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EXECUTIVE SUMMARY

Screening remedial alternatives will assist in formulating a remedial
action plan for contaminated ground water beneath and in the vicinity
of Building 3001 which will assure environmental and public-health
protection. The first step of a feasibility study for Building 3001 and
the adjacent fuel-contaminated areas is the screening of the possible
control measures and technologies. The control measures screened are
listed below:

1. Ground-water control technologies
Soil and sediment control technologies

Surface flow control technologies

A W N

Air/soil pore space control technologies

Drinking water and sewer line control technologies
Air pollution control technologies

Land disposal/storage technologies

In-situ treatment technologies

w 0 ~N oo uwm

Surface treatment technologies
10. Management methods
11. No-action plan
12. Disposal of treated water.

Ninety control measure technologies were screened. Feasibility,
cost, and protection of the environment and public health were the
primary criteria used to determine applicability of control technologies.

A control technology passed the screening process for Building

3001 and the adjacent fuel-contaminated areas when it was applicable as
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an individual technology or when it could be used in combination with
other technologies. Sbme factors that were considered when evaluating
the technologies were: the types of contamination; the areal and ver-
tical extent of contamination; and the presence of Building 3001, park-
ing lots, fuel tanks, runways, and other man-made features.

Based on the screening results, the best remediation plan for the
Building 3001 site will include a system of ground-water control, sur-
face treatment of collected ground water, disposal of the treated water,
and management controls. The ground-water control will consist of
pumping to control the contaminant plumes and collect contaminated
water. Several alternative surface treatment methods and systems
exist, which are listed below:

Potential Surface Treatment Methods or Systems

Precipitation
Reduction
lon exchange
Carbon adsorption
Oxidation
Uitra-violet oxidation
Flow equilization
Oil/water separation
Air stripping
Existing industrial waste treatment plan (IWTP)
Modification of IWTP
Combinations of these methods will likely be necessary to treat the

variety of organic compounds and heavy metals present in the ground
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water. Detailed alternatives should be developed from these treatment
methods. Treated ‘water should be disposed of by one or more of the
following methods:

Potential Methods for Disposal of Treated Water

Discharge into IWTP
Discharge to sanitary sewers
Discharge to storm sewers
Discharge to stream
Aquifer recharge
Industrial use
Irrigation
A detailed feasibility study should be conducted to determine the
best disposal method(s). The management methods to employ should
consist of land-use controls, alternative water supbl’ies, personnel
supervision and training, and coordination with regulatory agencies.
Land-use controls have already been implemented since discharges of
industr.ial wastes and solvents have been stopped.
The best remedial action plan for the two fuel-contaminated areas
will be the most feasible control measure or combination of control
measures from the following:

Potential Control Measures for Fuel-Contaminated Areas

Ground-water control

Soil and sediment control
Surface flow control
Air/soil pore space control

In-situ treatment

B77A-6
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Surface treatment of collected ground water

Disposal of treated water

Management controls

Ground-water control would consist of pumping to collect and/or

control the contaminants and possibly separating the water and product
(oil/water separation). Soil control would consist of excavation; and
surface controls would employ grading, capping, and/or surface-water
diversion. Gas ventilation could be used for air/soil pore space con-
trol, and aeration of the soil will provide a potgntial in-situ treatment
measure. If ground water is collected, the hydrocarbon related organ-
ics could be removed by air stripping and as treated water from be-
neath Building 3001. Management controls consist of proper land use.
A detailed feasibility study will determine the most applicable com-

bination of remedial measures.
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RECOMMENDATIONS

The next phase of work, in accordance with the Air Force Installa-
tion Restoration Program (IRP) and EPA, is the development of detailed
élternatives, based on the technologies passing the screening process
for each of the control measures listed. The remedial action plan for
the Building 3001 site should consist of the following control measures:

Ground-water control

Surface treatment of collected ground water
Disposal of treated water

Management controls

The remedial action plan for the adjacent fuel-contaminated areas

should consist of one or more of the following control measures:
Ground-water control
Soil and sediment control
Surface flow control
Air/soil pore space control
In-situ treatment
Surface treatment of collected ground water
Disposal of treated water
Management controls

A feasibility study of detailed alternatives, developed from the
various control measures and technologies which passed the screening
process, should be conducted. Each detailed alternative should repre-
sent a site-specific, comprehensive solution to contamination at Building

3001 and adjacent fuel contaminated areas. The alternatives should be
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sufficiently detailed to permit completion of the feasibility study, which

includes evaluation and selection of an alternative according to engi-

neering,

criteria.

