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Dear Mr. Chairman: 

In June 1984, you requested that we review the Department of 
Defense's efforts to dispose of hazardous waste at Tinker 
Air Force Base, Oklahoma, a major generator of hazardous 
waste. Problems with the generation, storage, and disposal 
of hazardous waste have resulted in the contamination of 
several sites on base. In December 1984, your Subcommittee 
held hearings and we testified on the results of our review. 
We subsequently issued our report, Hazardous Waste 
Management at Tinker Air Force Base--Problems Noted, 
Improvements Needed (GAO/NSIAD-85-91, July 19, 1985). 

On May 14, 1986, you requested that we review the Air 
Force's actions to identify and clean up abandoned hazardous 
waste sites at Tinker and to correct problems we found 
relating to the generation, storage, and disposal of 
hazardous waste. This briefing report presents the results 
of our work on actions taken on abandoned sites. 

In 1981, the Air Force started implementing the Department 
of Defense's Installation Restoration Program to identify 
and clean up contaminated sites at Tinker. Actions taken 
after your Subcommittee hearings were as follows: 

-- In January 1985, Tinker created the Installation 
Restoration Program Technical Review Committee, 
which directly involved environmental experts of 
state and federal regulatory agencies in resolving 
Installation Restoration Program problems in a more 
timely and effective manner. 

-- In February 1985, Tinker established an 
Environmental Action Group to increase its 
responsiveness to hazardous waste issues and to act 
as a clearinghouse for all environmental actions. 
The group's weekly meetings are attended by 
representatives from all base activities that handle 
hazardous material. 
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-- In August 1985, Tinker created a Technical Working 
Group staffed with technical experts to assist the 
Technical Review Committee. This group meets, prior 
to scheduled quarterly meetings of the Committee, to 
establish agenda items for the Committee covering 
questions and technical issues concerning Tinker's 
Installation Restoration Program, such as possible 
cleanup alternatives. 

-- In October 1985, Tinker established a single point 
of contact for environmental issues by creating a 
new Environmental Management Directorate. This 
action raised the visibility level of environmental 
problems and enhanced the working relationship with 
regulatory agencies. 

-- In March 1986, Tinker contracted with the Army Corps 
of Engineers for completing the Installation 
Restoration Program on a cost-reimbursement basis. 
This action eliminated the need for private 
contractors and the time-consuming need to amend a 
contract each time requirements change. The Corps 
also compressed parts of two phases of the 
Installation Restoration Program into one study 
which should reduce the time needed to begin site 
cleanup work. 

Tinker officials are addressing deficiencies in the 
hazardous waste management structure. By centralizing the 
organization and decision-making process, Tinker should be 
able to better manage the restoration program. Officials of 
federal and state regulatory agencies generally agree that 
the Air Force is on the right track in identifying and 
cleaning up contaminated sites on Tinker. Appendix I 
provides more details on the organizations responsible for 
the Installation Restoration Program activities. 

While the Air Force has taken actions to restore hazardous 
waste sites on Tinker, much still needs to be done. 
Seventeen sites (including four streams on base which are 
considered one site by Tinker) were identified as 
contaminated. Eleven of the 17 sites have contamination 
problems with a high or moderate potential for migrating to 
other areas. The only remedial actions taken so far are the 
removal of contaminated sediment from one of the streams and 
a connecting drainage ditch and the placing of a clay cap 
over landfill number 6. However, regulatory officials have 
stated that the source of the stream's contamination must be 
stopped or it will have to be cleaned up again. Appendix II 
contains details of the various work being performed. 
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Appendix III provides the status of each of the 17 
contaminated sites. Besides dealing with each contaminated 
site, the Air Force has directed the Corps of Engineers to 
conduct groundwater assessments to ensure that contamination 
has not moved off base. The Air Force is also testing the 
base's water supply wells quarterly for signs of 
contamination. 

We discussed the issues in this briefing report with 
officials responsible for managing the Installation 
Restoration Program and included their comments where 
appropriate. As you requested, we did not obtain official 
agency comments. Appendix IV describes the objective, 
scope, and methodology of our work. 

As arranged with your office, unless you publicly announce 
its contents earlier, we plan no further distribution of 
this report until 30 days from the date of its issuance. At 
that time, we will send copies to the chairmen of other 
concerned committees; the Secretary of Defense: the 
Secretaries of the Army, the Navy, and the Air Force; the 
Director, Office of Management and Budget; and other 
interested parties upon request. 

Sincerely yours, 

Harry R. Finley 
Senior Associate Director 
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APPENDIX I APPENDIX I 

ORGANIZATIONAL RESPONSIBILITIES FOR THE 

INSTALLATION RESTORATION PROGRAM 

AT TINKER AIR FORCE BASE 

The Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) (42 U.S.C. 9601) and the 1986 
amendments, commonly known as Superfund, were enacted to provide 
for cleanup of the nation's hazardous waste1 sites. The law 
provides that federal agencies must comply with CERCLA's 
requirements to the same extent as private entities must comply. 

The Department of Defense's Installation Restoration Program 
(IRP) is an expansion of a program the Army started in 1975 to 
(1) identify and evaluate suspected problems associated with past 

hazardous waste disposal sites located on Department of Defense 
(DOD) installations and (2) control the migration of hazardous 

waste contamination from these sites. These requirements were 
later stipulated in CERCLA. 

