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Executive Summary

This policy brief conducts an informal analysis of the costs and
benefits of a particular approach to regulating coal ash storage: a
new requirement to store the ash from coal combustion in dry,
covered, synthetic-lined facilities. Currently there are few
regulations on how coal ash should be stored; as a result, it is often
stored in unlined pits, or together with the liquid by-products of
combustion, or in various other ways that carry high levels of
environmental risk. New regulations for storage would significantly
reduce the probability of containment failures like the one that
occurred on December 22, 2008 in Harriman, Tennessee. That
recent spill poured coal ash into a nearby river and covered over 300
acres in slurry. Clean-up will cost hundreds of millions of dollars,
and local residents will face untold environmental and health
hazards for years to come.

The primary finding of this brief is that, under any reasonable
assumptions, regulations to require safer storage of coal ash waste
will likely produce far more benefits than costs. Further, the
regulations will save tens or even hundreds of millions of dollars per
facility. When total benefits are calculated for the several hundred
facilities that operate nationwide, stricter regulations to control coal
ash storage are likely to generate net benefits of billions of dollars.

That rough calculation of net benefits includes only the most easily
quantifiable figures. If non-quantified benefits—such as the reduced
risk to natural resources and avoided litigation costs—are also
considered, the case for regulation becomes even stronger. Once all
the costs and benefits of stronger coal ash regulation are taken into



account, there is little excuse for the government inaction that led to
the recent disaster in Tennessee. It is within EPA’s power to
promulgate regulations that could prevent future catastrophic spills,
as well as curb the numerous smaller but persistent toxic leaks that
go virtually unchecked today—the agency should move quickly to
take such action.



Introduction

On the night of December 22, 2008, Janice and Perry James were
upstairs in their home near Harriman, Tennessee, when Janice heard
a strange noise and came downstairs. What she saw on the first floor
was a murky, dark substance creeping under the door and filling her
living room and sunroom.!

Earlier that evening, the earthen containment wall of a local landfill
had collapsed, releasing 1.2 billion gallons of toxic sludge that the
nearby Kingston Fossil electric plant had haphazardly stored there
over many years. The by-products of coal combustion mixed with
water to create a poisonous, gray muck that inundated the Emory
River and oozed over 300 acres of nearby land. Unfortunately, the
James’ home—and forty others—was within the impacted area.

When coal is burned it generates heat and ash. The heat is used to
make electricity; the ash is disposed of by the power plant. There
are two primary sources of coal ash: small particles of ash that
escape the boiler and are cleaned from the smoke stack are called
“fly ash”; and ash that is pulled from the bottom of the furnace is
called “bottom ash.” The vast majority of ash (85%-95%) generated
by power plants is fly ash.2 The ash contains trace amounts of heavy
metals, carcinogens, and other chemicals known to be hazardous to
human health.3

In the past, that ash had been released directly into the air through a
power plant’s smokestacks, but environmental laws now require
coal-fired power plants to capture the ash before it enters the air and
find new ways to dispose of it. Coal ash is typically disposed of in



onsite landfills, but it can also be recycled as a component of cement,
among other uses. Coal ash can be stored either dry in landfills or
mixed with water to form lagoons (like the one that burst at the
Kingston plant). Mixing ash with water reduces the risk of blown
ash contaminating far away sites, but it is more difficult to store and
more likely to seep into the ground and contaminate ground water
sources. Many of the plants that produce coal ash were built in the
1950s and 1960s, but the storage of coal ash in large quantities is a
relatively new concern brought on by stricter environmental
regulations that force plants to collect it rather than release it into
the air.

Each year, the Kingston Fossil Plant and the Tennessee Valley
Authority’s* ten other coal-fired power plants produce almost six
million tons of the coal ash that destroyed the James’ home. The
standard operating procedure for TVA as well as other coal-fired
power plant operators around the country is to store the waste in
reservoirs and landfills.> Often inadequately lined and in some cases
unlined, these storage facilities present a constant risk of exposing
neighbors to toxic chemicals that can poison the air and seep into
drinking water. In the worst cases, these improperly-contained
storage facilities fail, causing tremendous damage to their
surroundings (as the James family knows too well) and inflicting
serious health risks on those who live nearby.

Months after the Kingston Fossil Plant spill, health risks still plague
the area due to the cocktail of dangerous substances found in coal
ash: arsenic, cadmium, chromium, and lead among them.¢ The
Emory River is being dredged, but there is deep, ongoing concern
over the persistent concentrations of arsenic, lead, and heavy metals
in the drinking water.”

There are respiratory threats in addition to waterborne hazards
from the spill. One local newspaper reported that the ash “dries
easily and blows around,” creating an exposure pathway “wherever
[the ash] is carried by the wind.”® This has led to positive
environmental test results for heavy metals and increased
respiratory problem for some of the locals,® forcing many away from



their homes to avoid the remnants of the spill.1® While teams
continue to work day and night to clean up the waste, the project is
far from complete. Estimates for the total clean-up costs hover
around $975 million.11

Though the Kingston disaster is the biggest coal ash accident in
recent years, it is certainly not the first. In 2005, a reservoir in
Northampton County, Pennsylvania released about 100 million
gallons of sludge into the Delaware River,12 which cost
approximately $37 million to clean.13 Nor was the Kingston disaster
the last coal ash accident. There were two additional coal ash spills
within three weeks of the December 22,2008 event in Tennessee:
on January 3, 2009, another leak at the Kingston Fossil Plant
deposited coal ash into the Ocoee River;4 and on January 9, 2009,
ten thousand gallons of sludge spilled into the Tennessee River and
Widows Creek from TVA facilities in northeast Alabama.1s

Just a few months later, in early March 2009, a coal ash pipeline that
runs from a power plant at a paper mill in Maryland to storage
reservoirs near the Potomac River developed a hole: more than
4,000 gallons of toxic coal combustion waste eventually leaked from
that hole into the river.1¢ This partial list of recent accidents clearly
demonstrates that poorly-designed, under-regulated coal ash
storage facilities are a source of recurring danger to the environment
and public health.

