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Coming Clean: What EPA Knows About the Dangers of Coal Ash

Each year, coal-fired power plants dispose of nearly 100 million tons of toxic fly
ash, bottom ash, and scrubber sludge in wet ponds and landfills. Can living next to one
of these dumpsites increase your risk of getting cancer or other diseases? The U.S.
Environmental Protection Agency (EPA) thinks so, especially if you live near one of
those wet ash ponds, or surface impoundments, that dot the landscape near large coal
plants,the pond has no protective liner, and you get your drinking water from a well.
According to a comprehensive but little known risk assessment released by the EPA in
2007, nearby residents have as much as a 1 in 50 chance of getting cancer from drinking
water contaminated by arsenic, one of the most common, and most dangerous, pollutants
from coal ash.'

And that’s not all. That same risk assessment says that living near ash ponds
increases the risk of damage to the liver, kidney, lungs and other organs as a result of
being exposed to toxic metals like cadmium, cobalt, lead, and other pollutants at
concentrations far above levels that are considered safe. In addition, the danger to
wildlife and ecosystems is simply off the charts, with one contaminant—boron—expected
to leach into the environment at levels two thousand times thresholds generally
considered to be safe.

During the Bush Administration, the EPA made a concerted effort to delay the
release of this information. A 2002 screening study, the precursor to EPA’s 2007 risk
assessment, identified the same astronomical cancer risks and dangers to aquatic life from
coal ash dumps, but it was not made public until March 4, 2009—seven years after its
publication.” Freedom of Information Act requests to EPA during the Bush
Administration were denied or resulted in the production of documents with the cancer
and noncancer risk estimates blacked out.

What were they hiding? This brief analysis from the Environmental Integrity
Project and Earthjustice highlights key findings from the EPA’s 2007 risk assessment,
which was based on a detailed analysis of landfills and surface impoundments at
181waste disposal facilities,"primarily identified by a 1995 survey by the Electric Power
Research Institute." Our analysis focuses on the 100landfills and 110 surface
impoundments examined by the EPA that lack effective synthetic liners to prevent leaks,
since the EPA found unlined and clay-lined waste units present far greater risks to both
human health and ecosystems. A complete list of the unlined or clay-lined waste disposal
units examined in the EPA’s risk assessment can be found in Attachments 1 (surface
impoundments) and 2 (landfills).

The EPA’s study estimated risks based on a number of factors, including waste
characteristics, the type of disposal (e.g., wet pond or “dry” landfill), whether sites were
lined, local hydrogeological information, and tests measuring the leaching potential of
various pollutants. The assessment was based on predicted exposures of population,
vegetation, and wildlife to toxic metals that migrate from groundwater contaminated by
disposal sites. The human health risks that are discussed below result from exposure to



contaminated drinking water. The risk assessment did not consider other risks to human
health posed by coal ash disposal, including risk from fugitive dust, contaminated soils,
or direct discharge of pollutants to surface waters. A more detailed explanation of the
EPA’s methodology, its limitations, and its likely underestimation of risk can be found in
Appendix B.

The EPA’s study found that the type of disposal (wet or dry), and whether or not
disposal sites have protective composite liners' to prevent leaking, have a dramatic effect
on risk. Surface impoundments (wet ponds) consistently show the highest risks,
especially if they are unlined. The attached tables identify the size and location of ponds
and landfills that are unlined or lined only with clay. Because the data were gathered in
the mid-1990s, it is possible that some of the listed dump sites are no longer in use. The
EPA study warns, however, that peak pollution from ash ponds can occur long after the
waste is placed and is likely to result in peak exposures approximately 78 to 105 years
after the ponds first began operation—thus “retired” sites still pose very significant
threats.” Lastly, these tables represent only the units that were captured in the EPA’s
survey in the risk assessment. The number of unlined and clay-lined ash ponds and
landfills currently in operation in the United States is likely to be at least double the
number of units represented in the tables.” In fact, the EPA’s latest estimate of the
number of coal ash waste ponds has recently increased 40% from 300 to 427 units, based
on information recently submitted by 61 utilities in response to the EPA’s March 2009
information request letters.”"