The Air Force formulated its initial IRP policy guidance in 
December 1980 and started its program in January 1981. The 
Office of the Deputy for Environment, Safety, and Occupational 
Health in the Office of the Deputy Assistant Secretary of the Air 
Force for Installations, Environment, and Safety sets the overall 
policy for the Air Force's IRP. 

The IRP consists of four phases. During Phase I, the 
installation assessment is made, including site inspections and 
records searches, to identify bases with closed, potentially 
hazardous waste sites. During Phase II, the existence of 
contaminants affecting the environment is confirmed. During 
Phase III, technology, if needed, is developed or advanced to 
solve some of the problems. During Phase IV, remedial action is 
designed and executed. 

PROGRAM ORGANIZATIONAL STRUCTURE AND ROLES 

The following is a brief description of the offices or activities 
involved in the IRP and the responsibilities of each. 

1Hazardous waste is defined as waste which, because of its 
quantity; concentration; or physical, chemical, or infectious 
characteristics, may cause or contribute to an increase in 
mortality or pose a substantial hazard to human health or the 
environment when improperly treated, stored, transported, or 
disposed of. 
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Headquarters and major commands 

The Directorate of Engineering and Services, Air Force 
Headquarters, Washington, D.C., has overall management 
responsibility for the Air Force's IRP; but major commands, such 
as the Air Force Logistics Command at Wright-Patterson Air Force 
Base (AFB), Ohio, are the IRP managers for bases in their 
commands. The Logistics Command expects its bases to manage 
their own programs, with the Command responsible for program 
oversight and approval. 

Air Force Engineering and Services Center 

The Air Force Engineering and Services Center at Tyndall AFB, 
Florida, is a technical support organization of the Air Force's 
Directorate of Engineering and Services, providing support to the 
major commands upon request. This support has included providing 
contractors for most of the Phase I studies to date. 

Occupational and Environmental Health Laboratory 

The Air Force Occupational and Environmental Health Laboratory 
(OEHL) at Brooks AFB, Texas, is under the command of the Air 
Force Systems Command. OEHL, the Air Force's technical manager 
for Phase II, initiates work on a base when requested by a major 
command. OEHL monitors Phase II studies performed by contractors 
awarded contracts by the Air Force Systems Command's Aeronautical 
Systems Division at Wright-Patterson AFB, Ohio. 

Base level 

Generally, Air Force base-level IRP responsibility rests with the 
base's civil engineer. However, Tinker has given this 
responsibility to the newly created Environmental Management 
Directorate. 

ORGANIZATIONS CREATED TO AID 
TINKER'S IMPLEMENTATION OF THE 
INSTALLATION RESTORATIQN PROGRAM 

Tinker reorganized its hazardous waste management structure to 
centralize responsibility for all environmental matters, 
including the IRP, and to respond to oversight reviews by the 
Subcommittee on Environment, Energy and Natural Resources, House 
Committee on Government Operations; state and federal regulatory 
agencies; and cognizant Air Force organizations. 
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Technical Review Committee 

The Technical Review Committee consists of designated 
representatives from the parties required to approve IRP plans, 
including the Air Force, Environmental Protection Agency (EPA), 
and the State of Oklahoma. The Committee was created on January 
15, 1985, to expedite remedial actions by eliminating the delay 
associated with the normal review process. This face-to-face 
forum provides the Air Force with the expertise of the regulatory 
agencies in the decision-making process. 

Tinker, including the Air Logistics Center, is represented by the 
Director of the Environmental Management Directorate, and the 
State of Oklahoma is represented by officials from the Oklahoma 
State Department of Health. EPA Region VI officials represent 
EPA on the Technical Review Committee. Officials from other 
agencies, such as the Oklahoma Water Resources Board, the 
Association of Central Oklahoma Governments, the Garber 
Wellington Aquifer Association (represents towns and cities using 
the aquifer), the Army Corps of Engineers, and the Oklahoma 
Geological Survey, may attend and comment on matters before the 
Committee. 

The Committee members meet quarterly to discuss all IRP proposals 
and to reach a consensus on the specific IRP actions to be taken. 

Environmental Action Group, 

The Environmental Action Group was established in February 1985 
to increase Tinker's responsiveness to hazardous waste issues and 
to act as a clearinghouse for all on-base activities' 
environmental actions. The group is responsible for IRP problems 
and other issues such as hazardous waste removal, unpermitted 
discharges, industrial waste treatment plant discharge, and 
hazardous waste storage. This group assists Air Force management 
in measuring the progress being made in each area and in ensuring 
that issues are being dealt with in a timely manner. 

The group, which meets weekly, consists of representatives from 
all base activities that handle hazardous material. 
Representatives from other organizations may be asked to attend 
when their technical assistance is required. Each representative 
is authorized by his or her staff office to act on decisions made 
during the meetings. 

Technical working Group 

Established in August 1985, the Technical Working Group supports 
the Technical Review Committee with technical representatives 
from the same agencies. The Technical Working Group meets one 
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month prior to the Committee meetings to study proposed IRP 
actions and establish agenda items for the Committee. These 
meetings cover questions and the technical aspects concerning 
Tinker's IRP, such as possible cleanup alternatives. 

Environmental Management Directorate 

The Environmental Management Directorate was established in 
October 1985 as the sole point of contact for outside agencies on 
all environmental issues. This Directorate consolidates 
functions of the Director of Engineering and the Surgeon General 
on environmental matters. The Directorate, staffed with 45 to 50 
people, reports directly to the command section of the Air 
Logistics Center. 