The Kingston spill drew the nation’s attention to coal ash storage
facilities and ignited calls for stronger regulation. This policy brief
attempts to further that discussion by weighing some of the costs
and benefits of imposing new rules. Though admittedly incomplete
due to data limitations described below, this study takes a crucial
step forward in arguing for stricter regulations. Even based on
partial data, this preliminary cost-benefit analysis still demonstrates
that the price of regulating coal ash would be dwarfed by the
benefits—and a complete dataset would almost surely prove this
conclusion even more strongly. As with most cost-benefit analyses,
calculating the costs of the potential regulation is much more



straightforward than calculating the benefits. Numerous benefits
remain unquantified in this study due to the difficulty in finding
sufficient data to estimate certain figures, like the value of protecting
natural resources.

Environmental groups have proposed many types of regulation for
coal ash disposal, including rules regarding permitting, siting, design,
water sampling, monitoring, clean up, and recycling. There have also
been calls for the ban of any wet storage or disposal. While many
potential rules might pass a cost-benefit analysis, due to data
limitations, this analysis will focus only on a hypothetical
requirement for dry storage in synthetic-lined facilities. This policy
brief will outline the costs and benefits of such a regulation. Some of
the costs and benefits must be left unquantified due to insufficient
data; therefore, this brief will also suggest what types of data are
needed to provide a more complete picture of the costs and benefits
of stricter coal ash storage rules.



Data Sources and Shortcomings

The historic lack of attention to the storage of coal combustion waste
has led to a relative paucity of data concerning the costs and benefits
of requiring facilities to be covered, synthetic-lined, and dry. The
available data is sufficient to estimate costs and benefits to within
roughly an order of magnitude, but more precise estimates will
require significantly more data. There are two primary data sources
for this study: the “Human and Ecological Risk Assessment of Coal
Combustion Wastes,” published in draft form by EPA;17 and a
memorandum prepared by MACTEC Engineering and Consulting
detailing the cost estimates for upgrades to the Kingston Fossil
Plant’s coal ash storage facility.18

In 2003, in response to a leak from the Kingston storage facility, TVA
commissioned a study exploring the costs of upgrading the coal ash
waste storage facility. The costs and engineering concerns regarding
the upgrade options were summarized in the memorandum from
MACTEC to TVA, mentioned above. Among the options considered
were installing a synthetic liner ($5 million), a vibrated beam slurry
wall to prevent seepage ($3.3 million), a buffer dike ($2.7 million),
and a full, dry “fly ash” collection system ($25 million).19 TVA chose
instead to install drains to reduce the water pressure and put off
more extensive upgrades due to cost. These estimates are the only
source of cost data for this analysis. The assumptions used to
extrapolate from this single cost estimate to other facilities are
described in the following section.

The estimated benefits of the regulation considered here are the
reduced probability of catastrophic failure of storage facilities and



the reduced exposure to chemicals leaching from the facility. Data
on the reduced probability of failure is unfortunately nonexistent.
This brief estimates the probability of catastrophic failure using the
observed failure of the Kingston storage facility. The cost of
catastrophic failure is taken from TVA'’s estimates of cleaning up the
coal ash spilled in December 2008.20 Those estimates range from
$525 million to nearly a billion dollars, and do not include litigation
costs, fines, or penalties associated with the spill.2! These clean-up
estimates serve as a baseline, but the full costs of the clean-up may
not be known for some time. As the costs of this spill become clearer
over time, the results of this analysis can be adjusted to take into
account true (as opposed to estimated) costs.

The other major category of benefits to be estimated in this study is
areduction in exposure to toxic chemicals leaking from the storage
facility. Facilities with synthetic liners leach significantly fewer
chemicals into the surrounding soil—and, thus, into the water
table—than the more common unlined or clay-lined facilities. The
reduction in chemical exposure is likely to impact humans through
air, water, and ecological channels. Due to data availability, this
study only considers exposure through drinking water and fish
consumption. The benefits from reduced chemical exposure
estimated below thus represent a minimum estimate, with the actual
benefit potentially much higher.

The Research Triangle Institute conducted a study of the chemical
exposure to humans and animals from a sample of coal ash waste
storage facilities. The results were published as an EPA Draft
Assessment entitled “Human and Ecological Risk Assessment of Coal
Combustion Wastes.” The results were published only in draft form
and no official report was produced, but the draft publication has
considerable information on a select group of facilities, including
their location, size, and liner type. The report also includes an
analysis of the chemicals that constitute coal ash waste, the rates of
chemical leaching for different types of liners, and waste types. The
assessment uses a landfill model, a surface impoundment model, a
groundwater model, a surface water model, and a human exposure
model tied together with a toxicity estimate to generate a risk



estimate for human exposure to chemicals that leach from the
sample surface impoundments. Using Monte Carlo techniques, the
assessment then calculates the 50th and 90t percentile exposure
levels through drinking water and fish consumption pathways. The
results are reported for different types of waste-type and facility-
liner combinations. The levels of chemical exposure are then
weighted by the number of people who live near the storage facility.
This data comes from the Statistical Abstract of the United States,
which records population levels and density by county.

Most of the data used in this analysis comes from the Research
Triangle Institute report, but critics of EPA’s failure to regulate coal
ash storage have argued that many facilities are not included in this
list. The results of this analysis can be generalized to other facilities
in a straightforward manner. EPA’s draft assessment included data
on 243 facilities in 37 states widely distributed around the country;
those facilities are summarized by size and liner type below. A New
York Times report found that there were more than 1300 facilities
nationwide,?2? suggesting a sample rate of less than 20 percent. This
analysis will calculate costs and benefits at the facility level and then
aggregate up to various groupings of interest. Including additional
facilities will have no impact on the overall results as long as EPA’s
sample of facilities is representative, but that information may useful
in understanding the geographic distribution of costs and benefits.

