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COMPARING CLEANUP COSTS TO RISKS FOR SELECTED USAF PUMP AND
TREAT SYSTEMS REMEDIATING TRICHLOROETHYLENE CONTAMINATED
AQUIFERS

EXECUTIVE SUMMARY
In the United States, from 300,000 to 400,000 contaminated sites are scheduled for cleanup in
the coming decades, at an estimated total cost as high as $500 billion to $1 trillion (National
Research Council, 1997). Pump and Treat (P&T) remediation systems are in place, or will be in
the future, at many of these sites to remediate contaminants that have migrated into the
groundwater. Many are questioning the ability of conventional technologies such as P&T to

remediate contaminated aquifers.

This study investigates P&T systems operating at U.S. Air Force (USAF) installations having
groundwater contaminated with Trichloroethylene (TCE). As part of this study, it was found that
in 1997 the USAF was operating eighty-six P&T systems at forty-nine of its installations. The

operation of many of these cleanup systems is expected to continue for an additional 20-40 years.

The Environmental Protection Agency (EPA) regulated TCE in drinking water in 1987 at a level
of 5 parts per billion (ppb). Studies of groups of humans exposed to TCE have consistently
indicated no overall increase in cancer risk, although small uncertain increases in certain types of
cancer have been observed. This study is a compilation of information on Air Force installation
puinp and treat systems to submit to the EPA’s Office of Drinking Water in support of a review
and possible revision of the TCE Drinking Water Standard to a scientifically defensible level.
Physiologically based pharmacokinetic models support a safe levél of TCE in drinking water up
to 2 orders of magnitude higher than the current policy based standard, or somewhere between
50 ppb and 200 ppb (Bogen, 1997). At a minimum, cleanup standards addressing drinking water

aquifers should be considerably relaxed for non-potable water aquifers.

This study involved several steps. First, an inventory of all the USAF P&T systems was
performed (Appendix A). This involved contacting and gathering information from 101 AF
installations located in the 50 U.S. states and Guam. The search revealed that the Air Force has
86 P&T systems, 61 of which have TCE as a contaminant of concern. More detailed information

was gathered on thirty-one of the TCE sites. From this information statistical forecasting was




performed on 15 sites to estimate when P&T systems could be turned off based on the different
remediation goals of 5 ppb, 50 ppb, and 100 ppb. Data from only 4 of the 15 sites was useable in
the statistical forecasting model used for this study. Analytical data collected over time from
eight of the sites, or 53%, showed increasing or very erratic concentration trends. This finding
further illustrates the inefficiency of pump and treat systems in remediating TCE contaminated
aquifers. Data from only 4, or 27%, of the systems studied showed a consistent downward
contamination trend and were progressing toward cleanup. The remaining 3 sites had too little

data to undergo statistical forecasting.

The fundamental purpose of remediating contaminated sites is to reduce risks to human health
and the environment. However, reducing a small amount of risk can come at a high cost.
Automobile side door protection standards save lives at $1.3 million each. OSHA asbestos
regulations save one life at $89.3 million. EPA asbestos regulations save lives at $104.2 million
each. The proposed OSHA formaldehyde standard cost $72 billion per life saved (Morrall,
1986). At the four sites studied, the cost to eliminate one lifetime excess cancer risk as the
cleanup levels are reduced ranged from $9K to $2.4 M. The cost for each ppb reduction in TCE
concentration for the four sites ranged from $5K to $1.4M. Considering just the 4 sites for which
the statistical forecasting model was used, the cost savings realized from raising the TCE
Drinking Water Standard or Maximum Contaminant Level (MCL) from 5 to 50 ppb would be
approximately $60 million and from 5 to 100 ppb would be approximately $72 million. If the
average cost savings from these 4 sites was applied to the 61 USAF TCE sites, $0.9 billion and
$1.1 billion could be saved by raising the TCE MCL to 50 ppb or 100 ppb respectively.

INTRODUCTION

Over the past quarter century, the United States has placed a high priority on cleaning up sites
where contaminants have leaked, spilled, or been disposed of in the soil and groundwater.
Anywhere from 300,000 to 400,000 contaminated sites are scheduled for cleanup in the coming
decades, at an estimated total cost as high as $500 billion to $1 trillion (National Research
Council, 1994; Russell et al., 1991). The Office of Management and Budget estimates the costs

of remediation at contaminated sites on property owned by the Departments of Defense, Energy,



Interior, and Agriculture and the National Aeronautics and Space Administration will total

between $234 and $389 billion over the next 75 years (Federal Facilities Policy Group, 1995).

The Environmental Protection Agéncy (EPA) estimates the following numbers of US
government sites need some type of cleanup (HTIS, 1998):

o Department of Defense (21,400): fuels, solvents, industrial waste, unexploded
ordnance;

e Department of Energy (10,000): radioactive and hazardous wastes, mixed waste, and
fossil fuel; '

e Department of the Interior (26,000): mining and other municipal and industrial wastes;

e Department of Agriculture (3,000): hazardous and mining wastes, other chemical
wastes;

e National Aeronautical and Space Administration (730): fuels, solvents, industrial
wastes.

Contaminants at many of these sites have migrated into the groundwater where P&T remediation
systems are in place or will be in the future. Many are questioning the ability of conventional
technologies such as P&T to remediate contaminated aquifers. Pump and treat systems are one of
the most widely used groundwater cleanup technologies. These systems extract contaminated
groundwater and convey it to the surface where it is treated to remove the unwanted
contaminants. They can be used to cleanup groundwater or to contain a plume, thereby
preventing spread of contamination. The systems came into wide use in the mid-1980s; however,
by the early 1990s regulators and scientists began questioning their effectiveness (DoD IG,
1997). |

A 1994 National Research Council (NRC) study of conventional groundwater cleanup systems at
77 contaminated sites determined that groundwater cleanup goals had been achieved at only 8 of
the sites and that full achievement of cleanup goals was highly unlikely with the in-place
technologies at 34 of the 77 sites (NRC, 1994; MacDonald and Kavanaugh, 1994, 1995). The
lack of commercially available technologies that can restore contaminated groundwater at
reasonable cost has led to increasing pressure to limit waste cleanups to sites that pose immediate
risks to human health rather than applying costly and potentially ineffective conventional
cleanup systems. The American Society of Testing and Materials (ASTM) in 1995 issued a
standard entitled “Standard Guide for Risk-Based Corrective Action Applied at Petroleum




Release Sites” (known as RBCA) that outlines a procedure for limiting the cleanup of
underground storage tanks sites to those posing immediate risks (ASTM, 1995). RBCA is a
process for determining site-specific risk factors and setting site-specific cleanup goals. If RBCA
were widely applied at all types of contaminated sites, a large percentage of sites currently
marked for remediation would not be actively cleaned up (Begley, 1996) and many systems

currently operating would be turned off much sooner.

This study is primarily concerned with P&T systems operating at U.S. Air Force (USAF)
installations having Trichloroethylene (TCE) contaminated groundwater. As part of this study, it
was found the USAF is operating eighty-six P&T systems at forty-nine of its installations.
Trichloroethylene is the predominant contaminant of concern; it is present at sixty-one, or 71%, \
of the P&T systems and more will be operating in the future. The operation of many of these
cleanup systems is expected to continue for an additional 20-40 years. The restoration of these
sites has the potential to cost the USAF, and thus the taxpayers, several billion dollars over the

next decade. Clearly, the time is right for a reevaluation of these systems and their cleanup goals.

Background

~ TCE was used widely by the USAF as a metal degreaser and solvent for over 40 years. It is
especially valuable because of its cleaning properties, low flammability, and lack of a
measurable flashpoint. TCE is a colorless, volatile liquid, and an unsaturated aliphatic
hydrocarbon. In 1995, U.S. demand for TCE was about 128 million pounds (Halogenated
Solvents Industry Alliance, Inc., 1996).

The Environmental Protection Agency (EPA) regulated TCE in drinking water in 1987 at a level
of 5 parts per billion (ppb) (ATSDR, 1997). At that time TCE was considered a probable human
carcinogen based on the results of animal bioassays. Using the animal bioassay data, a
concentration of 3.1 ppb was established to equal an excess cancer risk of 1 in one million (1E-
6). This translates to an excess cancer risk of 1.6 in one million in the case of the 5 ppb MCL
established for TCE using the assumption that a 70 kg man consumes 2 liters of water a day, 350

days a year, for a residence time of 30 years. In establishing a drinking water MCL, EPA



established a non-enforceable health goal of zero and set the enforceable MCL at 5 ppb based on
technological feasibility. One ppb is equivalent to one drop in 17,000 gallons.

Studies of groups of humans exposed to TCE have consistently indicated no significant overall
increase in cancer risk, although small uncertain increases in specific types of cancer have been
observed. A retrospective study of 7,000 U.S. aircraft maintenance workers, followed for an
average of 25 years, failed to demonstrate any significant association between exposure to TCE
and an excess rate of cancer. A similar study of 2,600 exposed workers found no increase in
cancer mortality despite additional exposure through contaminated groundwater (Halogenated
Solvents Industry Alliance, Inc., 1996). The International Agency for Research on Cancer
(IARC) has reviewed TCE four times. In the first 3 reviews IARC concluded that TCE could not
be classified with regard to its possible carcinogenicity in humans. However, in 1995, IARC
considered the epidemiological evidence as suggestive of a cancer hazard to humans and
reclassified TCE as 2A (possibly carcinogenic to humans) (International Agency for Research on
Cancer, 1995). Health and Welfare Canada proposed (and finalized) a Maximum Acceptable
Concentration for TCE in drinking water of 50 ppb which is ten times the MCL in the U.S.

Conventional technologies for cleaning contaminated groundwater are based on the principle that
if enough water is pumped from the site, the contaminants will eventually be flushed out. A
pump and treat system extracts contaminated groundwater then conveys it to the surface where it
is treated to remove the unwanted contaminants. As mentioned earlier, TCE is the predominant
contaminant of concern for sixty-one USAF P&T remediation systems. Each of these systems

have, on average, an additional 22 years of operation (Karta Technology, Inc., 1997).

Limitations of P&T Systems in Remediating TCE Contaminated Aquifers

The effectiveness of P&T systems depends directly on site conditions and contaminant
chemistry. As the complexity of the contaminated site increases, the likelihood that a P&T
system will attain a cleanup goal that meets drinking-water standards decreases. Particularly
difficult to cleanup are the chlorinated solvents such as TCE (DoD IG, 1997). Because of their
widespread use in many applications, TCE and other chlorinated solvents are among the most

common groundwater contaminants. Nine of the 20 most common chemicals found in




groundwater at Superfund sites are chlorinated solvents. TCE is the contaminant most commonly

detected in groundwater at Superfund sites (NRC, 1994).

