, and standards, and
(82 0.S. Sections 931-943) enforcement of the enacted laws.
Oklahoma Water Poilution Regulations pertaining to discharge of
Control Laws wastewaters and sewage, sanitary sewers,
(630.8.) and water reservoirs.
QOklahoma Clean Air Act Regulates air emissions so as to achieve
(630.S.) and maintain atmospheric purity necessary
for the protection and enjoyment of human,
plant, or animal life.
Oklahoma Air Pollution Regulations and standards for air emissions
Regulations from stationary sources including permitting,
(Oklahoma State Department of Health) prohibitions, control of emissions, and
acceptable emission lavels.
Tinker AFB - Soldier Creek 4-10
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5.0 SITE REMEDIAL ACTION OBJECTIVES AND PRELIMINARY
IDENTIFICATION OF REMEDIAL ALTERNATIVES

The preliminary identification of remedial action objectives and remedial
alternatives is used during the remedial investigation workplanning process
to identify and scope the collection of data needed to develop and evaluate
mitigation measures for the site. Remedial action objectives were
developed in concert with the Tinker AFB - Soldier Creek RI/FS project
objectives, the RI objectives, and the risk assessment objectives during
the DQO development process (Section 2.0 of the DQO Report). Together,
these objectives provide the framework upon which the RI Workplan is
developed to provide a scope for the field work to gather data which allows
site characterization and provides the basis for the site feasibility study

and subsequent remedial design/ remedial action.

The following sections present the remedial action objectives and

preliminary remedial alternatives for the Soldier Creek site by medium.

5.1 REMEDIAL ACTION OBJECTIVES

Remedial action objectives are goals which, when fulfilled, reduce the
threat of receptor exposure to contaminants of concern. Once defined,
remedial objectives serve as the basis of workplanning efforts by focusing
the direction of the project toward consideration of remediation activities
which: (1) eliminate the source(s) of contamination, (2) mitigate
contaminant transport via migration pathways, and (3) prevent receptor
exposure to the contaminants at their source. Remedial objectives provide
the foundation for the development of preliminary remedial alternatives and
subsequent remedial investigation activities. They become the basis for
the effectiveness assessment in the remedial alternatives evaluation

activity during the feasibility study.

The establishment of the remedial action objectives for the Soldier Creek
site began with the identification of preliminary contaminants of concern,

contaminant migration pathways and potential receptors, all of which are

Tinker AFB - Soldier Creek 5-1
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defined in the Preliminary Assessment of Risks (Section 3.0) and the DQO
Report. The common theme of the remedial action objectives is to prevent
contact between the receptors (populations at risk) and the contaminant
sources. Remedial action objectives were developed for the following site
media: (1) sediments, (2) surface water, and (3) groundwater. The
potential receptors for each media and the corresponding remedial action
objectives are discussed below. It should be noted that these
source-specific remedial action objectives are dynamic and may be modified

throughout the RI/FS process as new data becomes available.

5.1.1 Sediments

The sediments in Soldier Creek could be contaminated as a result of past
and current storm water and industrial discharges to the creek from Tinker
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