ROLE OF THE CORPS OF ENGINEERS 

Before Phase II was complete, Tinker officials discontinued using 
OEHL as program manager and contracted directly with the Army's 
Corps of Engineers in an effort to complete the IRP in a more 
timely manner. According to Corps officials, they reviewed the 
work performed in Phase II and used it where applicable. The 
Corps' investigation, which began in March 1986, is scheduled for 
completion in fiscal year 1988. 

The members of the Corps' project team are environmental 
specialists with backgrounds in civil engineering and geology. 
The Corps' duties as Tinker's IRP project manager include 
investigating and identifying the sites on base contaminated by 
hazardous waste, developing the processes to be used for remedial 
action, and preparing the plans and specifications to enable a 
contractor to clean up the sites. 

According to Corps officials, individual IRP projects can be 
completed in a more timely and effective manner by combining 
Phase II with the first part of Phase IV. In the past, Phase IV 
work could not begin until a final Phase II report had been 
issued. Under the Corps' approach, the time frame for 
implementing the IRP is reduced by eliminating the report and by 
collecting the data necessary to design a remedial action plan 
(Phase IV) while obtaining data needed to quantify the 

contamination at a site (Phase II). 

In addition, it is no longer necessary to amend a contract each 
time the scope of work changes because the Corps staff perform 
the work themselves on a cost-reimbursement basis. Previously, 
OEHL had to modify contracts with private environmental firms on 
a stage-by-stage basis. 
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The Corps staff prepare a work plan for each contaminated site 
after discussion with the Technical Working Group and present the 
plan to the Technical Review Committee for approval. The 
statement of work must be approved in writing by the State of 
Oklahoma and the EPA. 
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IMPLEMENTATION OF THE 

INSTALLATION RESTORATION PROGRAM 

Tinker AFB is one of the largest military industrial 
installations in the world. Tinker, which was activated in March 
1942 and covers 4,775 acres in central Oklahoma (southeast of 
Oklahoma City), hosts about 40 tenant organizations, including 
the Oklahoma City Air Logistics Center. The Air Logistics 
Center, under the Air Force Logistics Command, operates a 
maintenance depot on Tinker. This depot, which overhauls or 
modifies more jet engines than any facility in the free world, 
serves as a repair depot for several aircraft and weapons. The 
repair and overhaul processes require the use of large quantities 
of hazardous materials and result in Tinker's status as the 
largest hazardous waste generator in the Air Force. 

Problems in the past with the generation, storage, and disposal 
of this hazardous waste have caused contamination of several 
sites and the groundwater at Tinker AFB. Tinker lies directly 
over the known recharge area for the Garber Wellington aquifer 
from which Tinker and several cities near Oklahoma City obtain 
their drinking water. Tinker is currently implementing the IRP 
to identify and clean up these contaminated sites. EPA has 
identified two sites to be included on its National Priorities 
List2 --building 3001 and Soldier Creek (one of the base streams). 

PHASE I 

The Air Force Engineering and Services Center at Tyndall AFB 
prepared the statement of work 3 for Phase I of Tinker's IRP and 
coordinated it with the Air Force Logistics Command. The Air 
Force Engineering and Services Center obtained a private 
contractor, Engineering-Science, to conduct the IRP Phase I study 
for Tinker. Engineering-Science began the Phase I study in July 
1981 by reviewing records and files, conducting field 
inspections, and interviewing officials from Tinker and the 
applicable regulatory agencies to identify current and past areas 
of hazardous waste generation and disposal as well as disposal 
methods. The final report was issued in April 1982. The 
completed study cost $45,900. 

2The National Priorities List identifies those sites deemed to 
pose the greatest potential for long-term threat to human health 
and the environment. 

3The statement of work describes tasks, establishes a schedule 
for conducting the tasks, lists all expected deliverables, and 
presents a cost estimate. 

11 
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Study findings 

APPENDIX II 

Engineering-Science's Phase I final report identified 14 sites on 
Tinker as having potential environmental contamination. Using 
the Air Force's Hazard Assessment Rating Method (HARM), a system 
to set priorities for the sites that is similar to the system 
used by EPA, the contractor scored each site on a scale of 0 to 
100 (worst case being 100) based on the following considerations: 

SW characteristics of the waste at the site, 

-- possible sites for contaminant migration, 

-- potential pathways for contaminant migration, and 

-- current efforts to contain the contamination. 

Based on these HARM scores, the contractor then classified each 
site as having high, moderate, or low potential for migration of 
contaminants to other areas. Areas having HARM scores greater 
than 64 were of primary concern and were considered by the 
contractor to have high potential for contaminant migration. 
These sites required further investigation in Phase II. The 
contractor concluded that 3 of the 14 sites at Tinker fell into 
this category: two landfills and an industrial waste pit. 

Sites with HARM scores of 50 to 64 indicated moderate potential 
for contaminant migration and were recommended for further 
investigation in Phase II. Six of the Tinker sites--three 
landfills, an industrial waste pit, a radioactive waste disposal 
site, and a fire training area-- fell into this category. 

The five remaining sites had HARM scores lower than 50, which 
indicated low potential for contaminant migration. They were 
therefore not recommended for Phase II investigation. These 
included one landfill, three radioactive waste disposal sites, 
and a fire training area. Although these sites were not 
recommended for further investigation, three were investigated in 
Phase II. The Corps of Engineers included the three sites in its 
Phase II work because it felt that not enough work had been done 
in Phase I. For detailed descriptions, HARM scores, and 
recommendations for each site, see appendix III. 