The movement and dispersion of TCE in the subsurface differs depending on whether the
solvents were released in a dissolved or undissolved form. If released in dissolved form, TCE
migration is governed largely by hydrogeologic processes. If released in undissolved form, the
liquid TCE will migrate downward through the soil column under the force of gravity. A portion
of the solvent will be retained in the soil pores, but if sufficient TCE is present, it will saturate
the available soil space and continue moving downward until it encounters a physical barrier or
the water table. When encountering the water table, it will spread out along the water table until
enough mass accumulates to overcome capillary forces (Schwille, 1988). Due to the much
greater density of TCE relative to water, it will penetrate the surface of the water table and travel
downward by gravity until it is diminished by sorption or it encounters an aquitard (low
permeability formation). If there is sufficient liquid mass, it can accumulate along the aquitard

and pool in low areas and irregularities where removal ability is greatly diminished (Cohen and
Mercer, 1993).

The flushing process employed by P&T systems has limited effectiveness, especially for
cleaning up undissolved sources of contamination beneath the water table. Key contaminant and
subsurface properties that interfere with flushing include the following (NRC, 1994; MacDonald
and Kavanaugh, 1994, 1995): '

Immiscibility of contaminants with water: Many contaminants are extremely difficult to
flush from the subsurface because of their relatively low solubility in water.

Diffusion of contaminants into micropores and zones with limited water mobility: The
microscopic pores and zones with limited water mobility into which contaminants may
diffuse are extremely difficult to flush with water because of their small size and
inaccessibility.

Sorption of contaminants to subsurface materials: Flushing out contaminants that have
sorbed to underground soils is a very slow process because of the slow rate of
desorption.




Heterogeneity of the subsurface: Prediction models for determining the routes of travel
of contaminants and of water used to flush out contaminants are not always accurate
because of the heterogeneous nature of the subsurface.

Putting Risks in Perspective

The fundamental purpose of remediation technology is to reduce risks to human health and the
environment. Determining the amount of risk present at a site can be very difficult because
quantitative estimates of health and environmental risks at contaminated sites are highly
uncertain (NRC, 1997). Other factors complicate efforts to determine the health effects of
exposure to contaminated groundwater and the effects of reducing this exposure. Detecting
health effects for which there is a long interval between exposure ahd the onset of sickness may
be difficult. Also, the control group (group of people not living near the contaminated site) may
also have been exposed to contaminants from some other source, such as the work place. Factors
such as smoking, poor diet, and absence of prenatal and preventive health care may bias the
results of health investigations (NRC, 1994). The result of these uncertainties is that opinions
about the risks posed by site contamination can vary depending on who conducted the

investigation and who interprets the results.

Health and safety risks comprise one aspect of our lives that we would all like to eliminate.
Unfortunately our economic resources limit us in our ability to do so. If the entire American
Gross National Product were devoted to preventing fatal accidents, we would be able to spend an
average of only $55 million per fatality (Viscusi, 1993). Other demands on these limited
resources such as food, housing, and recreation, would further limit the amount which could be

spent on risk reduction.

The US government has many opportunities to reduce the risks faced by its citizens. Airplane
cabin fire protection costs $200,000 per life saved. Automobile side door protection standards
save lives at $1.3 million each. OSHA asbestos regulations save a life at $89.3 million while

EPA asbestos regulations save lives at $104.2 million each. A proposed OSHA formaldehyde
standard would cost $72 billion per life saved (Morrall, 1986). Which of these regulations are

cost effective and which are over priced for the amount of risk that is alleviated? Cancer is an




endpoint of great concern to people. Table 1 shows cancer risks from environmental agents (US
EPA, 1991).

TABLE 1. CANCER AGENTS AND LIFETIME RISK

Cancer Causing Agents or Situations Approximate Lifetime Risk of Cancer
Exposure to the sun 1in3
Cigarette smoking (pack or more per day) 1in 100
Natural radon in home indoor air 8in 100
Outside radiation (radon and cosmic rays) 1in 1,000
Persons in room with smoker 7 in 10,000
Man-made chemicals in home indoor air 21in 10,000
Outdoor air in industrialized areas 1 in 10,000
Human-made chemicals in most foods 1 in 100,000 or less
Chemical exposure at most uncontrolled 1 in 10,000 to 1 in 1,000,000

hazardous waste sites

Studies show that people are less concerned about natural risks, such as radon, than they are
about unfamiliar risks, such as living near an uncontrolled hazardous waste site. Most hazardous
waste sites pose cancer risks ranging from 1 in 10,000 to 1 in a 1,000,000 before cleanup; or 100
to 10,000 times less than the cancer risks posed by radon in homes. But people are far more
concerned about contracting cancer from hazardous waste sites, even if cancer risks are as small
as 1 in a 1,000,000. The hazardous waste site is man-made, less understood, and is therefore
perceived to be more threatening than radon in homes. However, radon in homes presents far

greater danger than most hazardous waste sites (US EPA, 1991).

Each of us has different levels of risk that we find acceptable. There is no universally acceptable
level. There are also levels of risk which we have very little control over. In the U.S., men have a
l1in2 lifetirhe risk of developing cancer. For women the risk is 1 in 3 (American Cancer
Society). Of course practicing a healthy lifestyle can somewhat reduce an individual’s odds of
contracting cancer. Sixteen individuals in a population of 10 million, may experience an
increased risk of contracting cancer through ingestion of 5 ppb TCE in their drinking water over
a lifetime. This equates to an excess cancer risk of 0.0000016. Theoretically, the probablity (0.5)
of contracting cancer by American males is increased to only 0.5000016 by exposure to 5 ppb
TCE in drinking water. The lifetime risk of death by motor vehicle accident in the U.S. is 1 in 65

people; death by an accident in the home is 1 out of 130 people, and 1 out of 12 smokers will die




from lung cancer. When placed in perspective, the lifetime cancer risks encountered by exposure
to 5 ppb TCE in drinking water is negligible but is costing the US billions of dollars. It should
also be noted that very few of the TCE contaminated aquifers could be classified as drinking
water aquifers. Primarily, aquifers contaminated with TCE are shallow and have always been
unsuitable as a drinking water resource due to low productivity or other characteristics that
would require excessive water treatment. In retrospect, when conducting the survey, we should
have questioned how many of the contaminated aquifers were, or had been, used as a drinking
water resource. Those aquifers which have never been, and will never be, used as a drinking
water resource should not be required to undergo rigorous and expensive remediation processes
unless they may possibly spread the contamination to other resources or become an exposure

pathway.

METHODOLOGY

Inventory of USAF P&T Systems

The first task for this project was an inventory of all USAF P&T systems (Appendix A). This
involved contacting 101 AF installations and gathering the following information: site
identification number, contaminants and their cleanup goal, type of P&T, date system became
operational, size of plume, whether the system is achieving or progreésing toward cleanup goals,
and estimated date to achieve cleanup. This search revealed the Air Force has 86 P&T systems,

61 of which have TCE as a contaminant of concern.

More detailed information was gathered on thirty-one of these sites (Appendix B) which have
TCE as the major contaminant and had been operating for a minimum of 1.5 years. From this
information, analytical data from 15 sites was run through a statistical forecasting model to
estimate when P&T systems could be turned off based on proposed remediation goals of 5 ppb,
50 ppb, and 100 ppb. The statistical program was developed by John Rogers, Senior Statistician
at Westat. This program is based on a Microsoft Excel workbook using regression analysis to
predict future contaminant trends. The analysis is performed using the history of analytical
results obtained from sampling rounds. The remaining 16 of the 31 sites had characteristics
which made them unsuitable for contaminant concentration forecasting in this study. Primary

reasons were lack of analytical data, complex hydrogeology, lack of containment, and no




appreciable remediation progress. The statistical forecasting model was able to predict cleanup
dates for only 4 of the 15 sites. Only these 4 sites showed a consistent downward contaminant
concentration trend and were progressing toward cleanup. A statistical model was used in lieu of
a groundwater model to forecast contaminant levels since the extensive hydrogeological data

needed for the sites in most cases did not exist.

Forecasting Contaminant Concentrations

The statistical program used to derive estimates of cleanup periods produces a graph of the TCE
concentrations for that well or system influent over time after analytical data gathered from the
site is incorporated into it. It assigns an exponential trendline to the data points as well as a 95%
Upper Confidence Interval (UCI). The trendline is basically an average of the sampling
concentrations. The UCI forms an upper bound under which all sampling concentrations fall. It is
assumed the aquifer TCE concentration will reach the various cleanup levels at some year
between that designated by the trendline and UCI. However, the 95% UCI level is used to predict
a conservaﬁve time point when that well or system influent will reach the cleanup levels of 100
ppb, 50 ppb, and S ppb TCE.

When using individual well data, once the prediction of future operating time to achieve a
cleanup level has been made for each well at a site, the median of the cleanup dates for the wells
is found and this is designated as the predicted date in which that site P&T system can be shut
down based on a particular cleanup level. If using system influent concentration data, the data is
fed into the model and the resulting graph predicts the various cleanup intervals. Graphs of the

concentrations and their trendlines over time at various sites can be seen in Appendix C.

Forecasting Lifetime Excess Cancer Risks

The forecasting of lifetime excess cancer risk at the 4 sites was accomplished by using the
statistical model algorithm. The model developed risk curves based on the years when the
monitoring wells or system sampling point reached each of the 3 contamination levels. The risk
curves are plotted against the P&T system cumulative costs. This was done to illustrate that the

costs to operate a P&T system increases greatly over time to alleviate a very small amount of

risk.
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The risk is based on the assumption that lifetime excess cancer risk through exposure to
increasing concentrations of TCE progresses in a linear fashion. We assumed the lifetime excess
cancer risk through the ingestion of 5 ppb TCE in drinking water is 1.6 in one million; exposure
to 50 ppb would be 16 in one million and at 100 ppb the risk would be‘ 32 in one million. Risk
curves were developed based on the dates the aquifer would reach these 3 levels of
contamination. The risk curves were generated by using the same algorithms used in the
contaminant forecasting model to graph the trendline and 95% UCI contaminant concentration
curves. The model was first used to forecast contaminant concentrations and then risk was
derived based on the forecasted year the aquifer would reach those concentrations. The trendline
is an average of the sampling concentrations and is used as a representation of the average risk.
The 95% UCI forms an upper bound under which, almost certainly, all sampling concentrations
would fall and would conservatively represent an upper boundary of potential risk. This allows
for a range of risk. It is assumed that the actual risk falls somewhere between these two
boundaries. Figures 3, 6, 9, and 12 show the changes in average lifetime cancer risk

superimposed on the cumulative costs for the 4 sites amenable to concentration forecasting.

Assessing the Costs

For this study only direct system costs were considered. Costs that can be attributed to a P&T
system are the Remedial Investigation and Feasibility Study (RI/FS), design, installation,
operations and maintenance, components, monitoring for system performance, and long term
monitoring after achieving the remediation goal. For the purpose of this study it is assumed that
RI/FS, long term monitoring, and design costs would be the same whether the cleanup goals
were 5, 10, or 100 ppb. Therefore, baseline costs only consider system installation, operations
and maintenance, major component replacement and repairs, and monitoring for system
performance. The costs provided by the installations were given as 1996 costs except for
installation costs that reflect the year the system was installed. All costs were converted to
constant year 1996 dollars and then spread over the years of operation using the Office of the

Secretary of Defense inflation index issued 14 January 1998.
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Cumulative costs and price to capture each gallon of TCE through time was also determined
based on system construction and modification costs, operation and maintenance, .monitoring,
and system replacement costs. Costs were extrapolated from 1996 costs to other years of
operation. Installation costs, Operation and Maintenance (O&M), monitoring, and major
component replacement costs were primarily obtained from the Department of Defense Office of
the Inspector General’s project, “Evaluation of DoD Waste Site Groundwater Pump-and-Treat
Operations.” Installation costs were converted to constant FY 1996 dollars and then spread over
the years of expected operation by using the Office of the Secretary of Defense inflation rate for
non-personnel issued by SAF/FMC, 14 January 1998. Graphic comparisons (Figures 1-12) were
then made between cumulative costs versus excess cancer risk, amounts of TCE captured, and

yearly average TCE captured.