Table: Summary of Facilities Included in EPA’s Draft

Liner Type Number | Average Area (acres) | Average Capacity (gals.)
None 149 137.0 6,548,369
Clay 67 156.3 6,219,487
Synthetic 27 92.5 10,767,186

The benefits from reduced chemical exposure are calculated on a per
capita basis using the reduction in chemical exposure described in
EPA’s draft assessment together with labor market surveys and
willingness-to-pay data from the economic valuation literature.
Again, sparse data makes exact estimates difficult. The benefits of
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reduced arsenic exposure are calculated from the costs of treating
bladder cancer and the cancer risk data included in the assessment.
This serves as a very conservative estimate of the benefits of reduced
exposure, but more comprehensive willingness-to-pay estimates are
somewhat controversial. Other chemicals that leach from coal ash
waste storage facilities include antimony, boron, cadmium, cobalt,
molybdenum, selenium, and thallium. These chemicals are relatively
rare—as are cases of human exposure to them—making specific cost
estimates for many of these chemicals difficult to find. Broader
estimates of the willingness-to-pay to avoid exposure to heavy
metals are therefore used to calculate benefits. The sensitivity of the
benefit calculations to these generalizations is explored in the
benefits section of this policy brief.

Due to the lack of data on either the costs of complying with new
regulatory standards or the probability of leaks and catastrophic
failures, performing a cost-benefit analysis requires making
numerous assumptions. Among the findings of this policy brief are
these data shortcomings and suggestions for improving data
availability that will allow a more complete cost-benefit analysis to
be conducted. EPA’s draft assessment only includes around 20% of
the nation’s coal ash waste storage facilities. EPA’s data from the
Toxic Release Inventory can be used to identify other coal-fired
power plants, but the location, size, waste type, and liner types of
those plants’ facilities is not known. A detailed listing of all the
facilities in the country is an important first step in understanding
the impacts of regulation.

Policy-makers should also consider investing resources in the
engineering surveys necessary to estimate the cost of compliance
with the potential new regulations. Coal-fired power plants are
likely conducting such studies now in anticipation of additional
rules. Making those studies available to researchers should help add
certainty to this type of analysis. Similar engineering studies would
likely also be useful in carefully calculating the probability of leaks
and catastrophic failures, which would help researchers to quantify
the benefits of potential regulatory options.

11



Costs of Compliance

The costs of compliance with the regulation considered here are
calculated from an estimate of the cost of upgrading the ash storage
facility at the Kingston Fossil Plant. The costs are outlined in a 2003
memorandum prepared by MACTECH, the provider TVA’s
“geotechnical engineering support for the ash disposal studies.” The
memorandum outlines four possible upgrades to the existing ash
storage facility and estimates their cost (original figures have been
adjusted to reflect today’s price levels, using the Bureau of Labor
Statistics Consumer Price Index). The proposals are a vibrating
beam slurry wall ($3.7 million), a buffer dike ($3.0 million), a
synthetic liner ($5.7 million), and a dry fly ash collection system and
liner ($28.1 million). TVA chose a drainage system due to its low
cost. The work was completed in 2005, and three years later the
dike burst and spilled over a billion gallons of coal ash waste into the
surrounding area.

MACTECH’s cost estimate for the most comprehensive upgrade
options included a drainage system, a 60-millimeter-thick High
Density Polyurethane (HDPE) synthetic liner, a protective cover, and
a dry ash collection system. This cost estimate describes a project
that is broadly consistent with the hypothetical regulatory standards
analyzed in this brief, so the estimate of $28.1 million will be used as
a baseline cost estimate for compliance with the regulation
considered here.

Unfortunately, MACTECH’s memorandum does not include enough
information to distinguish how the costs of complying with the
regulation would vary with facility size. The Kingston Fossil Plant is
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listed as having two storage facilities: one thatis 41 acres in size
with a storage capacity of 11,000,000 cubic yard, and another that is
275 acres with a capacity of 8,900,000 cubic yards. According to
media reports, it was the 41-acre pond that failed and released 5.4
million cubic yards of material (around half of its reported storage
capacity).

This analysis assumes that MACTECH’s cost estimates were for both
facilities, which together have a total size of 316 acres and
19,900,000 cubic yards of storage capacity. The cost for each of the
243 facilities described in the EPA’s draft assessment can then be
estimated using a linear cost function:

Total Cost = Fixed Cost + (Size Adjustment) * Variable Cost

The size adjustment is simply the size of a given plant divided by the

combined size of the two Kingston Fossil Plant’s storage facilities.
The fixed costs are those portions of the cost estimate that do not

vary by facility size, and the variable costs are those that are

sensitive to the size of the facility.

The table below describes the distribution of cost estimates for
different assumptions on the breakdown between fixed and variable

costs.

Table: Distribution of Facility-Level Costs

Fixed Costs 0% 25% 50% 75% 100%
Variable Costs 100% 75% 50% 25% 0%
Average Cost $6.7 $11.3 $15.9 $20.4 $25.0
Median Cost $2.5 $8.9 $15.3 $21.7 $28.1
25th Percentile $0.1 $7-1 $14-1 $21-1 $28-1
75th Percentile $9.2 $13.9 $18.6 $23.4 $28.1
Min $0.0 $0.0 $0.0 $0.0 $0.0
Max $77.7 $65.3 $52.9 $40.5 $28.1
Total $1,635.6 | $2,744.1 | $3,852.6 | $4,961.1 | $6,069.6

Note: Figures in millions of dollars
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The combined capacity of the two Kingston facilities is around three
times larger than the average facility in the dataset. If the cost
estimate reflected in the MACTECH memorandum is entirely
variable costs (that is, all the costs of building a facility that comply
with the regulation are sensitive to the size of that facility), the
average cost of compliance will be $6.7 million. The second scenario
presented in the table reflects the more realistic assumption that at
least some (for example, 25%) of the $28.1 million cost estimate will
consist of fixed costs. Under that scenario, the average cost estimate
would be $11.3 million and the median estimate would be just under
$9 million. The difference between the mean and median estimates
suggests that there are a small number of relatively large facilities
that will face higher costs.