Surface and groundwater testiny 

Water quality data from the U.S. Geological Survey, the 
Bioenvironmental Engineering Officer's monitoring program, and 
sediment samples taken by the Oklahoma Water Resources Board 
helped Engineering-Science determine that the surface drainage 
systems on base had been sources of contaminant migration since 
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base operations began in 1942. The potential exists for the 
contaminants in the streams to migrate through the sediment, 
leaching into the local surface waters and into the groundwater 
system. For this reason, Engineering-Science recommended 
sampling the streams and some of Tinker's water supply wells. 

Regulatory agency involvement 

As part of the Phase I study, Engineering-Science interviewed 
federal, state, and local agencies' officials to obtain 
environmental data pertinent to the base. These agencies 
included the Oklahoma Geological Survey, the U.S. Geological 
Survey, the Oklahoma Water Resources Board, EPA, and Oklahoma 
University's Health Sciences Center. 

PHASE II 

The purpose of Phase II is to determine if environmental 
contamination has resulted from hazardous waste disposal 
practices. This phase includes an estimate of the extent of 
contamination, identification of the environmental consequences 
of migrating pollutants, and recommendations for additional 
investigations for sites identified in Phase I. 

OEHL, the program manager for Phase II, drafted a statement of 
work for Phase II efforts. OEHL's Director of Technical Services 
Division and the Air Force Logistics Command Headquarters 
approved the statement of work. 

OEHL contracted with Radian Corporation to do a portion of the 
Phase II investigation. The contractor made the initial Phase II 
site visit on September 29, 1983, with subsequent field work 
performed between November 1983 and October 1984. Radian issued 
its final report in October 1985. Its efforts under Phase II 
cost $657,300. OEHL's technical contract monitoring activities 
included comparing detailed monthly status reports with the 
statement of work, verifying Radian's analysis methods, and 
visiting the contractor at Tinker at least once. 

Study findings 

Radian's Phase II investigation included 12 sites: 10 of the 14 
sites identified in Phase I, building 3001 (including water 
supply wells 18 and 19), and four base streams grouped as one 
site. The 10 sites included 6 landfills, 2 industrial waste 
pits, and 2 of the 4 radioactive waste disposal sites identified 
in Phase II. All of these sites (except for the radioactive 
waste disposal sites and landfill number 1) had received high or 
moderate HARM scores. The four sites identified in Phase I but 
not included by Radian in Phase II were fire training area 1 and 
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radioactive disposal site 1030W, which had moderate HARM scores, 
and fire training area 2 and radioactive disposal site 62598, 
which had low HARM scores. 

An Air Force monitoring program found the Garber Wellington 
Aquifer to be contaminated when it discovered trichloroethylene 
(TCE) in water supply wells 18 and 19 located in building 3001. 
Radian's investigation of well 18 revealed TCE as high as 4,600 
parts per billion (compared to EPA's proposed standard of 5 parts 
per billion). The TCE contamination level in well 19 was 8.7 
parts per billion. 

These findings followed a study by the Oklahoma State Department 
of Health that revealed a TCE contamination level of 5.6 parts 
per billion in Tinker's drinking water. The samples used in the 
state study were taken from the base's central water supply where 
the water from all wells was mixed, thus diluting the 
contamination from well 18. Because it was possible for some 
people to drink the water from well 18 before it was mixed with 
water from the other wells, Tinker decided to stop using well 18 
as a source of drinking water. 

Radian recommended further investigations at landfill 5 and the 
buried pits and tanks below building 3001, which may be the 
source of the TCE contamination in wells 18 and 19. Radian also 
recommended monitoring programs for landfills 1 through 4. To 
ensure that TCE was not contaminating other base water supply 
wells, Radian also recommended that all drinking water wells be 
monitored. 

Remedial actions were recommended for landfill 6 and water wells 
18 and 19. However, Radian believed that no further 
investigations were necessary for the industrial waste pits, base 
streams, and the radioactive waste disposal sites. 

Corps of Engineers 

The number of sites with possible contamination has grown from 14 
identified in Phase I to 17, including the base streams (grouped 
as 1 site) as identified by the Corps of Engineers. The base 
streams and building 3001 were added to the investigations in 
Phase II. The Corps has now added a new site, the fuel farm 
area, which is an underground fuel storage area. Due to leaking 
fuel tanks, the aquifer beneath the site is contaminated with 
fuel and other petroleum products. The groundwater contamination 
under the fuel farm area, shown in figure II.l, is estimated to 
be up to 4 feet deep, contain 40,000 to 50,000 gallons of fuel, 
and cover 150,000 square feet. 

14 
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Figure 11.1: Groundwater Contamination Under the Fuel Farm Area 
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Remedial actions to pump out the fuel have been designed and will 
be performed soon. 

In addition, the Corps has completed a base-wide groundwater 
assessment, including off-base wells, which indicated that no 
contamination is now moving off base. The Air Force continues to 
test the base's water supply wells for contamination on a 
quarterly basis. 