A cost effectiveness analysis was also performed on the four sites as a way of comparing the
amount of TCE concentration and risk reduced to the amount of remediation dollars spent to
attain the various cleanup levels. Cost effectiveness analysis is a way of determining the return
on investment. Applying the amount of dollars spent instalvling and operating a P&T system
against the improvement in environmental quality or its affect on lifetime excess cancer risks,
can reveal a cost effectiveness ratio JAMA, 1996). Cost effectiveness ratios for the four sites are

depicted in Table 5 located in the Cost Effectiveness Analysis section.

Most of the system costs gathered for the 31 TCE sites in Appendix B were derived from the
DoD Office of the Inspector General’s survey of P&T systems. Where component replacement
costs were not provided they were estimated as being 75% of the system construction and
modification costs. Where TCE price per gallon figures were not provided they were estimated
based on system operation, maintenance, monitoring, and amortized system construction and
modification costs. Where other contaminants are present, costs for TCE and its breakdown
products were estimated as a portion of the costs. If the installation could not provide us with the
amount of TCE captured it was estimated using system influent concentrations and pumping
rates. For the 4 sites for which contaminant forecasting was performed, Figures 1, 4, 7, and 10
display graphs of Cumulative Gallons of TCE versus Cumulative Costs, and figures 2, 5, 8, and
11 display graphs of Yearly TCE Captured versus Cumulative Costs.
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RESULTS

Results of Data Gathering

An inventory of all the USAF P&T systems (Appendix A) was performed by contacting 101 Air

Force installations. The following information was disclosed:

e The USAF is operating eighty-six P&T systems at forty-nine installations.
e Trichloroethylene is the predominant contaminant of concern; it is present at sixty-

one, or 71%, of the P&T systems.
The study also revealed that forty-three, or 50%, of the systems are achieving
containment of the contaminant plume per the site POC we spoke with.

o Fifty, or 58%, are progressing towards established cleanup goals.
e Sixty of the systems have an estimated date when they will achieve cleanup and can

cease operation in 1 to 47 years. The average is 22 additional years of operation.
The known contaminant plume sizes ranged from 0.03 to 1,470 acres. The average is
134 acres.

More detailed information was gathered for thirty-one sites from the inventory which have TCE

as the major contaminant and have been in operation at least 1.5 years (Appendix B). The

following information was disclosed:

In constant FY96 dollars, $168.5 million was spent to install the 31 treatment systems
for an average of $8 million each.

Operations, maintenance, and monitoring costs for the 31 systems totaled $19 million
in 1996 alone.

The combined operating period for the 31 systems for which influent data was
gathered totaled 101 years and roughly 35,000 gallons of TCE was captured during
this time.

This averages out to 347 gallons recovered per year from the 31 systems or 11 gallons
per P&T system per year.

Cost per gallon of TCE recovered varied from a low of $6 at Kelly AFB to a high of
almost $2 million per gallon at Otis ANG.

Average cost of TCE recovered from the 31 systems is $206,000 per gallon.

Forecast of Contaminant Concentrations

Analytical data from the following 15 P&T sites was examined for use in the statistical
forecasting model: OT-12, Plant 44; WP-07, Hill AFB; LF-05, McChord AFB; SD-19, Myrtle
Beach AFB; LF-05, Wright Patterson AFB; OT-24 and SS-17/21/47, Wurtsmith AFB; FSA-1,
Plant 4; LF-1 and LF-3, Amold AFB; LF-02, Fairchild AFB; GC-070, George AFB; OT-01,
Tinker AFB; SS-016, Travis AFB; and DP-02, KI Sawyer AFB. These sites were chosen based
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on the following criteria: TCE was the primary contaminant of concern; the site had a fairly
consistent alluvial geology, the P&T system was servicing a single aquifer and had been in

operation at least 2.5 years.

Data from only 4 of the 15 sites was useable in the model. Analytical data collected over time
from eight of the sites, or 53%, showed increasing or very erratic concentration trends. This
finding further illustrates the inefficiency of pump and treat systems in remediating TCE
contaminated aquifers. Only 4 of the 15 systems studied showed a consistent downward
contamination trend and were progressing toward cleanup. The remaining 3 sites had too little
data to undergo statistical forecasting. The statistical forecasting model performs best on those
sites which have been consistently sampled over a number of years and show a downward
contaminant concentration trend. The following sites fit these qualifications: OT-12 at Plant 44,

LF-05 at Wright Patterson AFB, OT-24 and SS-17/21/47 at Wurtsmith AFB.

OT-12, PLANT 44

This system has been in operation since 1987 and has an extensive monitoring and extraction

well network. The site has one of the largest estimated plume sizes of 440 acres and, of all the
systems studied, has the highest system influent flow rate of 3,800 gallons per minute (GPM).
Contaminant forecasting was performed on nine monitoring wells located in the central plume
area. Table 2 lists the nine monitoring wells and the forecasted years when each is predicted to
reach 100 ppb, 50 ppb, and 5 ppb. The concentration forecasting graphs for these wells can be
seen in Appendix C. To determine when the aquifer TCE concentration would reach the three
target cleanup levels, the median year that each individual well reached the target cleaning level
was calculated. Using this method it was determined the aquifer TCE concentration would drop
to 100 ppb in the year 2002. If the TCE MCL was raised to 50 ppb the system could be stopped
in 2007 and the current TCE MCL of 5 ppb would be reached in 2026. By raising the MCLs to
50 ppb or 100 ppb, 19 to 24 years of operating expenses could be saved respectively.

LF-05, WRIGHT PATTERSON AFB
The P&T system at LF-05 has been operating since 1992. System flow rate is 700 GPM and

groundwater treatment is accomplished in air sparging tanks. Plume size is roughly 4 acres.
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TCE analytical data from five monitoring wells was analyzed and contaminant concentrations
were forecasted. Four of the wells had a consistent downward concentration trend through time,
however well MW-132 showed a slightly increasing trend. The concentration graphs can be seen
in Appendix C. MW-132 is the most downgradient well and its possible that groundwater having
a high TCE concentration may have been downgradient of the extraction system at installation,
was not captured, and is now moving through the area in the vicinity of MW-132. It is also
possibie this well is situated in an area having somewhat higher transmissivity rates than at the
other well locations and this may be responsible for the slightly increasing concentration trend.
Data from well MW-132 was not used as part of the forecast since a downward concentration

trend is required.

TABLE 2. FORECAST OF INDIVIDUAL WELL CLEANUP DATES WITH DIFFERENT
MCLS, OT-12, PLANT 44

Well 100 ppb 30 ppb 3 ppb
M-23 2003 2007 2021
M-25 1994 1997 2004
'M-2B 2002 2007 2026
M-3A 2000 2004 | 2020
M-5 2014 2019 2038
M-7 2002 2005 2018
M-8 2007 2030 2127
M-9 1997 2010 2102
M-41 2011 2016 2035
Median 2002 2007 2026

Table 3 lists the four monitoring wells and the forecasted years when each is predicted to reach
100 ppb, 50 ppb, and 5 ppb. The concentration forecasting graphs for these wells can be seen in
Appendix C. To determine when the aquifer TCE concentration would reach the three target
cleanup levels, the median year that each of the 4 individual well reached the target cleanup level

was calculated. Using this method it was determined the aquifer TCE concentration would drop
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to 100 ppb in 1998 and to 50 ppb in the year 2000. It will reach the current TCE MCL of 5 ppb
in the year 2006. By raising the MCL to 50 ppb or 100 ppb, 6 to 8 years of operating expenses

could be saved respectively.

- TABLE 3. FORECAST OF INDIVIDUAL WELL CLEANUP DATES WITH DIFFERENT
MCLS, LF-05, WRIGHT PATTERSON AFB

Well 100 ppb 30 ppb 5 ppb
HD-11 1998 2000 2005
131-M 1998 2000 2006
CW5-85 2002 2005 2017
CW5-55 1996 1998 2003
Median 1998 2000 2006

OT-24, WURTSMITH AFB
The P&T at OT-24, also known as Mission Drive, has been operating since May 1988.
Remediation is accomplished through air stripping and system flow rate is 180 GPM. Plume size

is roughly 109 acres.

Monitoring wells at this site are not sampled on a scheduled basis. However the treatment system
influent is sampled weekly and is the primary means of monitoring this site. TCE sampling data
from July of 1993 to May of 1997 was run through the statistical forecasting tool. Influent TCE
concentrations were no more than 100 ppb in 1997 and it was determined with 95% confidence
that influent TCE concentration would be no more than 50 ppb in the year 2000 and 5 ppb in the
year 2007. It is understood that sampling a system’s influent is not as good an indicator of

aquifer conditions as the sampling of monitoring wells but it will still allow for a rough estimate

of attainment periods.

SS-17/21/47, WURTSMITH AFB
This site is also known as the Arrow Street site. It has been at various stages of operation since
1981. It employs an air stripper with granular activated carbon as a backup. The plume size is

roughly 48 acres and system flow rate is 590 GPM.
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Monitoring of TCE concentrations at this site is accomplished primarily by sampling the P&T
system influent. TCE sampling data from July of 1993 to May of 1997 was run through the
statistical forecasting tool. All TCE sample concentrations were below 100 ppb and did not
exceed 50 ppb in 1996. If the TCE MCL was 100 ppb this site may have not required
remediation and with an MCL of 50 ppb the system may have shut down in 1996. It was
determined with 95% confidence that the influent TCE concentration would decrease to 5 ppb in

the year 2041. The concentration graph for this site can also be seen in Appendix C.

Assessing the Costs

OT-12, PLANT 44

The statistical forecasting model used for this study predicted the TCE concentration at this site
would reach 100 ppb in 2002, 50 ppb in 2007, and 5 ppb in 2026. By the year 2026 the system is
predicted to only capture 0.4 gallons TCE for that year at a cost of $306K or $764K/gallon. If the
MCL was raised to 50 ppb or 100 ppb the TCE per gallon costs would be $71K and $38K
respectively. Cumulative costs to operate the P&T system until 2002 would be $26M, until 2007
it would cost $37M, and $87M if operated until 2026. When the aquifer TCE concentration
reaches 100 ppb, estimated to occur in 2002, 1,700 gallons of TCE will have been captured at a
cost of $15,000 per gallon. By 2007 a total of 1,948 gallons of TCE will have been captured at a
cost of $19,000 per gallon. By the year 2026, when its predicted the TCE concentration will
reach 5 ppb, 2,186 gatlons of TCE will have been captured at a cost of $40,000 per gallon.
Figures 1 and 2 are graphs of Cumulative Gallons TCE Versus Cumulative Costs and Yearly
Average TCE Captured Versus Cumulative Costs, respectively. Figure 3 graphs the Lifetime
Excess Cancer Risk versus Cumulative Costs for this site. Table 4 (Page 29) lists the various

predicted costs and risks associated with the three MCLs for this site.