The next two columns in the table illustrate the impact of changing
the assumption about the breakdown between fixed and variable
costs. As the portion of the total cost that represents fixed costs
increases, the cost distribution across facilities becomes narrower.
Under the previous scenario, the Kingston facility’s large size placed
it on the high end of a wide range of possible cost estimates, with the
average cost estimate falling well below the Kingston-specific
estimate. But under either of these two alternatives, smaller
facilities do not save as much on the expenses of compliance, and as
aresult the average cost estimate changes significantly: facilities
that are larger see a decrease in estimated cost, and those that are
smaller see an increase. The final column represents estimates if all
the costs of compliance are fixed costs. That would imply that each
facility’s cost would be equal to the cost estimate for the Kingston
Fossil Plant facility. In every case the minimum cost is $0 because
several facilities already comply with the proposed standards for
storage.

For the three most realistic scenarios, where there are both some
variable and some fixed costs, the median total cost estimate ranges
between $8.9 million and $21.7 million. Developing even that broad
range requires assuming a linear cost function and assuming fixed
costs account for between 25%-75% of the total.23 Narrowing that
range further would require speculative assumptions on how costs

14



vary with facility size. If other cost estimates for similar projects
exist for facilities in the dataset, they can be used to develop a more
sophisticated cost function, which would be useful in narrowing the
range of compliance costs estimated above.
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Benefits

Two main classes of benefits from adopting the hypothetical new
regulation are considered here. The first is the reduced probability
of catastrophic leaks of coal ash waste. The second is the reduced
exposure to toxic chemicals for people who either live near storage
facilities or eat fish taken from waters near storage facilities. These
are only two of many possible benefits, but data limitations make
calculating precise values for those other benefits difficult or
impossible. Unquantified benefits are described in more detail
below.

The failure of the facility at the Kingston Fossil Plant highlighted the
massive costs of cleaning up spills from coal ash storage units, but
there are frequent media reports of smaller leaks. Recent incidents
include another small spill from the Kingston Fossil Plant, the release
0f 10,000 gallons of gypsum from an ash treatment facility at TVA’s
Widows Creek unit, and a spill into the Potomac from a small coal-
fired power plant that provided electricity for a paper mill. Cost
estimates of the clean-ups are not available for these other leaks, but
overall leaks—and therefore associated clean-up costs—are likely to
be less frequent and smaller under stricter regulation.

The reduction in probability of catastrophic failure is calculated from
the one observed failure in the dataset of 243 facilities. This requires
a series of assumptions regarding the standard life of a storage unit
and how the one observed failure relates to the underlying
probability of a catastrophe. The EPA’s draft assessment assumes a
median 75-year life for storage entities.2* However, because there
are only plans to retire a few facilities (a process that would include
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removing existing waste and storing it at new facilities),25 it is
difficult to estimate the true number of years that storage facilities
will remain active. Given that one major catastrophe has occurred at
an unlined storage facility, this analysis can safely assume that the
probability of failure must be at least 1 in 149 (the number of
unlined facilities) times 75 (the expected lifespan of a storage
facility), or 1in 11,175. Because the sample size is so small, the
actual failure rate may be significantly different. This analysis
assumes that clay-lined facilities have one-tenth the failure rate of
unlined facilities and examines the impact of that assumption.
Synthetic-lined facilities are assumed to have a zero failure rate.
This assumption can be relaxed by inflating the other failure rates
and maintaining the relative rates across liner types. The table
below describes the failure rates used in this section.

Table: Failure Rates by Liner Types

Liner Type Estimate Failure Rate
Unlined 1in 11,175
Clay 1in 111,750
Synthetic 0

The benefits from reduced probability of failure can be calculated
using a simple linear cost function to estimate the cost of cleaning up
a catastrophic failure of a storage unit based on the cost of cleaning
up the Kingston Fossil Plant site. TVA estimates place the cost of that
particular cleanup at $525-$825 million.26 Using the storage
capacity as a proxy for the amount of material that would have to be
cleaned up and assuming that all cleanup costs are variable costs,
this analysis then estimates the cost of cleanup for each facility.2”
The benefit of enacting stricter regulations is then easily calculated
by multiplying those estimated clean-up costs by the reduced
probability of failure achieved under the hypothetical regulation.28

Next, this analysis assumes that existing facilities have 45 years of
remaining life expectancy, after which they will be safely retired
(despite evidence that there are no plans to retire the vast majority
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of facilities). This generates a stream of benefits (in the form of
reduced probability of catastrophic failure each year for the rest of
the facility’s expected life). This stream of benefits is then summed
over the remaining facility life, with a discount rate of 5%.2° Varying
the discount rate can have a significant impact on the results of the
benefit estimate, as discussed below, but under these assumptions
the average benefit for facilities in the EPA’s draft assessment is
$297,161.

The table below summarizes the expected benefits of complying with
new, stricter regulation. The columns represent different discount
rates, and the rows represent the number of expected failures over
the 75-year lifespan of the facilities. For example, “five failures”
means we would expect a rate of one major facility failure every 15
years. Without considerably more information about the probability
of catastrophic collapses, getting more precise estimates is
impossible.

Table: Median Benefits Based on Number of Expected Failures

Failures 1% Discount Rate 5% Discount Rate 10% Discount Rate
1 $603,457 $297,161 $164,894
2 $1,206,915 $594,323 $329,789
3 $1,810,372 $891,484 $494,683
4 $2,413,830 $1,188,646 $659,578
5 $6,034,575 $2,971,614 $1,648,945

Note: “Failures” is the expected number of failures over the 75-year life of the
facility.