The Corps is investigating the six landfills, building 3001, and 
the fuel farm area. Investigations have been scheduled for the 
base streams, two fire training areas, and radioactive disposal 
sites 1030~~ and 201s. 
not plan to investigate 

Due to Radian's findings, the Corps does 
the two industrial waste pits and 

radioactive waste disposal sites 1022E and 62598. 
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Regulatory agency involvement 

State and federal regulatory agencies reviewed the Air Force's 
statement of work, and Air Force officials told us that their 
comments had been incorporated as necessary before the Phase II 
investigation began in 1983. The regulatory agencies continued 
their involvement during Phase II activities through 
participation in the Technical Review Committee and Technical 
Working Group meetings at Tinker. 

EPA has identified two Tinker sites to be included on its 
National Priorities List --building 3001 and the Soldier Creek 
portion of the base streams. 

PHASE III 

The Air Force Engineering and Services Center is cooperating with 
EPA in a research effort to develop a biological treatment for 
TCE. The Center is currently contracting out the on-site 
demonstration project at Tinker to demonstrate this technology 
using the TCE-contaminated groundwater under building 3001. 

PHASE IV 

Tinker has undertaken cleanup actions at several sites on base 
including the Soldier Creek Lagoon, the drainage ditch west of 
building 3001, landfill 6, and former water supply wells 18 and 
19 in building 3001. 

The perched aquifer, a portion of the Garber Wellington Aquifer 
under building 3001, has been contaminated with TCE and other 
synthetic organic chemicals. This contamination is the result of 
an accumulation of wastes from 30 years of industrial operations. 
The contamination is primarily confined to the upper levels, 
which are not used for drinking water. However, water supply 
wells 18 and 19 in building 3001 served as conduits, allowing the 
TCE to enter the lower levels of the aquifer from which Tinker's 
drinking water is obtained. 

Water supply wells 18 and 19 were taken out of service in the 
latter part of 1983 and permanently plugged in September 1986 to 
prevent further contamination to the aquifer. Sample results, as 
depicted in figure 11.2, indicate severe contamination in the 
upper levels of the aquifer, as high as 330,000 parts of TCE per 
billion. As stated earlier, EPA's proposed standard for drinking 
water is 5 parts per billion. The Corps of Engineers is 
currently designing the plans and specifications to remove the 
contaminated groundwater. 
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Figure 11.2: Trichloroethylene Contamination Under Building 3001 
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The cost of removing TCE from the groundwater increases 
dramatically as target cleanup levels of TCE decrease. Figure 
II.3 shows the number of gallons required to be pumped out, 
treated, and returned to the aquifer to reduce TCE contamination 
to various levels. The Garber Wellington aquifer covers over . 
2,200 square miles and contains 22.8 trillion gallons of water. 
The desired level of TCE contamination has yet to be determined 
by the Technical Review Committee. 
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Figure 11.3: Quantity of Trichloroethylene-Contaminated Water to 
Be Pumped at Various Cleanup Levels 
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In 1983, the Oklahoma State Department of Health found that a 
private well was contaminated with synthetic organic chemicals 
and, because of landfill 6's location, it was considered a 
possible source of contamination. To help prevent possible 
contaminant migration, the landfill was capped with 18 inches of 
clay and 10 inches of topsoil. Also, four additional monitoring 
wells were installed to detect contaminant migration away from 
the landfill. As part of the base-wide groundwater assessment, 
the Army Corps of Engineers took samples in July 1986, which 
showed no organic contaminants in the private well where they had 
been detected previously. 
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DISPOSAL OF WASTE FROM 
A REMEDIAL ACTION PROJECT 

Between November 1985 and May 1986, in response to Oklahoma Water 
Resources Board concerns, Tinker dredged 9,254.5 cubic yards of 
contaminated sediment from Soldier Creek and the drainage ditch 
west of building 3001. The portion of Soldier Creek dredged 
included Soldier Creek Lagoon. Soldier Creek Lagoon is a 
sediment pond created by a low-water dam above the discharge 
points from the waste water treatment plants. Water from Soldier 
Creek Lagoon is diverted through an oil and grease trap known as 
Prices Pond. 

APPENDIX II 

EPA requires disposal sites receiving hazardous waste from sites 
being cleaned up in accordance with CERCLA to meet stricter 
standards than sites complying with the Resource Conservation and 
Recovery Act. Tinker's records indicate that 2,579 cubic yards 
of contaminbted sediment dredged from Soldier Creek was disposed 
of at Rollins Environmental Services' landfill near Houston, 
Texas. Rollins Environmental Services' landfill did not meet 
these stricter standards because of groundwater contamination 
problems. In July 1986, subsequent to Tinker's disposal of the 
sediment at Rollins, DOD verbally agreed with EPA that hazardous 
waste removed during IRP cleanup projects would be disposed of at 
CERCLA-approved sites. 

FUTURE PROJECTS PLANNED 

The Corps of Engineers plans to perform a complete investigation 
of the streams on base, and according to Oklahoma Water Resources 
Board officials, it is very important that the source of 
contamination in these streams be cleaned up before any further 
cleanup actions are taken. If the contamination going to the 
streams is not stopped, the streams might have to be cleaned more 
than once. For example, the cost of dredging the visible 
contamination from a relatively small area in Soldier Creek was 
$2.3 million, but core samples taken after the dredging continue 
to show high levels of heavy metals. The heavy metal found in 
these core samples, taken to a depth of 24-inches, did not 
diminish with depth. 