LF-05, WRIGHT PATTERSON AFB

Through the use of the forecasting model, it was determined this aquifer would reach a
contaminant concentration of 100 ppb in 1998, 50 ppb in 2000, and the current TCE MCL of 5
ppb in the year 2006. By raising the MCL to 50 ppb or 100 ppb, 6 to 8 years of operating
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expenses could be saved respectively. By the year 2006, it is anticipated that the P&T system
will achieve the predicted 5 ppb cleanup level. For the year 2006, it is estimated that only 0.06
gallons of TCE will be captured for a cost of $390K or $6.5M per gallon. If the MCL was raised
to 50 or 100 ppb the cost per gallon would decrease to $2.1M or $492K respectively. Cumulative
costs to operate the system until 1999, 2000, or 2006 would be $2.7M, $3.5M, or $6.3M,

respectively.

When the aquifer TCE concentration reaches 100 ppb, estimated to occur in 1998, 6.6 gallons of |
TCE will have been captured at a cost of $409K per gallon. By 2000, a total of 6.9 gallons of
TCE will have been captured at a cost of $507K per gallon. By the year 2006, when its predicted
the TCE concentration will reach 5 ppb, 7.3 gallons of TCE will have been captured at a cost of
$863K per gallon. Table 5 (page 35) summarizes these findings. Figure 4 graphs Cumulative
Gallons TCE versus Cumulative Costs for this site and Figure 5 graphs Yearly Average TCE
Captured versus Cumulative Costs. Figure 6 graphs the Lifetime Excess Cancer Risk versus
Cumulative Costs. Table 4 (page 29) lists the various predicted costs and risks associated with

the three MCLs for this site.

0OT-24, WURTSMITH AFB

Using the statistical model it was predicted the influent TCE concentration at OT-24 would be no
more than 100 ppb in 1997, 50 ppb in the year 2000, and 5 ppb in the year 2007. When the
aquifer TCE concentration reaches 100 ppb, 42.5 gallons of TCE will have been captured at a
cost of $14K per gallon. By 2000, a total of 50.6 gallons of TCE will have been captured at a
cost of $19K per gallon. By the year 2007, when its predicted the TCE concentration will reach 5
ppb, 52.1gallons of TCE will have been captured at a cost of $26K per gallon. In the year 2007
alone, the cost to recover a gallon of TCE would be $262K although it is predicted the P&T
system will only capture 1.52 gallons between 2003 and 2007. If the MCL was raised to 50 or
100 ppb the cost per gallon would decrease to $45K or $8K respectively. Cumulative costs to
operate the system until 1997 would be $593K, $956K until 2000, and $1,353K if operated until
2007.
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Table 4 (page 29) lists the various predicted costs and risks associated with the three MCLs for
this site. Figure 7 graphs cumulative gallons TCE versus cumulative costs for this site and Figure
8 graphs gallons TCE captured versus cumulative costs. Figure 9 graphs the lifetime excess
cancer risk versus cumulative costs for this site. Figures 7 and 8 are graphed in 5-year
increments due to the nature of the data collection.

SS-17/21/47, WURTSMITH AFB

The predicted year for the influent concentration of this system to reach 5 ppb is 2041. The 50
ppb concentration was reached in 1996. Influent concentrations have always been below 100

ppb. In the year 2041, when the system influent concentration reaches 5 ppb, the cost to recover a
gallon of TCE would be $947K. It is predicted the P&T system will only capture 1.02 gallons for
the 4 years between 2038 and 2041. Cumulative costs to operate the system until 2041 would be
$6.8M. If the P&T had been operated only until 1996 the cumulative costs would have been $1M
for a savings of $5.8M.

When the system influent TCE concentration reached 50 ppb in 1996, roughly 31 gallons of TCE
had been captured at a cost of $32K per gallon. By the year 2041, when its predicted the TCE
influent concentration will reach 5 ppb, 97gallons of TCE will have been captured at a cost of
$70K per gallon. Table 4 summarizes lists the various predicted costs and risks associated with
the three MCLs for this site. Figure 10 graphs Cumulative Gallons TCE versus Cumulative Costs
for this site and Figure 11 graphs Gallons TCE Captured versus Cumulative Costs. Figure 12
graphs the Lifetime Excess Cancer Risk versus Cumulative Costs for this site. Figures 10 - 12 are

graphed in 5-year increments due to the nature of the data collection.

COST EFFECTIVENESS ANALYSIS

Cost effectiveness analysis (CEA) is a way of determining the return on investment. The cost

effectiveness ratios for the four sites studied are summarized in Table 5.
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" CEA, OT-12, Plant 44
At Plant 44, a reduction in the contaminant level from 100 ppb to 50 ppb (50%) requires an
increase in cost of approximately 39%, or approximately $205 thousand per each unit (ppb) of
reduction in contamination. A reduction in the contaminant level from 50 ppb to 5 ppb (90%
decrease) requires an increase in costs of approximately 139% or more than $1.1 million for each

ppb of contaminant reduction.

For site OT-12, analytical data from nine individual monitoring wells was available. For this site ‘
the year in which each of the wells was expected to reach a given cleanup goal was statistically
determined and an average of when all the wells would reach a given cleanup level was.
estimated. Therefore, not all the wells would reach a given goal simultaneously and the risk
associated with the average time would not necessarily be equivalent to that associated with 5
ppb, 50 ppb, or 100 ppb concentrations. For OT-12, Plant 44, the UCI predicts that a TCE
concentration of 100 ppb is likely to be reached in 2002. The range of Lifetime Excess Cancer
Risk (LECR) associated with the trendline and 95% UCI of the trendline is 15 — 51 individuals
per one million, respectively. It is predicted that the range of LECR will be 7.1 — 26 individuals
per one million, based on when the trendline reaches 50 ppb and the 95% UCI of the trendline;
and at 5 ppb the predicted LECR will range from 0.7 — 4.6 individuals per one million exposed.
The cost to reduce one LECR per million population from 100 ppb to 50 ppb is predicted to fall
between $410 thousand and $1.3 million. The cost to reduce one LECR per million population

from 50 ppb to 5 ppb is predicted to be between $2.4 and $7.9 million.

CEA, LF-05, Wright Patterson AFB
At LF-05, a reduction in the contaminant level from 100 ppb to 50 ppb (50%) requires an
increase in cost of approximately 30% or approximately $17 thousand per each ppb or unit of
reduction in contamination. A reduction in the contaminant level from 50 ppb to 5 ppb (90%
decrease) requires an increase in costs of approximately 76% or more than $60 thousand for each

ppb of contaminant reduction.

For site LF-05, analytical data from four individual monitoring wells was available. As with OT-
12, the year in which each of the wells was expected to reach a given cleanup goal was

statistically determined and an average of when all the wells would reach a given cleanup level
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was estimated. Therefore, not all the wells would reach a given goal simultaneously and the risk
associated with the average time would not necessarily be equivalent to the risk associated with
5 ppb, 50 ppb, or 100 ppb concentrations. For this site, the UCI predicts that a TCE concentration
of 100 ppb was likely to have been achieved in 1998. The range of Lifetime Excess Cancer Risk
(LECR) associated with the trendline and 95% upper confidence interval of the trendline is 7.5 —
34 individuals per one million, respectively. It is predicted that the range of LECR will be 4.1 —
18 individuals per one million, based on when the trendline reaches 50 ppb and the 95% UCI of
the trendline; and at 5 ppb the predicted LECR will range from 0.71 — 3.6 individuals per one
million exposed. The cost to reduce one LECR per million population from 100 ppb to 50 ppb is
predicted to be between $52 thousand and $244 thousand. The cost to reduce one LECR per
million population from 50 ppb to 5 ppb is predicted at between $188 thousand and $798
thousand.

CEA, OT-24, Wurtsmith AFB

At Mission St. P&T a reduction in the contaminant level from 100 ppb to 50 ppb requires an
increase in cost of approximately 36% or approximately $5 K per ppb reduction in
contamination. A reduction in the contaminant level from 50 ppb to 5 ppb (90% decrease)
requires an increase in costs of approximately 68% or more than $12 K for each ppb of

contaminant reduction.

For OT-24, the UCI predicts that a TCE concentration of 100 ppb was likely to have been
achieved in 1997. The range of Lifetime Excess Cancer Risk (LECR) associated with the
trendline and 95% upper confidence interval of the trendline is 16 — 39 individuals per one
million, respectively. It is predicted that the range of LECR will be 6 — 15 individuals per one
million, based on when the trendline reaches 50 ppb and the 95% UCI of the trendline; and at 5
ppb the predicted LECR will range from 0.59 — 1.6 individuals per one million exposed. The cost |
to reduce one LECR per million population from 100 ppb to 50 ppb is predicted to be between
$9 K and $21 K. The cost to reduce one LECR per million population from 50 ppb to 5 ppb is
predicted to be between $41 K and $101 K.

The primary means of obtaining contaminant concentrations at this site and SS-17/21/47 is at the

treatment system influent which is a combination of effluent from all the extraction wells.
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Consequently, averaging of individual well information was not required. The statistical model
used to develop the risk curves determines the years in which the site will reach the 3
contamination levels. The risk level is predicted to reach these levels sometime within the
predicted year but the model predicts only in yearly increments. Consequently, the predicted
level of risk at OT-24 and SS-17/21/47 may be slightly different than the expected risk
associated with that of 5 ppb, 50 ppb, or 100 ppb TCE.

CEA, SS-17/21/47, Wurtsmith AFB

At Arrow St. P&T the influent contamination was under 100 ppb at the time the P&T system was
installed. The cost to reduce one LECR per million population from 50 ppb to 5 ppb is predicted
to be between $375 K and $592 K. For this site, the UCI predicts that a TCE concentration of 50
ppb was likely to have been achieved in 1996. The range of Lifetime Excess Cancer Risk
(LECR) associated with the trendline and 95% upper confidence interval of the trendline is 10 —
17 individuals per one million, respectively. It is predicted that the range of LECR will be 0.32 —
1.7 individuals per one million, based on when the trendline reaches 5 ppb and the 95% UCI of
the trendline. A reduction in the contaminant level from 50 ppb to 5 ppb (90% decrease) requires

an increase in costs of approximately 54% or more than $127 K for each ppb of contaminant

reduction.