An increase of the expected failure rate would increase the benefits
of compliance in a linear manner. That implies that the benefits at
the level of two expected failures are exactly double the benefits at
the level of one expected failure, and half of those at four expected
failures. The discount rate has a sizeable impact on the benefit level
as well because this value represents a stream of benefits received
over 45 years. Increasing the discount rate from 1% to 5% (and
reducing the perceived value of benefits received in the future)
roughly halves the total benefits over the life of the storage facility.
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While there are considerable benefits in reducing the probability of
storage facility failure, the benefits of reducing exposure to toxic
chemicals leaching from the units are even larger. Coal ash waste
contains several toxic chemicals that blow off the storage facility and
seep into the ground. Storage units that are lined and covered
generate significantly fewer toxic emissions than unlined, uncovered
sites. EPA’s draft assessment finds that of the dozen chemicals
surveyed, only nitrates escape in detectable amounts from facilities
that already adhere to safer storage practices. By contrast, those
facilities that do not follow such best practices emit arsenic, lead, and
other heavy metals in significant quantities.

EPA’s draft assessment includes estimates of the level of chemical
leaching from storage facilities by chemical, liner type, waste type,
and unit type (landfill or surface impoundment). Those rates are the
result of a series of Monte Carlo simulations from a coal ash storage
facility model created by the Research Triangle Institute for EPA’s
analysis. The model is run 10,000 times for each facility type (e.g.,
liner type, dry vs. wet ash, and so forth). Each run results in a
different leaching level generating a distribution of leach rates.

EPA’s assessment reports two values: the 50t percentile release and
the 90th percentile release from those 10,000 model runs. The values
represent human exposure through drinking water and fish
consumption. Other possible pathways, such as airborne exposure,
are not modeled. The 50t and 90t percentile leaching rates for each
facility type were matched with each of the 243 storage units in the
assessment. The leaching rate for a dry, synthetic lined facility was
subtracted from the leaking rate of the current facility liner type to
find the reduction in chemical seepage from each facility if it
complied with the regulation considered here.

This reduction in exposure was then multiplied by the number of
people exposed to the chemical. The exposure model used here is a
simple binary (“all-or-nothing”) model that estimates the number of
people who could come in contact with the chemicals leached from a
facility without regard for the age-structure or health sensitivities of
the exposed population or the fact that people living far away might
be exposed to trace amounts of chemicals. For those reasons, the

19



assumptions regarding who may be exposed to the chemicals are
both simple and conservative.

The product of the reduced exposure and the number of people
exposed was then multiplied by the cost of exposure to that
chemical, taken from EPA estimates and the willingness-to-pay
literature where possible.30 That figure is a net present value of the
stream of benefits from reduced exposure over time. The
assumptions of a 5% discount rate and a 45-year remaining facility
life were used to make these results directly comparable to the
calculations of the benefits of reduced probability of failure. The
resulting values represent the benefits of reduced chemical exposure
by chemical and facility. Those values are best summarized by
taking the median for each chemical across the 243 facilities
included in the dataset.

The table below summarizes the net present value of the annual
willingness-to-pay assumption. In cases where the literature
produces estimates of willingness-to-pay for reduced exposure, they
are significantly higher than those assumed here. The willingness-
to-pay estimates for arsenic ($610,000 net present value),31
cadmium ($4,000 net present value),32 and lead exposure ($60,000
for a 1 percent reduction in exposure)33 taken from the literature
rely on special cases. The lead exposure estimates are taken from
willingness-to-pay estimates for a particular treatment for lead
poisoning, the cadmium exposure estimates are only for inhalation,
and the arsenic estimates are willingness-to-pay to avoid bladder
cancer, which is only one of the effects of arsenic exposure. The
assumptions here are much more general, and replacing them with
the values in the literature will lead to huge increases in the
estimated benefits. The willingness-to-pay for reduced exposure to
the leached chemicals was assumed to be $20 per person per year,
generating a net present value of $355 over 45 years ata 5%
discount rate.

In the following table, four scenarios are analyzed, combinations of
two possible “exposure levels” and two possible “exposure
distances.” The “exposure level” indicates whether the presumed
leaching rate is the median (50t percentile) of the leaching rates for
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a given chemical observed in the storage facility model, or the higher
90th percentile.

“Exposure distance” indicates one of two assumptions. The “county”
scenario assumes that everyone living in the county that houses the
storage facility was exposed equally and also that no one outside the
county was exposed at all. The “mile” scenario concentrates on the
benefits to residents living within one mile of the storage facility.3+
That number can be scaled by the distance that a particular chemical
may travel. For example, if chemicals typically travel ten miles in
one direction, the analysis can multiply the benefit by ten. But if
these chemicals instead diffuse ten miles in all directions, the
analysis can multiply the value by three hundred and fourteen.3s
More complicated dispersion and diffusion scenarios can be modeled
using the per-mile benefit as an input. The reader can also estimate
the benefits of a fraction of a county they expect to be exposed to
chemical by dividing the county-level results. These exercises
assume an equal population distribution across the county that
houses the facility.

Table: Benefits (in Thousands of Dollars) by Chemical for
Different Exposure Scenarios

Exposure
Distance County County Mile Mile
50th 90th 50th 90th

Exposure Level Percentile Percentile Percentile Percentile
Waterborne

Chemicals
Arsenic $9 $302 $.0017 $.548
Antimony $1,145 $43,478 $2 $82
Boron $4,163 $70,157 $7 $121
Cadmium $2,158 $141,279 $4 $259
Cobalt $5,089 $114,031 $10 $206
Lead $1,453 $141,053 $3 $269
Molybdenum $18,576 $133,096 $33 $231
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Nitrate $1,341 $122,109 $2 $203
Selenium $2,344 $33,308 $4 $60
Thallium $5,089 $76,209 $10 $147

Food-borne
Chemicals

Arsenic $.0001 $.4 $0 $.0001
Cadmium $15 $10 $.0029 $5,617
Selenium $129 $104 $.0244 $59,831
Thallium $14 $17 $.0025 $10,152

Sum $41,529 $875,154 $75 $77,178

The estimates of benefits from reduced chemical exposure are quite
large. While the simple exposure scheme means that these estimates
are only illustrative, they suggest that there are potentially large
benefits to be captured under the proposed policy. They are at least
an order of magnitude larger than the benefits of reduced
probability of catastrophic failure. This difference is robust to more
restrictive estimates of the length of facility life, discount rate,
willingness-to-pay for reduced exposure, and even the exclusion of
individual chemicals. The net present value of benefits for arsenic
and lead are significantly higher than the assumed present value of
benefits for other chemicals, but large reductions in the level of
selenium and molybdenum contribute markedly to the overall
benefits. The larger benefits associated with the 90t percentile
leaching levels indicate how quickly leaching levels increase from
the median estimates and suggest that “worst case scenario”
estimates for damages from chemical leaching could be extremely
high.