The high cost of this type of cleanup has resulted in 
consideration of alternatives to dredging, such as using microbes 
to treat the contamination. Water samples taken from base 
streams by EPA and the Oklahoma Water Resources Board continue to 
indicate that streams are receiving contamination. Tinker's 
personnel have corrected hundreds of misconnected drains that 
feed these streams and expect to continue finding problems of 
this nature. 
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APPENDIX III APPENDIX III 

STATUS OF INSTALLATION RESTORATION 

PROGRAM SITES AT TINKER AIR FORCE BASE 
HARM 

Site/Area szore - ___ Phase I Phase II 

Waste trenches have settled, 
collecting rainwater. 
Monltorlnq wells were 
installed-and sampled. 
Samples indicate a llmited 
impact on groJndwater quality. 
Recommend quarterly sampling 
for 1 year to verify and 
quantify seasonal variation. 

i 

1 Landfill 1 45 Low potential fax contaminant 
mlqration. Landfill used for 
disposa. of general refuse 
burned to reduce volume. 
Only small amounts of 
chemicals and industrial 

So11 and veaetat~on now cover 
the landfill. The Corps of 
Engineers (Cog! “as sampled 
selected trenches and 
nonitor~ng we-1s. A drafr 
remedia: action plan is 
scheduled to be publlshed lby 
January 1988. I 

1 wastes were disposed of 
, tI;iz,,I;df;fther nonitorlnq 

-I- 
sol1 and vegetation cover tte 
IandEill. and the oond nas 
been br&ched to r;move tF.e 
water. CCE has sameled 
selected trenches and 
monitorins wells. 9 draft 

Landfill 2 65 Hlqh potential far contaminant 
migration as 3 pond IS Located 

Trenches have settled, 
collecting rainwater. water 
overflows into a nearby pond 
and eventually enters Crutcho 
Creek. samples take” from 
mcnitorinq wells indicate on:! 
limited impact on groundwater 
quality. Samples taken from 
the pond did not show any 
elevated levels of 
contamlnatian. 
jecommsnd quarterly sampling 
for 1 veal: to verify and 
qantiiy seasonal variations. 

nearby. General refuse and 
small amounts of Industrla; 
waste were disposed of here. 
A small pond was bu;lt over 
the landfill. 
Aeccmmend a geophysical sr(rvey 
and grauntiwatee monitoring. 
Sample and analyze leachate 
stcears and drain the pond to 
redcce possible contaminant 
mlgratlo". 

renedl~l action plan 1.i 
scheduled to 36 publlshed by 
January 1988. 

- 

6M 

71 

- 

51 

Landf:L. 3 MOderate potent;a. for 
contaminant niqratia”. 
General refuse and smdll 
quantltles oE industrial 
‘wastes were disposed of here. 
Recommend geophysical s;rvoy 
to define boundaries and 
qeoloqy under the landfIll. 
Recommend add:tional grourd- 
water nonltorlng and anslysls 
of any leachate pluvzs. 

Mx,it3rl”:j wells -“stalled an< 
sampled. Saaples indicate a 
Ilmited lnpact on qroundwater 
quality. 
Rezomaend quarter-y sampling 
for 1 year to verify and 
quantity seasonal variation. 

Tops011 now c‘0i'e~S the 
landfill, COE has sdmpled 
selected trenches and 
monitorlnq welts. A draft 

3 

xemedlal action plan :s 
scheduled to be oublished by 
Jlnuary 1988. 

Landflll 4 HlrJh potent1a1 for cantsmlnant 
lTllgrC3t10”. Leachate ~ossrved 
containlnq mercury, phecols, 
011, and grease. 
Recommend geophysical sl;rvey 
and groundwater monitors”?. 
AlSO, sample and analyze 
leachate strearrs. 

Surface runoff flows Into 
Crutcho Creek. Leac'Tate and 

Soil and partial vegera:~a” 
cover the landfill. COE :,a5 
sampled se.ected trenches ar.d 
monitoEinq wells. A draft 
remedla; action plan is 
scheduled co be pLblisned by 
January 1988. 

manltorlnq well samales 
lndlcate a limlted impazt on 
groundwater quality. 
Recommend quarterly sampling 
for _ year to verify and 
quantify seasonal variation. I 

Landflll 5 Moderate po:ential for 
contaminant migration. ma:1 
seepage sr.reairs were observed. 
Recommend geophysical survey 
to defloe boundarIes and 
qeo1oqy ..“ier the landf 111. 
also recomaend Jroundwater 
monitorin and sampllnq of 
leachate streams. 

holding L?.+i”water. A 
nonltorlnq well w&s Installed 
and sampled. Data collected 
does not provide evidence of 

the site. toe ~3s sampled 
selected trenches for iast-‘ 
characterization 3”J selected 
other trenches u.111 also be 
sampled. Abe COE has also groundwater zontazninatlo”. 

Surface cf landfill has been 
disruatei; zy current 
constructlo activities. 
Recommend continulnq review 
when cccstruction is 
corr3leted. 

installed and sanpled 9 
monitcrinq ,&ells. currently 
awaitlng results. if “othl”‘J 
shows 8’~ sn the test results, ) 
this investigation d111 be 

LandfIll 6 1 56 Moderate ootentlal for 
ccntaminant .niqrat:on. 
General refuse and small 
quantltv of Industrla. waste 
&teriais were disposed of 
here. 
Recoamenc Jeophyslcal 
survey t3 define boundaries 
and oeolaqy under the 
lanciill.--Also, recommend 
addltlcnal qroundwater 
monitoring. 