Control measures and technologies to be detailed as alternatives for

the IRP are:
For Building 3001

1. Ground-water control by pumping
2. Surface treatment methods (one or more of the following)

a. Precipitation

b. lon exchange

c. Reduction

d. Carbon absorption

e. - Oxidation

f. Ultra-violet oxidation

g. Flow equilization

h. Filtration

i. Oil/water separation

j. Air stripping -

k. Biological treatment

I. Existing IWTP

m. Modification of IWTP

n. Land-use controls
3. Disposal methods

a. Discharge to IWTP

b. Discharge to sanitary sewers

B77A-9
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B77A-10

c. Discharge to storm sewers

d. Discharge to stream

e. Agquifer recharge

f. Industrial use

g. lrrigation

Management methods

a. Land-use controls

b. Alternative water supply

c. Relocation

d. Right-of-way acquisition

e. Personnel supervision and training
f. Coordination with federal, state, and local agencies

For Adjacent Fuel-Contaminated Areas

Ground-water control

a. Pumping

b. Oil/water separation
c. Capping

Soil and sediment control
a. Excavation

b. Revegetation

Surface flow control

a. Grading

b. Capping

c. Surface-water diversion
Air/soil pore space control

a. Gas ventilation
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B77A-11

In-situ treatment

a. Soil aeration

Surface treatment of collected ground water
a. Air stripping

b. Oil/water separation

c. Flow equalization

d. Existing industrial waste treatment plant (IWTP)
Disposal of treated water

a. Discharge to IWTP

b. Discharge to sanitary sewers

c. Discharge to storm sewers

d. Discharge to stream

e. Agquifer recharge

f. Industrial use

g. lrrigation

Management controls

a. Land-use controls

b. Alternative water supply

c. Relocation

d. Right-of-way acquisition

e. Personnel supervision and training

f. Coordination with federal, state, and local agencies
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1.0 INTRODUCTION

P. E. LaMoreaux & Associates, Inc. (PELA) was authorized by the
Tulsa District Corps of Engineers to review and screen methods and
technologies for remedial actions for contaminated ground water in the
vicinity of Building 3001, Tinker Air Force Base, Oklahoma. This
investigation included review by P. E. LaMoreaux & Associates, Inc. of
available data from previous work by Engineering Science; Radian
Corporation; A. L. Burke Engineers, Inc.; Dansby & Associates, Inc.;
and the Tulsa District Corps of Engineers. Additional information was
obtained from published and unpublished data from the U.S. Geological
Survey, the Oklahoma Geological Survey, and the Department of the Air
Force. The purpose of this review and screening process is to elim-
inate technologies that are clearly not feasible or appropriate to reme-

diate the contamination problem beneath Building 3001.

1.1 Sité Location and Background Information

Tinker Air Force Base is located in the central Redbed Plains
section of the Central Lowland physiographic province of Oklahoma.
Within Oklahoma County, the Base is adjacent to Oklahoma City, Mid-
west City, and Del City. The Base lies within a transition zone from
residential and commercial land use to the north and west to agricul-
tural land use to the east and south. A general map of Tinker Air

Force Base with Building 3001 illustrated is shown in Figure 1.
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The chronology of activities that follows is based on review of

11

previous studies, memoranda and correspondence, and interpretation of
aerial photographs.

Building 3001 has expanded considerably in size since opening in
1942. During its history, numerous hazardous materials were utilized
on the premises for refurbishing aircraft and aircraft parts.

At least five investigatory reports on contamination beneath Build-
ing 3001 have been prepared since 1982. In 1982, Engineering Science
performed a records search. In 1984, Radian Corporation performed an
investigation for the Installation Restoration Program. The investigation
was a confirmation and quantification of contamination of Tinker Air
Force Base. 'n 1986, A. L. Burke Engineers, Inc. performed an in-
vestigati .\n >»f :nd:rground tanks and pits at the Base that included soil
sniffer tests. In 1986, Dansby & Associates, Inc. prepared a report on
the plugging of Base water supply wells 18 and 19. In 1987, P. E.
LaMoreaux & Associates, Inc. prepared a technical review of the Build-

ing 3001 remedial investigations performed by the Corps of Engineers.