TABLE 5. COMPARISON OF COST EFFECTIVENESS ANALYSIS FOR FOUR SITES

Range of LECR/Million Cost Range to Reduce 1 Unit Cost to Reduce 1 Unit of
Site Population of LECR Risk Contamination

100 50 5 From 100t0 50 | From 50to5 | From 100to | From 50to 5

ppb ppb ppb ppb ppb 50 ppb ppb
OT-12, 15t051 | 7.1t026 | 0.7t04.6 $410K to $2.4Mto $205K $1.4M
AF Plant 44 $1.1M $7.9M
LF-05, 7.5t0 41t018 | 0.71to | $52K to $244K $188K to $17K $60K
Wright-Patterson 34 3.6 $798K
OT-24 (Mission ), 16t039 | 6to15 0.59to0 $9K to $21K $41K to $5K $12K
Wurtsmith AFB 1.6 $101K
SS-17/21/47 10to 17 0.32to NA $375K to NA $127K
(Arrow), Wurtsmith 1.7 $592K
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CONCLUSIONS

It is apparent from the data gathered and the forecast modeling performed that operating a P&T
system to remediate an aquifer contaminated with TCE is an expensive, lengthy, and ineffective
solution. It is also clear that attempting to remediate a TCE contaminated aquifer down to 5 ppb

is often impossible to accomplish within a limited time frame with only limited funds to do so.

The EPA regulated TCE in drinking water in 1989 at a level of 5 ppb based on the results of
animal bioassays. In establishing a drinking water MCL, EPA established a health goal of zero
and set the enforceable MCL at 5 ppb based on the feasibility of detection at the time. The
perceived increase in lifetime excess cancer risk involved by raising the TCE MCL from 5 to 50
or 100 ppb is justified by the millions of dollars which would be saved. By just considering the
above 4 sites the cost savings realized from raising the TCE MCL from 5 to 50 ppb would be
approximately $60 million and from 5 to 100 ppb would be approximately $72 million. At USAF
installations alone there are 61 P&T sites where TCE is a contaminant and many more exist
where remediation has not begun. If the average cost savings from the 4 sites was applied to the
61 TCE sites, an estimated $0.9 billion to $1.1 billion could be saved by raising the TCE MCL to
50 ppb or 100 ppb respectively. These are conservative figures as the four sites considered have

decreasing contaminant concentration trends and many of the remaining TCE sites do not.

As mentioned earlier, currently one in two, or 0.5 of American males will contract cancer. This
number theoretically increases to only 0.5000016 by exposure to 5 ppb TCE in drinking water
over a lifetime. The billions saved by raising the MCL could better be used in cancer research,

making our highways safer, or in a myriad of other more cost-effective uses.

RECOMMENDATIONS

To better address the problems associated with aquifers contaminated with TCE some or all of

the following steps should be taken:
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This study should be expanded to include, at a minimum, an inventory of all the DoD
P&Ts to gain better insight into the magnitude of the groundwater remediation
problem faced by this country’s military installations.

The MCL for TCE should be based on science and not policy .
Regulatory policy should differentiate between drinking and non-drinking water
aquifers.

Risk-based cleanup guidelines should be established which would define cleanup
activities based on the potential risk involved at each site.
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Appendix A

Inventory of US Air Force Installation Pump and Treat Groundwater Remediation
Systems

41




00Z vOL1 9.Lv-0vZ NSA
1e8yspeaids JVvO pue 4300 JelyD wesl 3304vY
331 uo 2002 sah soAh ovy 0.8 Buidding sy G301 usoyjexoey ‘jdeQ Zl-10 b jueid 4v
(1emniy ool 60€€-8G8/C1LY
a0e1a] Jo 30Q-2'}-suel "dio 1|
pabieua| ownidisapn) oVO pue| 0L 30a-2'L-s10 | 1ebeuepy wesboig (S# lypueT)
€102 sak sey awnd ‘ou 09 20.6 Buiddig sy S 301 S0IM XY £0-41 ¥ jueld 4v
Oisu
$S90X8 asned
Jou op S[ans|
pajels g
‘fan8| ND ou)
(lewniy X318 ‘00l 60€€-858/CLY
aoes] Jo OV | 30Q-Z'I-suey "dioD 1}
joayspealds justuulejuod | swnid }1sapn) Yeddumis| ‘02 30Q-2°)L Jabeuepy weiboid | (ease uoleinjes jany)
301 uo €102 sah Joj jou 09 0126 Iy ‘des ZWQ| -si0 ‘G 304 SM O 1-¥Sd ¥ JUBld 4V
swn|d abe) Jaddiyg
anoqe siafe| Aty Resy 00! 60€€-958/CLY
Ke|o jo doy uo ‘uoioesxg| 30Q-z'L-suen ‘'diod )
MO sanowal aseyd| 02 30Q-z'i1-sio { Jabeuepy weiboid (181 Bpig)
€102 sah sak ‘umou); jou £096 iend '3AS S 301 S0IMN 01 91-SS ¥ jueld 4v
(g Buipaadxs
wioyy J8)Inby 60£€-8S8/CLy
Juswiulejuod . Axnjed ui {9As) "dioD L
Josyspeaids 10§ jou ‘uonoe (A1epunog oVO pue| JDL sjuanaid) iabeuepy weiboid | (o7 Bunped ise3)
331 uo €102 sah uoijonpal 82inos | qddool) 0ss S0v6 Buidduig Jiy 00¥ 301 B0IM X1 ¢ 10 v ueid dv
yerX
002 VoL 912/-68. NSA
pajewnse S voa-e'L Jesuibuz
Josyspeasds |  jou ‘uonoy jaddins 235a-1'L |ejUSWUOIIAUT
301 uo wisyu sah sak 00l 80S6 Aes) mojeys S 301 s1a)em ab10a9 S0-d41 € Juejd 4v
sjuawwion dnuesjp 4Sjeon djuswiuleuo) (sos0e) jeuonesady 18d adAL (qdd) joaa7 20d (# @)S d¥i) uope|jeisu|
ETETITR Y dnues|o Buiasiyoy awmn|d jo azig wejsAg ajeq dnuesjy pue jJo aj}|| pue swieN alas
0} ajeq plemoj wajsis sjueuiweuo)

pajewysy bBuissaiboig

SwWISAG Jead ], pue dwng JV [[e Jo A10judsuf

42



000'S ¥OQ-1'L
000's 30Q-}'}
Juawnsnipe [ 000G YOL-L'L'L 6809-0v€ NSA -
1oayspea.ds Hd 'OVD| 000'S 30d Ndd
30 uo 202 soh Apnis Jepun 621 (4843 ‘Buiddyg 1y 000'00Z 30L | JejunH axIW 1deQ 10-d1 g4V plowy
000'C
apLoJYQD JAUIA
000'G 30d
adAysesnyip|  000'S ON 6809-0v€ NSA
j@syspeaids ‘juef| 0006 301 Wdd
301 uo G20c sk sak 0z 1066 Buidding Jiv| 000'c auazueg Japuny ayiw ded €0-41 a4V plowy
2.Lp€-858 NSA
WdY ddi} (paubisse # dy|
0002 sahk soA l 1066 ladinsoig 000's 10d Spieyory Al | ou) syl Bpig | gdv smaipuy
gjesado
0} aouelIes|d
Joye|nbais
Bupieme
ng ¥096
paje|dwiod 2.p€-858 NSd
uondINIIsuod NdY dul
0002 VN VYN 4 waysAs ovO 000's 10d SPJEYIIY BA8IS $0-Ld g4V Smalpuy
ovo 2.9¢-868 NSA
‘“1adding ay NWdY dul
£002 sak sak € 1096 “deg WO| 000'G 10d spieyory aAdls £1-SS g4V smaipuy
ajelado
0} @ouele’|O
Joje|nbas
Bugjreme
Ing 6096
pajejdwod Z.L¥€-898 NSA
uonoNIsu0d WNdY ddl
2202 YN YN € wayshs | saddulg sy G301 SPJEYIIY BAS)S 10-SS g4V smalpuy
sieak Auew
404 uni 0} yvev-vveiole
20Jnos | pajoadxa nq juelsISsy |esIuYyoa ]
Jajem Bupjuup | paysigerse pajesulap S 30d 3304V uslly-zo0g S3JIS |esdNSS
Si Jusnye wajsAg j0U sak umouy jou Jou Ajjusuind 20.6 Jadding iy s 301 piojxO g | woyy siind weisAs | g4y ussiepuy
sjUsWWIo) dnuesj) is|eon) Juawiuiejuod (saioe) jeuogiesodQ  1'8d odAL {qdd) jana 20d (# oS i) uonejjeisu|
aAaIyoy dnues|p Buinaiyoy awn|d jo 8zig wajsAg ajeq dnueajp pue jo 9[}IL pue saweN al s
0} ajeq piemoyt wayshs SjuBLIWEIUOD

pajewysg Buissaiboid

43




pejews3y

Buissesboiyg

Ma 0vZe-268/L12
0} 19jinbe G suazuag Jasuibug
paueao sbas | sn siouly JejuauIuOIAUTg
8046 sey) saAh soh 4 6096 ovo auljoseb auosy 16iA 0L-18 g4V sinuneyd
(swn|d swes v0€Yy-92./602
woy Buynd J38uibug
swiajshs paysiqejsa jou |ejuswuoIALg (z-nO)
9102 ou soh yioq) €61 1196 ovoO 301 Buyuue ppo} 0e-10 Hoduy apsen
apliojyD JAuIA Y0eYy-922/602
39d J9suibuz
Joayspeaids voa |ejuswiuoAug (1-no)
301 uo 6002 ou sah €61 LOv6 Buidduys sy S 301 Buiuue ppoL 620-10 podiy apsed
Sjiom
uoljoesixs aiow paysiiqejss jou 9149-0vZ NSA
paau ‘ajejdwod 1ana} ND siany Joaulbug
jsowje Apnjs ‘sjeny [2UETITINTE]
§002-¥002 sak Auqisesy ‘ou (3 5096 XO/AN pue G J0L Baip Aqoy 200-1d g4v syooig
pappe Bureq 6 30d
}99yspeaids Sjjam uonoeixa 930Q-2'i-sio /992-89€ NSQ
304 U0 umouun ou jeuonippe ‘ou £rl ZLy6 Jadding sy G 301 uewsjog Bnog €i-d41 g4V s|esg
M000'tL
ausnjoy
000°¢ 30d
000'G @uazuag
000's 30011
000's VvOQ-IL'L
Juswysnipe 000002 6809-0v¢ NSA
Hd 'Ov9 VoLV Ndd
1202 sah Apnjs Jspun 00¢ L1196 Jeddyg Vi  000'G JOL J8juny axyi 1den 2z-ss g4V plouly
M000°L auanjo
000'S DL
000002
VoL L)
000'G 30d
000'S OW
wawisnipe | 000'2 300-1°) 6809-0v¢€ NSQ
HA ‘OV9 | 000'S VOa-2'L Wdy
1202 sak Apn;s Jepun 09¢ 1196 ‘addiiS NIy | 000'G Buazuag | JejunH eI JdeD 9-dM g4Y plouwy
juawjsnipe
Hd 'OV
49dding | 000'G VOL-L'L'L 6809-0¥€ NSQ
ly “deg ¢ 30d WdY
220¢ sak Apnjs Jspun 0Z €046 JusAjog | 1001 30Q-L'L | J8juny exiy 1ded 8-dM 84V plouly
sjuswwo) dnuea|) LSieon Jiuawuiejuon (ses0p) jeuonesadg 1'9d adA) (qdd) jeaa 20d (# ans du) uonejjeisu|
andYIY dnueajp Buiraiyoy awn|d jo ezig weysAsg ajeq dnues}n pue  Jo 8|1 pue sweN alans
03 ajeq plemo) waysig sjueulweIUO0)