In addition to the benefits described above, the proposed policy will
have other benefits that cannot be estimated for lack of data. These
benefits include the reduced probability of small leaks (as opposed
to the catastrophic spills discussed above) from storage facilities and
reduced probability of natural resource and wildlife damage from
both spills and leaks, exposure to airborne chemicals, damage to
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recreational fishing site and innumerable other benefits. The power
generators who own these facilities are also less likely to be exposed
to fines and lawsuits in the wake of cleanups. Additionally, there are
trace chemicals that may be emitted from storage facilities in such
small quantities that they were not recorded by the EPA’s draft
assessment, but still have the potential to cause health problems.
While these benefits are unquantified in this study, they are no less
real than those described above. When comparing the costs and
benefits of various regulatory options, readers must remember that
these unquantifiable benefits also exist and may, in fact, be quite
significant. Costs are much easier to calculate for this regulation so
there are likely to be fewer unquantifiable costs, but additional
maintenance outlays are one example.
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Comparing Costs and Benefits

The previous sections of this brief outlined the methodology for
estimating the costs and benefits of one hypothetical form of stricter
regulation. This section will compare those two sets of estimates
and look for evidence as to whether the costs outweigh the benefits
of the proposed policy or vice versa. As with most cost-benefit
analyses, estimating costs was much more straightforward than
estimating benefits. The estimated range for cost of compliance
under a series of reasonable assumptions was between $11.2 million
and $20.4 million for the average coal ash storage facility. The
benefits picture is much cloudier. Benefits from the reduced
probability of failure are between $160,000 and $6 million,
depending on the discount rate and failure rate used in the analysis.
The benefits of reduced chemical leaching from storage units is even
more difficult to calculate, but appears to be at least $75,000 per
affected mile36 and as much as $875 million per affected county.
There are also numerous benefits that currently remain unquantified
due to lack of data.

The costs of complying with the policy seem to be an order of
magnitude greater than the benefits from reduced failure at the
failure rates considered in this analysis. Assuming fifteen failures
(or a catastrophic collapse rate of once every five years) generates a
benefit of $18.1 million, which is comparable to the cost estimates.
But assuming such a high failure rate is not supported by current
observations of catastrophic failures (with only one recent collapse
on record, estimating a robust failure rate is impossible). It is likely
that as these facilities age, the rate of failure will increase and the
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observed failure rate could approach such a high figure. The failure
rate calculations are also sensitive to the estimated facility lifespan
of 75 years. Increasing the estimated lifespan—and thus the likely
number of failures—significantly increases the estimated benefits.

The estimates of the benefits from reduced chemical exposure are
more difficult to compare to the cost estimates. The benefits
calculated in the previous section are significantly larger than the
costs estimates, but without sophisticated exposure models it is
difficult to be certain that these estimates truly represent net
benefits. The 90t percentile exposure rates generate estimated
benefits so large that even if one-twentieth of a county or a single
square mile of people were in contact with that level of chemical, this
channel of benefits alone would significantly outweigh the cost of
complying with the regulation considered here. At the 50t
percentile exposure level, around half a county (or around fifteen
square miles37) would have to be exposed to generate benefits that
are comparable to costs for the average facility. More complicated
exposure models that allow the concentration of the chemical to
diffuse over a given area would generate still other comparisons.

This channel of benefits also assumes remarkably low willingness-
to-pay levels for reduced exposure to the toxic chemicals. Increasing
the annual willingness to pay (WTP) from $20 to $40 a year for each
chemical reduces the area of exposure necessary to roughly equate
costs and benefits for the 50th percentile estimates to ten square
miles (or a diffusion distance of just over 3 miles). This WTP level is
still a fraction of the estimates in the literature for the chemicals that
have been studied. Decreasing the discount rate to 1% reduces that
area to seven square miles (for a $50 annual WTP), and increasing
the remaining facility life estimate to 65 years (from 45) further
decreases the area to less than six square miles. Removing the
chemicals from the analysis that do not have WTP estimates in the
literature and using only reported WTP levels for arsenic, cadmium,
and lead generates calculations which suggest between five and six
square miles must be exposed to equate costs with this stream of
benefits.
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These results also omit a significant number of unquantified benefits.
When the two streams of benefits (from reduced collapse probability
and reduced chemical exposure) are summed and unquantified
benefits are considered, the exposure levels and area that must be
affected for costs to outweigh benefits become quite small.
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Conclusion and Policy Recommendations

This policy brief has considered the costs and benefits of a regulation
requiring that coal ash waste be housed in dry, covered, synthetic
lined storage facilities. While a lack of data makes calculating the full
costs and benefits of potential regulation impossible, the results of
this analysis are suggestive. The costs of such a proposal would
range from $8.9 million to $21.7 million, depending on the
assumptions that map the costs in the Kingston Fossil Plant to other
facilities. The benefits in terms of reduced probability of failure are
an order of magnitude smaller than those costs, but the benefits
from reduced exposure to leached chemicals are likely to be much
larger than the costs.

Calculating the costs of this regulation is relatively straightforward.
The estimates come from engineering reports for the Kingston Fossil
Plant and are then generalized to all storage facilities using data in
the EPA draft assessment. By assuming a linear relationship
between cost of compliance and facility size, this analysis is able to
estimate a cost of compliance for every facility in EPA’s report and
aggregate those costs to any level of interest.