1.2 Nature and Extent of Problems

Past industrial practices within and in the vicinity of Building 3001
have resulted in ground-water contamination of an underlying perched
aquifer and upper zones of the Garber-Wellington aquifer. The Envi-
ronmental Protection Agency has placed the site on the National Priori-
ties List of hazardous waste sites. Building 3001 houses a large indus-

trial complex where aircraft and jet engines are services, repaired,
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and/or upgraded. Remedial investigations have been conducted in
order to define the extent and magnitude of contamination. The inves-
tigations are part of the U.S. Air Force Installation Restoration Program
(IRP). The primary contaminants are trichloroethylene (TCE) and
chromium (Cr) although other organic compounds and trace metals are
present. The maximum area of contaminated ground water ‘covers
approximately 220 acres beneath the site and extends to a depth of
approximately 175 feet. The highest contaminant concentrations exist
beneath the building in the perched aquifer, where 330,000 ug/¢ of
trichloroethylene and 80,000 ug/ft of chromium were detected. Two
underground storage tank areas, referred to as the north and the
southwest tan’ areas, were included in the remedial investigations.
Fuel product s found floating on the perched ground water at the
north tank area and both tank areas contain benzene, toluene, and
xylene contamination in the perched ground water.

The remedial investigations included records searching, investigat-
ing abandoned solvent pits within the building, investigating the hydro-
geological site conditions, installing a ground-water monitoring well
network, sampling water supply wells and monitoring wells, and con-
ducting aquifer tests. As a corrective action, two water supply wells
were permanently plugged during the course of the investigations.
Data were analyzed to define the hydrogeologic conditions and extent of
contamination. A ground-water and contaminant transport model was
developed to simulate contaminant migration within the aquifer system.

The ground-water contamination, which consists of organic sol-

vents, trace metals, and fuel product, is primarily a result of past

B77A-15
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industrial operations and storage practices which have now been cor-
rected. Contamination has probably entered the perched aquifer by
vertical migration from solvent pits inside the building, storm drains,
West Soldier Creek, and underground storage tanks.

The hydrologic and the hydrogeologic systems at the site are
complex and interdependent. Runoff is carried to East and West Soldier
Creeks by surface drainage and storm drains. Both West Soldier Creek
and the storm drain system apparently recharge a perched aquifer
beneath the site. In the past, contaminants were discharged into storm
drains and later detected in both East and West Soldier Creeks. The
contaminants are also present in the perched aquifer. Hydrogeologic
investigations indicate that the perched aquifer (beneath the east
portion ot the »>uiiding) discharges into East Soldier Creek and there-
fore some contaminants have the potential of being discharged into East
Soldier Creek. The perched aquifer and East Soldier Creek are sources
of contamination to the regional aquifer.

The regional aquifer is contaminated in the upper two more per-
meable zones, referred to as the top of regional and the regional zones.
The geologic formations are characterized by very low vertical permea-
bilities and therefore limited vertical migration has occurred compared to
horizontal migration. The horizontal migration has extended beyond
water supply well locations in Tinker Air Force Base and has allowed
downward migration of contaminants via poorly sealed wells. Two wells
have been plugged (wells 18 and 19) and two wells (wells 15 and 16)

currently contain trace levels of organic compounds.
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The contaminated ground water and the presence of two fuel
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contaminated sites are primary public health and environmental con-
cerns. Steps need to be taken to select the necessary action required
to remedy site problems. A review of potential remedial alternatives
has been performed to eliminate those clearly not appropriate.to the

problems at Building 3001 and the two fuel contaminated areas.

1.3 Objectives of Screening Remedial Technologies

Screening remedial technologies will assist in formulating a remedial
action plan for contaminated ground water beneath and in the vicinity
of Building 3001 which will assure environmental and public-health
protection. A review and screening of all technologies of remediation
will require consideration of environmental and public-hé'alth protection
as established by CERCLA, SARA, RCRA, and NCP.

Engineering feasibility of a remedial technology is determined by
the app]icability of individual control measures and the degree to which
a detailed alternative will perform its intended function. Three ele-
ments--performance, reliability, and implementability--are reviewed to
determine engineering feasibility and regulatory compliance of federal,
state, and local agencies.

Screening of a remedial technology from a cost analysis standpoint
considers: 1) the capital cost, which is high when greater than 2
million dollars; 2) the operation and maintenance cost, which is high
when greater than .3 million dollars per year; 3) present worth analy-

sis, which is determined by expenditures occurring over different time
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periods and are evaluated by discounting future costs to a common base
year; and 4) sensitivity analysis, which assesses the effects of varia-
tions in parameters associated with design, implementation, operation,
and effective life that could result in a éignificant change in overall
costs.

Screening of a remedial technology from an environmental stand-
point considers the impacts of the technology on hydrology, geology,
air quality, flora and fauna, socio-economics, land use, and cultural
resources. The technology should be reviewed in detail to determine
any adverse environmental impacts and any expected environmental
benefits; and then a summary should be prepared to identify the most
environmentally beneficial and adverse remedial technologies.