44




MO|S
AJaA Juawaaow

JOA0 9E} UBD
‘uspe ‘Jeu aUsYM

wsjueyoaw MO ‘sjods joy {9A8] 0} umop
uofjeipawal Ul 'OU09 JaMo| Buysijod Jo} | sjueulweUOD
|euly aq |Im | sjueuiweluod | ysnf ‘Juswuiejuod Vo 'siodea anowal 20v1-225 NSa
‘uage ‘jeu o Buynd anslyoe 10} 'X0 'Jed | ‘qOy |euy ou | uolRIOISY JO JaIYD
‘umounun | wa)shs ‘sek 0) Bulluyjou| umouyun 0.6 Jadduis ny | 3OL pue X31d SPOOAA qog S00-1S g4V spiemp3
Mo|s JBA0 3)E) UED
Aian Juawanow ‘uaye ‘jeu alaym
wsjueyosw MO 'sjods joy |9A8| 0} umop
uoljelpaulas U} "OU0D JaMO| Buiysijod Joy [ sjueUIWEUOD
jeuy aq |im | sjueurweuod | isnf ‘Juswuiejuod Vo ‘sioden anowsal L0v1-42S NSA
‘usyie ‘jeu no Buyind aAalyoe J0} 'X0 'Jed| ‘Qoy leuy ou | uoneIoIsaY JO JAIYD
‘umousjun | wiaysAs ‘sak 0} Buikiy Jou umouun €026 jaddys ny | 301 pue X319 SPOOAA qog 910-1S g4V spiemp3
Mmo[s I8N0 9)E) UED
Kian Juswanow ‘US)E ‘jeu alaym
wisiueyoaw MO ‘sjods joy |eA8] 0} umop
uonelpatual Ui "OU0D JaMo| Buiysijod 10}| SjuBUILIBIUOD
{eul aq ||\ | sjueuiweluod | Isnl ‘justuuiejuod oVo ‘sioden anowal 20v1-22S NSa
‘uaje ‘jeu yno Buyind aAs|yoe 10} 'X0 183 ‘oY leuy ou | uoyeIo}SAY JO JBIYD
‘umouyun | wasAs ‘sak 03 Buidiy Jou umouyun 1196 ‘Jadding Ky | 301 pue X314 SPOOAA gog S¥0-1S g4V Spiemp3
86Ad JO pus
Aq aoe(d u} uopoe 0669-2¢4/10S
|euy ‘yonpoud 0002 paysijqe}sa Jssulbuy
@ay Buinowas [jo  pus a8y Jeh Jjou |EJUSWIUOIIAUT (# ve0od)
fAuauno jAq  Aqissod sak sak €00 6096 Jadinjsoig X319 ‘1eny Asuoo [epuey 1Z2-NNMS g4V Jayes
Jadding
2096 diy usyy 000°0L X
umopinys ‘siy Beq 00, 3
we)shs ejeinoped | 000'L L S 9 G66G6-82¢2 NSA
2096 ‘panalyoy Z ‘lojeiedas | ‘puelS M Vd3 | uoneiojsay Jo 81yd g4dv
paje|duiod dnues|o sak L0 0156 WO X319 uapQ uaiey Ge-1S UBYJUOW Sineq
(spsepuejs
sjusIWo) dnues|) £S|eos) Jjuswiuiejuo)d (saa0e) JeuonjesadQ  1®d 8dA}L (qdd) j9na7 20d (# oS dul) uoljejjejsuy
aneIyoy dnuea|p Buiaayoy awin|d Jo azI§ WA)sAg ajeq dnues|n pue o 8jiL pue aweN ataus
0} ajeq piemo] wayshs SJUBUIWEUOD
pojewysy bBuissaiboid

[ 4 »

45




00¥'v0Z X
jonpoud a1y 0zz'0l 3
Bunoajjoo ovv'oz L G6GY-889/59. .
dwnd 9'86 9 Ndy
0002 sah sek S0 0L£6 Jawwiys v-dr Aoe)g ausjeA 80-1S gyy wossuo
panowal JUSWIUIBIUOD
Buiaq ase aney Aay) 09€5-9¥2/619
SjUBUIWEBIUOD aJe suonelpul 10)BUipi00D)
‘awily Areupwjaad |ejuswiuosAUg
J9ayspeaids Hoys e auy ‘swi} Hoys paysiqelss jou ovyg
391 uo 9102 Uo || 8seyd | e aulj uo || aseyd 009 LL16 Jaddug Jiy 301 Jawuwog qog 0£0-09 g4y abiosg
0416-/G9 NSQ
91YD VH3A 4yl
Jesyspeaids IO pue BjysQ aong
301 uo 74114 saf seh umouyun 6056 buidding sy S$301 ‘Aijeuuod e 20-d1 g4V pliyosied
00001 X
00, 3
sedduyg uty 000'L L
dsg WO S 9 bpL1-256-21€ NSQ
‘sayousl} | ‘puBIS MQ Yd3 Wdy
8086 sah sak A 0ic6 Joydsosaui ¢ 1o |eny aequspun Aue Ly-1S g4y Hopuswi3
(ainsun) oLzx
S000'} Ul 1642-2.8 NS
X319 pauiquod Jabeueyy Josloid
ov0z ou sk G0 1661 laddug ay aujjoses SWeIljiM aAalg ge-10 ga4v uib3
0g souebip
3|i1ejoA [e0)
| ®pHOIYD |AUIA orzx
| duszueg 162,-2.8 NSA
usw 8pUOID Jabeueyy 108loid
00z ou -ulejuod jeed 62’0 0661 Jadduyg 1 [ JAUIA pue TOd SWEI||IN, a3l 10-SS adv w63
MO|S JOA0 3] ued
JSEY JususAow ‘usjje ‘jeu asoym
wsiueyoawl MO .muoam oy [3A3] 0} UMOp
uoljeipaswsal ul "OU0d JBMO)| m_.._cm__on 104 sjueuiweucd
|eu)y 8q [jim | sjueuiwejuod ums.— .«cm_.cc_mucoo VO ‘sloden aAowal L0¥L-22G NSA
‘uajie ‘jeu no mc___:Q o@AsIyoe 10} X0 Jed _DON_ fedy ou uonelnsay Jo jBIyd
.:>>o:x:: Ew~m>m ‘sak [&)] m:_bu jou umouun 0.6 ,._mna_.:w diyy| 304 pue X319 SPOOAA qOog G100-a g4Y spiemp3
sjuswwo) dnues)p PXS1=115) djuswuiejuo)n (saioe) leuonjesadQ 18d odAL (qdd) jena 20d (# @S d¥I) uonejjeisug
aAdlyoy dnues|o Buirsiyosy awn|d jo 9218 wajsAg ajeq dnuea|) pue o 8jj)j1 pue awep Qi als
0} ajeq piemo] walsAs sjueulweuo)

pajewns3

Bujssesboid

46



0ol

auazuaqoIolyd
‘S
j91 uoqied ‘009
30Q-2'L-s (1 suoz)
sak sak € 'Z 8puojyg JAUIA S181-Gv6 NSA 610-41
Jeayspeaids sak sak vl XO/AN| ‘009 30Q-2'L Nd | suoz #10-41
331 uo £202 sek ou 14 11€6 ® ZOZH %0G| -suey's 391 yejs ueug Z10-41 g4v Mgy
100¢C
Aq uea(o ajenuaje jeJnjeu
|los pue 0} Japujewsal
MO ‘1086 Buysijod| ‘Auo jonpoud LE6E-GL1/G08
paAowsl uoqien| @ay Buinowsy jeIyD ddl
1onpoud a4} sah sak 8 /096 ‘Jaddiis ay p-dr SSaN UaLBAA 656-SS g4V uewojjoH
£230a-L°L
00l
30Q-Z'L -suey 1G9€-G22/108
18 002 VoL Jabeuep josfoid
900¢ 0} Apea 00} | |13} 0} Apues 00} umouyun 2096 laddis ay G 301 uieqny aimoH 9¢-10 a4V I+
auepuil OHg
-ejog ausnjol
‘apuolyo
ausjAylsn 169€-G22/108
josyspealds 30a0-2') VoL Jabeuep 108loid
301 uo €202 sahk soh yx4 €0€6 Jvo G 30d 'G 301 uiagny 8imoH 20-dM a4vY IiH
Jsyeasay} 9)9)dwoo
‘usje jeu jonpoud jou iy oV | @191dwod jou Y 2028-8L% NSa
pue ieah e papuedxs 991} 199}j00|  ‘aloe | uey) ‘uoijeny! 1o Bunesy Jaaulbug
Ul UMOpINYs sey awnid 03 Ajuewnd | ssa] paulquiod pues| z#'lendier jejuBWUOIIAUT
0} adoy auo ‘ou ‘s|ios by ‘sak sawnid 2 6066 ‘dag WO | 'seS) uoneiay |aboyadg uaqoy 12-1S g4V woosueH
Allemuane
S|ons| paseq
3su 0} Bujob
SJUBUILIEJUOD ‘paysiiqesa
Buinowsal jou sj@A’| N0 G6v-8.¥ NSA
S| wajshs Inq 321 ‘30d JEETGIE]
198yspealds paysiigeise ‘30@-2't ‘304 |ejuswiuoliaug Zl
301 uo 120¢ jou sj8A8| NJ sak umouyun ¥016 Budding iy | -1’1 'voa-LL )seg sewoyl [ -dM ‘L i-dM ‘10-1d | 94V WodsueH
sJUBLIWOD dnues|) ¢S|eos Jjuawuejuo) (saJoe) feuonesedo  1%9d adAL (qdd) j9ae 20d (# ans dul) uopje|jesu|
aAdIyoy dnues|) Buiaalyoy awin|d Jo azis wa)sAg ajeq dnuesjp pue Jo 8|)iL pue sweN aiays
0} 9jeq piemo} woelsAs SjUBUILIRILOD
pajewnysg bBuissaiboig