Landflil was capped with c.ay 
and t3pso11. COE recent:y 
found six uncapped trenches 
2nd sampled th;; for “aSte 
characterization. The COE “ds 

ronltorina well samples 
confirm presence of 
chlorlnatad oryanlc 
COlnpOU”dS. AS a result, 1~ is 
a oossiale source of 
cohta.mlnatl.3” of a private, 
off-oa*e well. Rddltlonal 

also installed and sampled 19 
monltsring dells. It “othlng 
shows up on the test results, 
,nvestljatlon will be cornpIece. 
A contract to complete :he 
clay cap will be awarded in 
September -987. 

monitoring ~2~:s were 
Installed and sampled, 
indicating the landflit 1s 
rr1easln-i synthet.c organic 
ahenicals. 
Recsmoend addItIona 
monitoring wells be installed 
tn test Impact on the aquifer. 

i i 
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APPENDIX III APPENDIX III 

HARY 
Site/Area s-ore Phase I - - Phase II 

Performed geophysical survey, 
soil sanpllng, and manitcr1r.g 
‘well samp11ng. Results show 
little or no miqratian of 

‘waste contaminants away frail 
the site. 
uo additlonal work required. 

- 
61 Yoderatr potential for 

contaminant migration. 
Reconmend sampllnq and 
analysis proqiam eha: include: 
oatainlnq sorl borings in and 
around waste pit. 
Also, recommend a geophysical 
survey to define the site 
ooundarles and identify any 
leachate plunes. 

submltted to the state, 3”t “3 
rssponse to date. Oklahoma 
water ReSo”rCeS Board 
sfficlals say it 1s likely the 
contaminants disposed of in 
this pit seeped into Slm Creek; 
thus only trace cantamlnatlon 
remains at the site. 

68 

- 

55 

- 

47 

High potentlal for contaminant 
migration. Did not hwde an 
impermeable liner while in operation. 
Recommend a sampling and 
analysis program to obtain 
soil borings I” and around 
the waste p:t and a 
‘qeophyslcal survey. 

Perforned geophysical survey, 
sail sanpllnq, and 
monitoring well sampling. 
Results :ndlcate the waste is 
?ot ,nl:jratlng From the site. 
Unless surface is disturoed 31 
d15srupted, slgnlficant 
2ontamlndnt mluration 1s 
Jolikely. - 
No further work is ccnsldered 

$ WNO kctlo”” plan has been 
submltted to the state, out 
“a response to date. QKilho,“a 
Water Resources Board 
offlzlals say It 1s likely 
that contamioants from th;s 
pit seeped Into Elm Cree<; 
thus only a trace of 
~o”taml”at,o” relnalns at kh.2 
s>te. 

‘Jot lncludrd I” Phase II. No lnvestlgation tc date. 
plans t” l”S a11 ‘i 
dells and take 3 to 4 sol1 
borings by July 1381. 

I 

Yaderate potentia: for 
contaminant migration. !4711e 
I” speratlon this pit was 
unlined. 
Recommend sainpl~ny and 
analysis program thar includes 
ootalnlnq so11 borings in and 
around the area. 
AlSo conduct yeophyslcal 
survey to define boundaries 
snd identify any leachate 
plumes. 

Loil potential for contaminant 
ligretion. This site was asec 
1nfrequent1y as a te,nporary 
traininy area. 
Vo farther monitoring. 

Flre 
training 
ared 1 

CCIE nade SIX bcrlnqs and found 
no contamination. Nothlng 
further ~111 be done. 

INot Included in Phase II. 

Radioactive 
waste 
disposal 
Site 1020w 

59 

- 

49 

- 

37 

Y3crrata potent1a; for 
contaminant m~qrat~on. Site 

Uat Included in Phase II. No :n”e.st~gat~ons have been 
performed to date. HOWe”*r, 
records were fo+nd that 
Lndlca:e the site had been 
cleaned up in tne early 195~3’s. 

1s ~elleved to-be located in 
the pond over landfIll 2. 
mw-ievf3i radIoactIve 
naterial disposed of here may 
‘have been removed I” 1955. 
Recommend draining the pond 
and samplrng and analyzing 
dater and surface area for 
radiation leveis. L 
:1si pztentlal For contam,nant 
niqratlon. Site was used t3 
9is33se of conta,ners of low- 
level radioactive material. 
iecent studies show no harmf.zl 
levels of radloactivlty. 
40 further monitoring. 

performed to locate and 
identify the site. The area 
was marked with retal stakes. 
No further Investlgatlcn. 

t 
>ov potentlal for conrdrinant 
nigration. Contains low-level 
:adioa:tlve material. It 1s 
selleved the material may have 
,ee” rrnoved. No lncreasrd 

Seophyslcal survey found na 
lndlcation of the location 
of the site. It is very 
probable the material was 

NO Eurthe: ~niestljatlons 
planned. 

RadIoactIve 
1 waste 

dlsposai 
1 site 62598 

Iemoved. 
No follow-on investlqations 
are recommended. 

radioactivlty near the site. 
W further monitoring. 
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HkRM 
site/Area score - __ 

Fuel farm 

r’hase I Zhase II 

- 
-- 

- 
__ 

radioactive material. RE?C‘S”t 
radlo:oglcal ranitorin’; haS 
not identified any increased 
radloactivity Neal tae site. 
No Eurther monitoring. 

Recommend a comprehensive 
sediment sampling program an 
base streams to characterize 
sediments and define any 
psllutant ,nlyratlo”. AlScl, 
recommend water quality 
samplirq I” the streams. 