Public hez'th is also considered in the screening of a remedial
technology. The technology must be reviewed to determine the degree
of short-term and long-term public health protection and the levels at
which the technology will reduce adverse long-term effects of residual
contamination. The technology will also be screened to determine the
threat that the technology will have on workers during construction,
operation, and monitoring during the implementation of the technology.

Screening of a remedial technology from a regulatory compliance
standpoint considers the capability of the technology to meet design
regulations and contaminant discharge requirements of federal, state,
and local agencies. The screening should consider individual technolo-
gies that may have difficulties in achieving regulatory compliance on an
individual basis but would be successful in regulatory compliance when

used in combination with other technologies.

B77A-18
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The

initial

DIE|LA

screening process may encompass portions of several

16

technologies and will eliminate other technologies that are clearly not

feasible or appropriate to the site-specific problem.
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2.0 SCREENING OF CONTROL MEASURES AND TECHNOLOGIES

Twelve (12) steps or control measures were reviewed to eliminate
those that would not fit the Primary Criteria. Engineering feasibility,
cost, environmental impacts, public-health protection, and regulatory
compliance (water, soil, and air standards) were the primary criteria
for screening the control measures. Each control measure has several
technologies that may be potentially utilized to assist with remediation.

Ninety (90) control measure technologies were evaluated to deter-
mine their feasibility and applicability to the contamination situation
beneath Building 3001 and the adjacent fuel contaminated areas. Most
all of the technologies are methods of solving contamination problems.
Data provided by the Tulsa Corps of Engineers were reviewed to deter-
mine the applicability of each technology. The types of contamination,
the areal and vertical extent of contamination, and the presence of
Building 3001, parking lots, fuel tanks, runways, and other man-made
features were defined through this review. A control technology was
eliminated from consideration when the technology would not assist in
remediation due to the type of contamination, the areal and vertical
extent of contamination, or limited access to the contamination because
of existing structures. The ninety (90) control measure technologies
that were considered are presented with a brief description of each
technology in Table 1.

Each control measure technology is discussed in a section to deter-
mine its applicability to the problems at Tinker Air Force Base and is

prepared in tabular form (Table 2).
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Based on the screening results, the best remedial plan for the

contamination problem in the vicinity of Building 3001 will be a combi-

nation or system of technologies. The control measures and technolo-

gies meeting the primary criteria for the Building 3001 vicinity after the

initial screening are listed below:
1. Ground-water control

a. Ground-water pumping

2. Surface treatment methods (one or more of the following)

a. Precipitation
b. lon exchange
c. Reduction
d. Carbon adsorption
e. Oxidation
f. Ultra-violet oxidation
g. Flow equalization
h. Oil/water separation
i. Air stripping
j. Biological treatment
k. Existing IWTP
. Modification of IWTP
3. Disposal methods
a. Discharge to IWTP
b. Discharge to sanitary sewers
c. Discharge to storm sewers

d. Discharge to stream

B77A-21
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e. Industrial use
f. lIrrigation
4, Management methods
a. Land-use controls
b. Alternative water supply
c. Relocation
d. Right-of-way acquisition
e. Personnel supervision and training
f. Coordination with federal, state, and local agencies
The best remedial plan for the two fuel-contaminated areas will be
a combination or system of technologies. The control measures and
technologies meeting the primary criteria for the two fuel contaminated
areas after the initial screening are listed below:
1. Ground-water control
a. Pumping
b. Oil/water separation
c. Capping
2. Soil and sediment control
a. Excavation

b. Revegetation

3. Surface flow control
a. Grading
b. Capping

c. Surface-water diversion
4. Air/soil pore space control

a. Gas ventilation
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In-situ treatment

a.

Soil aeration

Surface treatment of collected ground water

a.

b.

Air stripping
Biological treatment
Oil/water separation
Flow equalization
Filtration

Existing industrial waste treatment plant (IWTP)

Disposal of treated water

g.

Discharge to IWTP
Discharge to sanitary sewers

Discharge to storm sewers

. Discharge to stream

Aquifer recharge
Industrial use

Irrigation

Management controls

a.

b.

Land-use controls

Alternative water supply
Relocation

Right-of-way acquisition

Personnel supervision and training

Coordination with federal, state, and local agencies
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3.0 CONCLUSIONS

Technologies most applicable for remediation at Building 3001 and
the two adjacent fuel contaminated areas have been selected through the
screening process. Bench and pilot-scale tests may be necessary to
develop and utilize the most beneficial technologies. Bench and pilot-
scale studies may assist in the determination of the feasibility of uti-
lization of or modification of the existing IWTP, and/or requirements for

design of a new facility.
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