As with most cost-benefit analyses, estimating benefits is much more
difficult. Instead of engineering data, survey and labor market
estimates of consumers’ willingness-to-pay to avoid chemical
exposure must be assembled for each of the chemicals that leach
from coal ash. These willingness-to-pay estimates must be
multiplied by the reduced exposure under the regulation. Benefits
from reducing the probability of catastrophic failure are also
important to calculate, using estimated failure rates. Unfortunately,
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many other classes of benefits, such as reduced small leaks, damage
to animal life and natural resources, exposure to airborne chemicals,
and damage to recreational fishing site cannot be calculated from
available data. These benefits likely would play an important role in
deciding whether this regulation passes a cost-benefit analysis.

The estimates in this policy brief, while imprecise, suggest that the
proposal to house coal ash waste in covered, dry, synthetic lined
facilities would pass a more complete cost-benefit analysis. The
benefits from reduced exposure to chemicals leaching from storage
facilities dominate other types of benefits and the costs of
compliance. Policy-makers should strongly consider adopting
regulations similar those described in the brief, as well as other
potential rules that might reduce the threat of exposure from leaking
facilities. A more complete analysis of regulation to require dry
storage in synthetic-line facilities should also include engineering
estimates of the probability of catastrophic failure and, if possible,
willingness-to-pay estimates for reduced exposure to the chemicals
that leach from the facilities. If necessary, policy-makers could also
commission studies of the natural resources and aquatic life in the
immediate area around storage facilities. This data will be crucial in
developing more complete cost-benefit analyses of coal ash storage
regulations.

The results of this analysis also show the importance of considering
the ancillary benefits of regulation as part of every cost-benefit
analysis.38 In this case, media attention has been focused on the
catastrophic failure of the storage facility at the Kingston Fossil
Plant, and regulation to require better storage conditions would lead
to a reduction in the possibility of that type of incident. Many cost-
benefit analyses would only classify that type of benefit since it is the
direct target of the regulation, but there are many other types of
benefits that must be considered. The results of this exploratory
cost-benefit analysis suggest that if only the benefits from reduced
probability of failure are considered, such a regulation may have
costs in excess of benefits, but when ancillary benefits are
considered, the regulation is likely to produce benefits far in excess
of costs.
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Notes

! Ann Keil, Couple describes ash spill destruction, settlement process,” WATE
TELEVISION, May 26, 2009, http://www.wate.com/Global/
story.asp?S=10426003&nav=menu7_2_4).

2 See | APAN COAL ENERGY CENTER, CLEAN COAL TECHNOLOGIES IN JAPAN 95 (2007), available
at http://www.brain-c-jcoal.info/cctinjapan-files/english/2_5C1.pdf (describing
coal-fired power plants and ash formation).

% A description of the chemicals in coal ash and the largest emitters of those
chemicals can be found at Press Release, Environmental Integrity Project, Other
Toxic Coal Pollution Dumps Around the U.S. Pose Greater Potential Danger Than
Tennessee Coal Ash Spill Disaster Site (Jan. 7, 2009), available at
http://www.environmentalintegrity.org/pubs/010709%20EIP%20news%20releas
€%20FINAL1.pdf.

* The Tennessee Valley Authority (TVA) is a federally-owned corporation charged
with providing flood control and electricity to a large region in the southeastern
United States. TVA owns hydroelectric dams, nuclear facilities, and coal-fired power
plants. The agency is responsible for the storage of coal ash from each of their
facilities, as well as the clean-up of the Kingston Fossil Plant’s spilled coal ash.

® Pam Sohn, TVA ‘open’ on coal ash reporting, CHATTANOOGA TIMES FREE PRESs, May 13,
2009, available at http://timesfreepress.com/news/2009/may/13/tva-open-coal-
ash-reporting/?local.

brd.

" Pam Sohn, Kingston Ash Spill Samples Report Shows Toxic Metals Contamination,
CHATTANOOGA TIMES FREE PRESS, May 18, 2009, available at
http://timesfreepress.com/news/2009/may/18/kingston-ash-spill-samples-
report-shows-toxic-meta/?breakingnews.

8 pam Sohn, Ash on the Fly, CHATTANOOGA TIMES FREE PRESS, May 26, 2009, available at
http://timesfreepress.com/news/2009/may/26/ash-fly/?local.
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® For water tests, see APPALACHIAN VOICES ET AL., PRELIMINARY STUDY REPORT FROM WATER,
SEDIMENT AND FISH SAMPLES COLLECTED AT THE TVA AsH SpILL (2009), available at
http://www.appvoices.org/resources/

AppVoices_TVA_Ash_Spill Report_May15.pdf. For air tests, see TVA, Metals
Concentration Chart, http://www.tva.gov/kingston/air/TVA%Z200n-
site%20Air%20Metals%20vs%20Background%?20Levelsrl.pdf (last visited June 9,
2009).

10 See Sohn, Ash on the Fly, supra note 8.

" Daniel Connnolly, Coal cleanup cost at $975M, MEMPHIS COMMERCIAL APPEAL, May 22,
2009, available at http://www.commercialappeal.com/news/2009/ may/22 /coal-
cleanup-cost-at-975m/.

2Don Hopey, Massive Coal Ash Reservoir Holding Up in Beaver County, PITTSBURGH
PoST-GAZETTE, Jan. 11, 2009, available at http://www.post-gazette.com/pg/
09011/941065-57.stm.

13 Coal Ash Spill by the Numbers, KNOXVILLE NEWS SENTINEL, Jan. 19, 2009, available at
http://www.knoxnews.com/news/2009/jan/19/by-the-numbers/.

¥ For descriptions of recent spills, see Sourcewatch, TVA Widows Creek Coal Waste
Spill, http://www.sourcewatch.org/index.php?title=TVA_Widows_Creek_
coal_waste_spill (last visited June 9, 2009), Sourcewatch, Tennessee Sludge Spill,
http://www.sourcewatch.org/index.php?title=Tennessee_sludge_spill (last visited
June 9, 2009).