47




6€cy-vve/0le

JusuLiBlUOD sjonpoid (ua)|\-zoog) 16|
paysiiqejse o} Aoy umopeaiq weiboid OvHEa [ (#dYi @Aey Lupip)
jou wajsAs sk 09l L196 ledduig ny ‘G301 SqO2Er jiig S-NO M9 g4y AamoT
1onpoid
npotd 93y Ajuo
981j $J09)j02 Ajuo ‘awnid aseyd 009'lL Hdl 280.-82¢/.0¢C
® ajes dwnd mo| POAJOSSIP No BunesyH 039
Kion sey wia)shs 1186 soh soh ou ‘alnsun 1166 10)'12) pue {ond |asaig abuesg siuusg ¥0-SS g4y buuo
€614-¥.6 NSQ
umouxun alqnp pieyory pue
86 S|aAd| ND ‘Jofeuepy welboiy
40 Jowiwns sak sah L€ 0ig6 Jadduig a1y #-dr dyl ‘saiy uyor 9z-18 g4V Asibueq
000°04 duslAx
00.
auazuaqjAylg
Sllam J8jem 000°} auanjo] | 0EX 060€-9¥€/906
uogonpoid G suazusg J9suibug
}esyspeaids Paj01d adduis iy 00Z YOL1 {ejuswuolAug
3OL U0 | umowun 0} pajjejsul sk £'es 90v6 "“des WO G301 ussueH xiew 20-dd g4v JaAmeg |y
(e[o] G181-6¥6 NSd
198yspeaids | pauILIB)ap Jadduyg | suszuaqoiolyn INd € % Z duoz (G auoz)
3ol uo| usaqjou sak ou 165 €066 IY WO | 6 8uszusg uojdweH epuoyy €00-SS a4v Ailey
XO/AN
‘uonesy 00} (€ auoz)
ou ou ““dipaud | suszusqoiojyd G181-6¥6 NSO 0¥0-SS
j98yspeaids sak sak s|ejow ‘6 30d Nd € ® Z suoz 900-1S
331 uo (44214 sah sok 144 2096 "dog WO | 'S JOL 'v-dr uojdwen epuoyy 8€0-SS adv Aliey
009 304
-Z'i-sues} ‘001
8uazUsqoIolD
‘0eL
aueye0Io|yd
‘000°1L (z suoz)
sak sak [ auanjol ‘009 220-dMm
saf sak 6 30Q-2'}-s0 Gi81-G¥6 NSQ 0¥i3a
Jeayspeaids sah soA 06 XOIAN | 'Z 8ployd HAUIA INd € 8 Z duoz ¢r0-SS
301 uo £202 sak sah vivl 11€6 ® 2OZH %06 | ‘S 30d ‘G J0L uojdwey epuoyy 200-SS g4v AifeX
sjuswwWo) dnuesjp 4sjeod Juswulejuo) (sasoe) jeuonjesadQ  19d odAy {qdd) jena 20d (# 23S dyi) uoyejjeisu|
ansIyoy dnuea|d Buinaiyoy awn|d jo azig wajsAsg ajeq dnues|) pue Jo apji] pue aweN qai aus
0} ajeq plemo) wajsig sjueuiweuo)

pajewnsy bBuissaiboud

48



juaWuleIuod JuUSLILIRIUOD avO!| 064 8uanjol
} pusjxe 10} wa)sAs 9je[dwod Quopoesx3] G SpUOND
flgeqoid | ‘paystjqejss [I'™ LOOZ Ut i eseyd-omL| ausipaiy {uonoenxg
jeayspeaids aod sjeAs)| aseyd ‘| aseyd wnnoep G 30d 161X 0£80-€V9/916 | @SBUL-OM | WNNJEA
30l uo| mau'peoz| dnuesio ON|  uiAjusund ‘ou 0€2 16 ybiH g 30L ainbyed wir ybiH) 3dINH g4V uelisiQon
0’
8pLOYD HAUIA
‘200 30Q-1°}) €16€-¥86 NSd
j9ayspealds ‘0L 30Q-2° LS Way
321 uo 02 soh soh ov Zov6 ovo S 301 ajeping pineg §0-d41 g4V PiOYDON
L00¥-$9€/916
"j90yspeasds ‘doy 3304V MBIV
304 uo 000¢ sah sahk 9€ 2058 Jadduig 4y G301 |9sieyuiag |ned Zi-1dN a4V j8yien
v 8je
90,6 [eyd(iAxayiAyie
uoieayipow -2)sig 22.9-169/606
J98yspeaids uonewss washs 9 300-1'}L o34
301 uo ou sah sah 08Z't Jofew ‘z6 oL 43) 6301 wolnes uyor 1¢-sd g4V yoiepn
sleak
2 Ul Mainal
wieisAs s|ios Juby Aq 22.9-269/606
‘paysi|qe}se panaiyoe Buieq YO pue G auazuag 039
Jou sak juawuieyRe ‘ou 0z 56 Jadduis Iy $-dr woJjes uyop €e-14 g4V uoJeln
e
‘Jeu 10} Jopuowl 06 sonewoly
wuaj Buoj 0} Jadduyg | owebip sjnejoa
NO 810489 Apee Ny usy} 06 39dIN L9G2-8¢8/EL8
uMop Jnys 0) paulep iojesedag | auazuag WdY
wayj mojje |im 14 66 soh soh 12 Jou 2056 WO J0d pleyueD yew 8¢-1S g4V iIlgoew
e
‘Jeu 104 Jojuow 06 SoNewolyY
wug) buoj 0y ouebiQ ajnejon
No 8io4q Ales 06 39diN 1962-828/E18
UMop jnys o} 8 paulyap | suazuag NdX
way) mojie m 14| s g uiyum | o) Aes ooy | (18} o) Ales 00y 18h Jou 1016 Jaddg iy 10d pleyueD Mew £2-14 a4V IIlaeen
sjuawIwo) dnuesjp ésieon Jluaswiuiejuod (saioe) leuopessdQ 18d 9dAL (qdd) jaae7 20d (# eusS dul) uoije|j|eisu|
analyoy dnues|p Buiaalyoy awn|d §0 9zIg wWajsAg ajeq dnuesjn pue  jO 9[jlL pue sweN ai ens
0} ajeq plemoj weyshs sjueujweuo)

pajewyysy bBujssaibold

49




00
8U0JedY ‘00E
MIN ‘000¥ Y3aW 1661-€8. NSQ
Jaddis | ‘00001 X ‘'00Z Jaaulbu3 uonels
¢ swnid Jle ‘fusnodar| 3'00041L's9 |ejuawWIuONAUT aMBsay Jiy Ined
5002 sok sah yonpoud aay 1088 onpoid 881}  SES) UoNRINY Kejjuag suueop 20-SS ‘1S-sjjodesuuiy
S)ueulwejuod
uonesbiw Buumdeo
ajni ‘sos ale swajshs 688¢-ev. NSA
Wby Aion ‘sjes |  paysiigerse nq |9 Jabeuepy qui
dwnd mo| Aian jou| o3 Aues 00y sok Z 0196 VO § 301 EETTEDEYN L1-S71 g4V I1BUU0DoN
SJUBUIWEIU0D
uonelBiw Buunydes
ain! ‘sjios ale swayshs G88e-e¥. NSQ
Wby Aien ‘ejes | paysiqejse ing Ji9y JaBeuepy gui
dwind mo| A1an jou| 0} Apes 00} sah ol 1026 Jaddiyg ay G301 Saw} UISA €0-SS g4V l[leuuodop
JUSWILIEJUOD JUSLIUIBJUOD 05} susnjol
) pusixe 10} Wayshs ajejdwod G 8puolD
Algeqoid | ‘paysiiqerse 1M 1002 Ul §jI sualAylapy
J9ayspeaids aoyd S|ons| | sseud ‘| sseyd ovol G 30d 1G1X 0€80-€¥9/916| (ueld Jusuyealf
3OLuo| mau'pgoz| dnuespon|  w Ajuaund ‘ou 06€ 60.8 ® XO/AN g 301 ainbiieg wip | 19jempunoi9) d19 | g4v uelei9on
JusLiuIeued juswuieyuoo 0G1 suanjoj
1l puaixa 10} weyshs aja)dwoo G 9puojyd
Algeqord | ‘paysige;se 1™ 100z Ul |l ledduig iy | susjAyisy
aoy S|oAs|| aseyd ‘| aseyd : ‘uonoelxg G 30d 1G1X 0€80-€+9/916 (uonoeix3
Meu ‘pegz | dnuesio oN|  w Apuesnd ‘ou €81 2026 aseyd |eng g 301 ainibied wir | oseyd (end) 34a | g4V UE|IDI0IN
JuaWUIBU0D JUSWUIRUOD 0G1 auanjo]
}JI puaxa 10} waysAs 9)9)dwod S 8puolyn
Algeqoud | ‘paysiiqeise 1M 1002 Ut [l ausjAylepy .
aoy Sjon9| |  eseyd ‘| eseyd § 30d 1G1X 0€80-€¥9/916
Mou 'pe0z | dnuespp oN|  ul Ajuauno ‘ou €81 96 ovo G 301 aniblien wip 129 ‘Bpig g4V Ue|j8|QoW
Juswiuieu02 juswiuteyuod 0§l 8uanjoj
) pudixe 10} Wayshs aje|dwoo G 8puolyo
Algeqoid | ‘paysiiqeise 1M LO0Z Ul ausjAyiay
aoyd S|ane| |  aseyd ‘| aseyd ¢ 30d LSIX 0€80-€¥9/916
mau 'peoz|  dnuespp oN|  ui Ajueuno ‘ou €81 96 Jvo S 301 anibyen wir ¥ ‘Bpig g4V Ue||8|Qon
JuaLwulejLod JuaWiLiRuOD 0G| auanjot
)l pusixa 10} WaysAs 9)9|dwoo G apuolyn
Algeqoud | ‘paysiiqejss Him 1002 Ui (I} ausjAyte
aou sjons)| aseyd ‘) aseyd ¢ 30d 1S1X 0€80-€49/916
mau 'pe0Z| dnuesio oN|  ul Ajusund ‘ou €8l 96 Vo G 301 ainiben wir gee Bpig g4V Ue||9|Qo
sUBWWOY dnueas|) éSjeon Jluawutejuon (seuioe) |euopesedQ  1%9d odA} (qdd) jeaen 20d (# 21 d¥l) uojjejjejsu|
QAdIYIY dnueajn Bulreiyoy awin|d jo 821§ wa)jsAg ajeq dnuesjy pue  jo a|)) pue sweN alas
0} ajeq plemo} wayshg sjueUIWIEIUOD