!dot lnzlu3ed .n Phase I stJdy. 

Not included :n Phase I study. 

Collected and analjzea 2i 
samples fron 23 sediment 
sampling stations. 7-2s 
analysis showed no evidence 
of elevated levels of 
Industrial ccntaminants. 
No fot.ow-on acrlon deemed 
“~C~SS~~y. 

Llmlted contaminant Ieana;s 
moving downward in vicinity of 
wells 18 and 19. Sever: 
monitariny wells were 
installed and sampled wltn URIC 
showlny high le,~els of TCE. 
The contamination is not a 
single, defined SOULC~ but is 
conflned to the shallow IevolS 
of the aquifer, indicatiny 
other wel,s in the vicinity 
are c:ean. An inspection 3f 
active and inactive 
underyround Sto:aye tan<5 and 
pits was lnade because they 
were consldered possible 
sources of the contaminatlcn 
under the bullding. 
Reconmended renedlal acticn IS 
to punp and treat the 
c~ntanlnatlo”. Also recomlrend 
entering, Inspecting, and 
sampling selected pits and 
tanks for solvents. 

Uot included :n Phase II 
study. 
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CUrrent Stdtus 

No investiyatlon to date. T-Lr 
State of Oklahcma ras intilsatw 
that It will not agpra’,e ani 
type Of Sltd remrdlatlos shnrt 
Of remova- and dlSFoSa1 dt a? 
approved size. 3ecords 
lndlcate the presence cf a 
“still” burled nt tne site ind 
surface radlo~ctlvLty 
oeasutiements ccnfirm tniS. 4 
contract through Braoks A?!, to 
remove and disgcse of tnr stil 
as we;: as test adlacent ;;ull 
1s scheduled to be lnitiatec 
in October 1987. 

A sectloo of East Soldier 
Creek has been dredyed, 
removing 8,481 cubic yards of 
sedlnent. COE plans to Sanpl? 
and test Crutcho, Khulrran, azd 
Elm Creeks by March 1338. 

Base Water supply wzils 13 
and :9 were Fluyyrd in 
September 1986. cm “65 
Installed and sampled 31 
manltorlng wells ,n and dr”vll; 
bul:dlny 3001, but tr.e extent 
of the contaminatlnn plume :ids 
not been defined. TWO 
additional .nonltoring wells 
have recently been ixtallazl 
and sampled, and COE IS 
awaLtinq the results. 
Abandoned pit locaTions nave 
been .ocated 11, the so-t-, ?art 
of the bulldlny, and 4 p,tS 
have been recommended for 
remowl _ COE should corr2lrte 
the action plan deslyn bf 
A”q”St L987. 

‘The parched aqulPer benea:h 
thr fuel tarn area IS 
contaminated with fuel froir 
underuround Euel tanks. T-z 
fJe1 plume IS a maximum of 4 
feet thick and con:ains 46,aaZ 
to ia. ja11ons of Curl. A 
plune of benzene, toluene, a?d 
xylem surrounds the fuel. 
Immediate measures are belnq 
tale” to remove the 
contanlnants. TWO recovery 
wells have been lnsta.lrd t” 
pamp out the fuel and watcir 
separately. erocureoent or d 
cum0 is in P~OCISS. About ioa 
;alions af ;atrr and 150 
gsllsns of fuel will be pumped 
dally. The remedlat action 
repart IS due by .Ju.y 1987. 



APPENDIX IV APPENDIX IV 

OBJECTIVE, SCOPE, AND METHODOLOGY 

The objective of this review was to evaluate the actions the Air 
Force has taken at Tinker AFB to identify abandoned hazardous 
waste sites and to clean them up where necessary. 

We reviewed the reports of the Phase I and Phase II 
investigations at Tinker. These investigations began in 1981 and 
continue to date. To further evaluate Tinker's program, we 
interviewed officials at the Environmental Management 
Directorate, Tinker; Environmental Protection Agency: Oklahoma 
State Department of Health; Oklahoma Water Resources Board; 
Garber Wellington Aquifer Association, made up of users of the 
aquifer; Occupational and Environmental Health Laboratories; Air 
Force Engineering and Services Center; and the U.S. Army Corps of 
Engineers. We also toured the facilities at Tinker and observed 
several IRP sites. We attended and obtained minutes from the 
Technical Review Committee and Technical Working Group meetings. 

Much of our work for this report was based on work we had 
previously done at Tinker Air Force Base and discussed in our 
report entitled Hazardous Waste Management at Tinker Air Force 
Base --Problems Noted, Improvements Needed, GAO/NSIAD-85-91, 
July 19, 1985. 

Our work was performed in accordance with generally accepted 
government auditing standards. 

(392244) 

23 





. 

Requests for copies of GAO reports should be sent to: 

U.S. General Accounting Office 
Post Office Box 6015 
Gaithersburg, Maryland 20877 

Telephone 202-275-6241 

The first five copies of each report are free. Additional copies are 
$2.00 each. 

There is a 25% discount on orders for 100 or more copies mailed to a 
single address. 

Orders must be prepaid by cash or by check or money order made out to 
the Superintendent of Documents. 



United States 
General Accounting Offke 
Washington, D.C. 20548 

Offkial Business 
Penalty for Private Use $300 

Address Correction Requested 

First-Class Mail 
Postage & Fees Paid 

GAO 
Permit No. GlOO 