15 The spill from the Widows Creek facility was smaller, but may have been more
toxic than the spill in Tennessee. See Dave Flessner & Pam Sohn, Widows Creek Ash
May Be More Toxic Than Kingston’s, CHATTANOOGA TIMES FREE PRESS, Jan. 13, 2009,
available at http://www.timesfreepress.com/news/2009/jan/13/ tennessee-
widows-creek-ash-may-be-more-toxic-kings/.

'8 Fly Ash Spills into Potomac River, CUMBERLAND TIMES NEws, Mar. 10, 2009 available
at http://www.times-news.com/archivesearch/local_story_069234621.html.

7 The full report can be found at:
http://www.regulations.gov/fdmspublic/ContentViewer?objectld=090000648027b
9cc&disposition=attachment&contentType=pdf [hereinafter EPA Draft Assessment].

'8 The full memorandum can be found
at:(http://www.tva.gov/kingston/tdec/pdf/TVA-00013864.pdf [hereinafter
MACTEC Memo].

19 All cost estimates come from the MACTEC Memo, supra note 18, at page 6
(estimate for installing a synthetic liner), page 15 (estimate for a vibrated beam

30



slurry wall to prevent seepage), page 17 (estimate for a buffer dike), and page 1
(estimate for a full dry fly-ash collection system).

0 This does not include the damages that people exposed to coal ash through a
catastrophic failure may have suffered from contact with heavy metals and toxic
chemicals. The cost of this exposure may prove to be quite high, but at this time
there is not enough data to develop an estimate. The exposure costs of the smaller,
steady leaks and leaching are considered below.

2 The source for the initial cost estimates is Tom Humphrey, Reassurances on Ash
Spill, KNOXVILLE NEWS SENTINEL, Feb. 19, 2009, available at
http://www.knoxnews.com/news/2009/feb/19 /reassurances-on-ash-spill/

22 Shalia Dawan, Hundreds of Coal Ash Dumps Lack Regulation, N.Y. TIMES, Jan. 6,
2009, available at http://www.nytimes.com/2009/01/07 /us/07sludge.html?_r=2.

2 While there is no guarantee that the fixed costs are between 25% and 75% of the
total costs, the extreme values of 0% and 100% are improbable. The cost estimates
include labor and material costs, which tend to be variable. They also include
engineering studies and design costs, which tend to be fixed. A mix of fixed and
variable costs is the most likely scenario.

2 Recall that storing coal ash is a relatively new concern. While the plants that are
generating this ash are around fifty years old, the majority of the coal ash is fly ash
collected from smokestacks. Until environmental regulations were strengthened
(beginning with the Clean Air Act of 1970), there were relatively small quantities of
ash collected and stored.

% The chemicals in coal ash remain toxic for many hundreds or even thousands of
years. See EPA Draft Assessment, supra note 17, for more information on the
persistence of toxicity.

% More recent media reports have put that cost at over $900 million.

% This is based on the assumption that the clean-up will include emptying all the
sludge that remained in the lagoon, in addition to the spill.

8 There are five waste management units for which there is no data on the size of
the facility measured in acres and 35 units for which there is no capacity measure.
Missing observations were imputed from a linear regression of existing data for the
two variables.

% The rate of failure is an annual rate, meaning that the reduction in chance of
failure is a benefit that is received each year. The discount rate of 5% is selected as
an estimate of the relative importance of costs endured today (to upgrade the
storage facility) compared to benefits that are received over many years. The
reduced probability of a failure next year is assumed to be worth 5% less than the
same probability of failure this year. This discount rate is comparable to the long-

31



term inflation rate and the long-term return on low risk investments. The impact of
this assumption is examined in the text.

% See ESPREME Project, European Union, Integrated Assessment of Heavy Metal
Releases in Europe, http://espreme.ier.uni-stuttgart.de/ (last visited June 9, 2009);
National Primary Drinking Water Regulations; Arsenic and Clarifications to
Compliance and New Source Contaminants Monitoring, 66 Fed. Reg. 6975 (Jan. 22,
2001) (codified at 40 C.F.R. pts. 9, 141, 142), available at http://www.epa.gov/EPA-
WATER/2001/January/Day-22/w1668.htm.

®! National Primary Drinking Water Regulations; Arsenic and Clarifications to
Compliance and New Source Contaminants Monitoring, 65 Fed. Reg. 38,887 (June
22,2000) (estimate $536,000 (U.S.D. 2000) as the willingness-to-pay to avoid
bladder cancer, which is equivalent to $601,000 in today’s dollars).

* The ESPREME project, see supra note 30, has cost estimates for cadmium for
European countries. These results were averaged over the OECD countries in the
data set and then the calculations were converted from Euros to US Dollars.

* Mark Agee & Thomas Crocker, Parental Altruism and Child Lead Exposure:
Inferences from the Demand for Chelation Therapy, ]. HUMAN RES., voL. 31(3) (1996),
available at http://papers.ssrn.com/sol3/papers.cfm?abstract_id=3328.

34 The location of the facility comes from the EPA Draft Assessment, supra note 17,
which includes both the county and latitude/longitude of the facility.

%5 If the chemical diffuses 10 miles in all directions, it generates a circular area of
exposure with a radius of 10 and an area of 314 (using the formula for the area of a
circle A=3.14%r2).

% Where an affected mile is a mile that has been exposed to chemical leaching from
a coal ash storage facility. The data comes from the “Benefits (in thousands) by
chemical for different exposure scenarios” table.

37 Recall this requires a diffusion distance of less than five miles.

38 See RICHARD L. REVESZ & MICHAEL A. LIVERMORE, RETAKING RATIONALITY: How COST-
BENEFIT ANALYSIS CAN BETTER PROTECT THE ENVIRONMENT AND OUR HEALTH (2008) for
more details on ancillary benefits and their importance in cost-benefit analysis.
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