pajewnsy

Buyssaibouiy

50



S 301

uonepIxXQ 'spIS 1225-0¥C NSA
jeayspeaids onfielen | dnuesid MO HN | JOIYD weat 3304V
301 uo 0102 sak sahk Gzl 0156 Jedduyg sy 301 10d sewoy] uney | (g aug) z-viad gdv @sead
60.6 dnyejs 9 .G-9G/80G
Jesyspeaids 0) WwajsAs TEN 108}8Q-UoN Buuasuibug sqooep
3oL uo Jayjoue | o} Aea oo} | |19} 0 Alies oo} 0€-02 8026 ovo 301 uapog Wit S-as ONV SO
pausejqo aq wiay) ysed
ued dnuesd pue Mmojaq
210499 pajesbiw way;j ysed pue UOIjBIUBIU0D
payipow | 301 ‘ybnous! mojaq pajelbiw punoibxoeq
aq ishw dasp 391 ‘ubnous Apjuaund
wajshs jjam pausalos| daap pausaids ‘Bunenjobau s O¥.6-¥95/80G
Josyspeaids uogoelxa 10U S{|am J0U Sjjlam 301-2'2'1't | Buuesubul sqooer
3QLUO|  ‘umoujun | UOJOEBIX® 'OU|  UOBOEJXS ‘ou 5y 01€6 ov9 ‘308 '30L uspiog Wil -89 ONV SHO
Juswieas
ou ‘Jamas
Asejiues ol
pauluLsiep aoy ou padwnd pue| g apuojyD JAUIA
jou ‘uoioe | ‘pauluillep psuluualep pajoesxe 02 304 129.-¥62/20%
wya jou sjeob 1A Jou LL-GL 1196 MO 06 301 Asquanp aneg Zi-d41 g4v 3o
Siy) awnid swes
poaoXa |[IM Jusjxa jo ains uo Buppiom ¥906-28€/606
9ayspeaids| INqsIAGL j0u ‘pabsejue swa)sAs 1sauibul plai4 (Lvd 89)
394 uo| -0} Ajjeuibuo sak sey awn|d ‘ou yioq 'v06 £056 Jadduis Iy S 301 ypmbung Aieg 160-99 g4V UOHON
si®d
2 pue awnid siy} awn|d swes
| SBY UOUON | Pasoxa [im JUBIXd JO aINS uo Buppiom fo) 2] ¥905-28€/606
‘Jesyspealds ngsihg| Jou ‘pabiejua Swa)sAs oseyd pinby Jeaulbug pjai4 (1vd v82)
3901 uo| -0i Aeubuo sak sey awnd 'ou uioq 'v06 10£6 Jadduyg iy G301 yumbunr Aeg 160-92 g4V UOLON
saloe 00l
’® GZ ‘sawnd psuiwlelep €019-289 NSA
sik 2 Bupjiom 184 jou uoneiojsay jo
0Z uey;} ssg sak sah wayshs 1166 Jadduig 4ty g-dr ‘v-dr 914D “oupad wip 1218 g4V SlIeN
apuojy9 JAUA 6119-8€2/€08
199yspeaids 30G-2't o3g ga4v
301 uo $002 sah soh 0s #0566 Buibiedg iy S 304 B2N0S pleyoiy 64-0S yoeag a|HAN
sjuawiwo) dnues|d S|eos Jjuawujejuon (sesoe) leuopesadg  1'8d adAL (qdd) j9aa 20d (# @3S dul) uone|eisu|
aAslyoY dnueaj|) Bujas|yoy auinid Jo azis welsAg ajeq dnueajy pue  jo 8jjI| pue aweN aiaaNs
0} ajeqg piemo] waysAs sjueu|weuod
pojewysy bBujssasboud

51




86 Jawwns
9)9;dwoo spouw

G apuojyoens L

0205-8¢€8 NSA

juswadsueyus VO uogien JabBeuepy 109loiy
€202 sah ‘ou Aguaund 0L¥') 6056 ‘sodding Jy 2301 SSIION SUYD 20-SS g4V 8sasdy
Japuiewsls
JO ajewnse lojeliedeg
ou ‘sieak Jonpoud IS0 | pauluB)ep jou ¥6Ly-¥ev NSQ
Z uileaowsl] paysiigelse youay 23y aloe 0} uay) ‘uonjoy wisu| Wdy
yonpoud a8y Jousieob| Aionooal e sah| g ‘jeseno g /g €6 Buidinisoig v-dr pag gog 10-SS g4V adod
paysiigeisa
jou j2A3| ND
sjonpoud 1282-€95/815
|eob e umopyealq J9au1bug
paysiiqelse JOU JuaWuUIe}UoD Jayio ‘39a ‘3oL [BJUSWIUOIIALT
jou ou ‘Apnis Ajngejeasn 0L-g 1046 Jaddins My | ‘M3 ‘sucieoy lexeg Apeig 910-SS 84y fingspeid
Sik 0L
-G IAS B uo 20.6
NS 3 Buuanociq| neipawsaloiq| auoz ssopea auoz papuedxa OrOb-v6-4MH
0} suoz asopeA| Aqg dnues|o ssodxa| asopea asodxs Apeasb VO u) paysiqnd
asodxa 0} a|qe) auoz] 0} 9|ge} MO 0} 9|ge} AN sem wa)shs ‘uonen|y S}UBUILIBILOD
Jeyempunolb| ssopena ‘sif | 4o uoissaidap 40 uolssaidap linun yueid pues 10S D3ASAN 1.82-€95/815
ssaidap | ¢-z 9191dwod % Aanodal 2 A1anodal joud jlews e “laddiyg 391 Auewnd 198u16u]
0} SI Wa)sAs fisnooa1| jonpoud ooy 1onpoid aay se pejesado | 4y ‘Buidwind 'SJUBAI0S [EJUSWILOIIAUT
Siy} o 8sodind | jonpoid 8y | 105 sI asodind Joy s| esodind (1] '€0E6 aseyd |enQg pue sjeny jof Jayegq Apeig 200-14 a4v bingsiield
1429-0vC NSA
1] #BIYQ wes | 3304V
umouun 0} Aes 00y | |18} 0} Alie® 00} 7] 1046 ovo G301 SBWOY] UIAY ¢ auoz g4V asead
S 301
3JAS 10} 8|ge) uonepixp ‘spIS 1225-0¥2 NSQ
MO iamo| onfleje) | dnuesio MO HN | 8140 wes ) 3304V
umouun 0} si asodind sak 20 6096 ‘radding ay 301 “10d SBLoy | uIAS) 18 A g4y oseed
Ul SMOJ} JajEM
ues|o pue a|qe}
Joyem sassaidap
wa)sAs
‘) punoJe
sbuyjd j98ys
8A0IP 'Ho0Ipaq
8jis sy} 1oy painioey) si 1/25-0¥2 NSA
paysiigejss 9jis ']ansj NO ou | JaIyD wiea | 3304V
umouxun 13A9) NJ ou sahk P0 €046 ovo 301 SEWIoY] uiAsy A g4V asead
sjudaWIIO) dnuesi) .S|eos Jjuswuieuo) (seaoe) Jeuojjesad  1'9d @dAL {qdd) jeaen 20d (# aus duil) uopejeisy|
aAaIyody dnuea|p Buiasiyoy awn|d jo az)§ wajsAg ajeq dnues|y pue o apjlL pue sweN al as
0} ajeq pJemo] waysAg sjueujwejuon

Pajewnsy

Buissaiboayd

52



aseq Ho pajelbiw
sey awnid

jo ped ‘paubisap 6304 yeX
joayspealds uojjeullyss SeM Ji YoIym 10} sjuey G 30d 1022-284 NSd a4dv
391 uo ou sak eale Buiuigyuod €z 9026 Buibiedg ity S 30L 3JIopA uyor G0-41 uosiaped ybum
"SjUaWIWOD
Joyejnbal
Buimalnai
Ajusuno sle Asy)
pue "uaye ‘jeu
Ag uoyelpawal
0} aaibe jou op
sioje|nbay ‘uape
‘Jeu 10} pajenjeas
pue 0|66 30 000'641 X
pauiny ‘wajsAs ooL'e3 1261-942 NSd
JusAolg 10} 000'€9 L Wb
jlos Buiajemap 000'6Z 9 |ejuswiuoIAuUg adv
104 pasn VN ou ou € 11€6 VO X318 “10d IyoneweA oef | ®US dHi Biaquapuep
yoes 0} G
66 Ul youay 8puoIYo 8¥29-8v¥ NSA ZL-18
Jojdeolsjul pue pauyap auaflyian jeIyD | wouy osje Ajlenjusaa
ns) s||am uonoeixa | j@hjou Z1-1S pue 301 2i-1S ddi 03 JueisIssy | ‘20-§s woyy Buidwnd
002 0} Aea 00} alow ‘ou 08 L0-SS 1046 XO/IM 30L L0-SS nejzeH eyuoa |  Apusuno weyskg g4V 8JUEe)
panowal :
Buiaq
SJUBUILUBIUOD wa)sAs [013u0d 6£2€-2£8 NSO
Josyspeaids g o} pesibe|{ aoinospods joy Jeauibug "aug
3oL uo 920¢ 194 Jou sjeoh | e se papusyui ‘ou 0L 2096 XO/AN ‘QVD G301 Apueg yew 910-SS a4V SiAesL
g
8Ua2U8qOLIOIYD
§ vog-e't 860¢-¥88 NSA
1eayspeaids ovopue| § 30Q-Z't Jeauibu3z Jsfoid (1o0¢ ‘6pig)
301 uo 44014 sak soh 0zz 90v6 buiddujg iy G 301 J9jyang yyayl 10-10 g4V JaxulL
|aAs] ND peseq
pajen|eas Jadinisoig e | Msu e ysiiqeise 1069-9€./616
aq uay) sik Buiyejsul sue 0} Buppom 19beuUEl
G Joj 8jesado pue Jawwiys | a1e aje}s '@ eseg |lesuyoa . Bunoy €4V uosuyor
2002 M waysAs ET Z 1126 e Ajuauno p-dr 19123q baun $0-SS nowAag
0205-8€8 NSO
IO 1abeuepy 108lo.d
£202 soh sak 141 6056 ‘teddus Iy S 301 SSUOWN SlIYD €0-41 g4y 9sady
sjuawWwWo) dnues|) ¢S|eon Jjuswutejuod (saasoe) jeuonesado  1'8d adAL (qdd) joaen 20d (# °us dul) uoyejjejsu|
AN3IYOY dnues|) Buirsiyoy auinid jo azig walsAs ajeq dnues|y pue  jo 9|}l pue sweN al aus
0} ajeq piemo| waysAs SjuBUIWEBIUOD
pajewnsy Buissasboid

53




54

L91G-6€L/LLS
10jeuIpIo0D
dnyoeq {BJUBWIUOHAUT
jo8yspeaids SB JVO ovyg (392118 Molly)
3oL uo (4114 sak sak 514 0108 addis 1y 6301 smoyay Ined Ly/12/L)L-SS g4V Ylwsunp
L9LG-6€L/LLS
swajshs Jayjo J0oJeulploo)
Aq pajnd Bulag {ejusWUOIIAUT
Joayspeaids awn|d jo uoipod ovd (aAuq uoissiy)
301 uo 902 584 uayjnos ‘ou 601 5088 Jaddiyg Jiy S 301 Iismonay jned 210 g4Y YIwsunpp
191G-6€L/L1G
10}BUIPI00D
jejuawuosAUTg
ovda (yue|d suazuag)
002 sak saA 14 1026 Jaddus sy G suazusg IYSMoNaY Ined 90-SS g4V YIWSUNA
sjusawWwwon dnues|p ¢Sieos Jiuawuiejuo) {saioe) jeuojesado  19d 9dAL (qdd) jenen 20d (# as dyl) uonejjejsuy
anayoy dnues|) Buireiyoy awmn|d jo azig wajsAg ajeq dnuesajg pue }o 3|jIL pue sweN ai aus
0} ajeqg plemo] wajsis sjueujwejuo)d
pajewysg Buissesboiy



Appendix B

USAF TCE Contaminated Groundwater Sites Having P&T Systems with Historical
Significance
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Appendix C

Observed and Predicted TCE Concentrations at 4 USAF P&T Sites
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