Health Risks: Waste Ponds that Mix Coal Combustion Waste and Coal Refuse

A summary of the EPA’s assessment of health risks from coal ash ponds can be
found in Table A. Seventy-two of the ash ponds assessed by the EPA’s assessment mix
both coal ash and other types of coal refuse (e.g., the waste coal produced from coal
handling and preparation operations prior to combustion™), and this category of pond was
found to be the most hazardous (see Attachment 1 for a list of these sites). For example,
the EPA estimated that up to 1 in 50 nearby residents could get cancer from exposure to
arsenic leaking into drinking water wells from unlined waste ponds that mix ash with coal
refuse. Arsenic has been found to cause multiple forms of cancer, including cancer of the
liver, kidney, lung, and bladder, and an increased incidence of skin cancer in populations
consuming drinking water high in inorganic arsenic.* For context, the Agency typically
considers cancer risk to be unacceptable when environmental exposures result in more
than one additional cancer per 100,000 people.” Consequently, a lifetime cancer risk of 1
in 50 represents a risk 2000 times the EPA’s regulatory goals.

The EPA also predicts that these unlined ash ponds can increase the risk of other
“noncancer” health effects, such as damage to vital organs like the liver and kidneys and,
in the case of lead, damage to the central nervous system. The agency has set maximum
contaminant levels (“MCLs”) under the Safe Drinking Water Act to limit exposure to
hazardous pollutants. But according to the EPA, unlined waste ponds that mix ash and
coal refuse will result in exposures up to 9 times the federal standard for lead, a deadly
neurotoxin that can damage the central nervous system, especially in young children.



Table A: Surface Impoundments: Highest Health Risks (Groundwater to Drinking Water)

90th Percentile HQ or Cancer Risk Value*?
Chemical Unlined Units | Clay-Lined Units Potential health Risks
Conventional CCW - 44 surface impoundments
. . . . Nausea; Vomiting; Diarrhea; Cardiovascular Effects; Encephalopathy; Dermal
Arsenic (cancer risk) 1in 500 1lin1,111 , )
Effects; Peripheral Neuropathy; Skin, Bladder & Lung cancer
Nitrate/nitrite (MCL) 20 10 Methemoglobinemia, infants are particularly vulnerable
Molybdenum 8 5 Fatigue; Headaches; Joint Pains
Boron 7 4 Stomach, Intestines, Kidneys, Liver and Brain Damage; Death; Negative Effects on
Male Reproduction
. Dizziness; Fatigue; Respiratory Effects; Selenosis (Hair Loss; Nail Brittleness;
Selenium 2 1 . .
Neurological Abnormalities)
Lead (MCL) 3 07 Learning Disabilities; Kidney, Blood, and Nerve Damage; Children are especially
vulnerable to Lead exposure
Codisposed CCW and Coal Refuse — 72 surface impoundments
Arsenic (cancer risk) 1in 50 1in 143 Nausea; Vomiting; D.iarrhea; Cardiovascula.r Effects; Encephalopathy; Dermal
Effects; Peripheral Neuropathy; Skin, Bladder & Lung cancer
Cadmium 9 3 Diarrhea; Stomach Pains; Severe Vomiting; Bone Fracture; Reproductive Effects;
Nerve Damage; Immune System Damage; Psychological Disorders
Cobalt 8 3 Vomiting and Nausea; Vision Problems; Heart Problems; Thyroid Damage
Lead (MCL) 9 1 Learning Disabilities; Kidney, Blood, and Nerve Damage; Children are especially
vulnerable to Lead exposure
Molybdenum 3 2 Fatigue; Headaches; Joint Pains

1 . . . .
Values are HQs for all chemicals except arsenic; arsenic values are cancer risk.

*The Hazard Quotient (HQ) is the ratio of the exposure estimate (dose of contaminants) to a “no adverse effects level” considered to reflect a “safe” environmental concentration or dose.




For other toxic metals, like cadmium and cobalt, a hazard quotient (“HQ”) is used
to define the concentration of a pollutant that is generally assumed to be “safe.” In other
words, the HQ is the level at which the pollutant presents no “noncancer” health risks.
The EPA estimates that unlined ponds that mix ash and coal refuse will result in
exposures up to:

e Nine times the HQ, or “safe” level for cadmium, which can result in
kidney disease and fragile bones.”™'The U.S. Department of Health and
Human Services has determined that cadmium is a human carcinogen.™

e Eight times the HQ for cobalt, which can result in damage to the lung and
heart and cause dermatitis. Liver and kidney effects have also been
observed in animals exposed to high levels of cobalt.™

Clay-lined ponds that mix coal ash and refuse appear to pose less risk, although
the smaller number of sites evaluated make extrapolation difficult. Clay-lined
impoundments were estimated to result in exposures up to 3 times above the HQ, or
“safe” threshold, for cadmium and cobalt.

Attachment 1 lists the location, size, and ownership of the unlined and clay-lined
ponds that mix ash and coal refuse that were evaluated in the EPA’s risk assessment.
North Carolina and Tennessee each have eight of these impoundments, while Illinois and
Kentucky have six each. The Tennessee Valley Authority owns or operates ten sites,
while nine each are owned or operated by Duke or Southern Company utilities. Again,
these ponds represent only a portion of the universe of unlined and clay-lined ash ponds
currently operating throughout the United States.

Health Risks: Ash Ponds Containing Only Coal Combustion Waste

Forty-four of the coal ash ponds studied by the EPA contained only coal
combustion waste. Unlined sites present a lower but still very substantial arsenic cancer
risk to nearby residents of about 1 in 500 and about 1 in 1000 for clay-lined sites. These
risks are 200 times and 100 times, respectively, greater than the EPA’s regulatory goals
for limiting cancer risk.

In addition, the risk of other diseases is high:

e Unlined ponds are predicted to result in drinking water exposures of
nitrate/nitrites at up to 20 times the “maximum contaminant levels”
established under the Safe Drinking Water Act; even clay-lined sites are
expected to exceed those limits by a factor of ten. Nitrates/nitrites are
associated with methemoglobinemia (“blue baby syndrome”’), which
decreases the ability of the blood to transport oxygen, a condition that can
cause death in infants.™ Lead levels in drinking water are predicted to
reach up to 3 times the federal limit.



e Exposure to boron leached from unlined ponds is expected to exceed the
HQ, or “safe” level, by up to a factor of eight, and by up to a factor of four
for clay-lined ponds. High levels of boron have been linked to serious
ailments of multiple organs, including the stomach, kidney, liver and
brain.™" The study also showed high levels of molybdenum, which can
lead to mineral imbalances, anemia and developmental problems.*

e Five of the unlined ash ponds evaluated in the EPA study are in North
Carolina; three each are in Michigan, Ohio, and West Virginia.

Health Risks: Landfills

The EPA’s risk assessment predicted that coal ash landfills posed less risk to
human health than coal ash ponds. Still, the EPA determined that the cancer risk from
exposure to arsenic is as high as 50 times the agency’s regulatory goals. The EPA found
the risk to be 1 in 2000 from exposure to arsenic in drinking water for residents living
near unlined landfills containing coal ash and coal refuse. The study also found that
unlined landfills would result in thallium exposures at 3 times the “no risk” threshold.
Exposure to high levels of thallium over a short time can lead to vomiting, diarrhea,
temporary hair loss, and effects on the nervous system, lungs, heart, liver, and kidneys,
and even death.™™ Animal data suggest that the male reproductive system may be
susceptible to damage by low levels of thallium.™ In addition, the EPA found clay-lined
and unlined landfills pose elevated risks from exposure to antimony and molybdenum. A
list of unlined landfills can be found in Attachment 2.

The study’s conclusions concerning coal ash landfills may have significantly
underestimated risk. In fact, EPA’s list of actual damage cases includes numerous
examples of landfills that have poisoned drinking water and surface water.™ For
example, drinking water wells surrounding a “dry landfill” in Anne Arundel County,
Maryland were found to exceed federal drinking water standards for several toxic metals,
including arsenic, cadmium, thallium, beryllium, aluminum and manganese. The
contaminants were traced to leachate from the landfill, and Constellation Energy paid $54
million to settle a lawsuit brought by nearby residents.™ In addition, a northern Indiana
town has become a Superfund site due to the leaching of chemicals from a partially
unlined coal ash landfill.*"



Table B: Landfills: Highest Health Risks (Groundwater to Drinking Water)

90th Percentile HQ or Cancer Risk Value'?

Chemical Unlined Units | Clay-Lined Units Potential Health Risks

Conventional CCW - 79 landfills

Nausea; Vomiting; Diarrhea; Cardiovascular Effects; Encephalopathy; Dermal Effects;

Arsenic (cancer risk 1in 2,500 1in 5,000
( ) Peripheral Neuropathy; Skin, Bladder & Lung Cancer
Thallium 3 2 Stomach Pains; Nerve Damage; Joint Pains; Vision Damage; Fatigue; Headaches
Eye Irritation; Hair Loss; Lung Damage; Heart and Fertility Problems. Liver and Blood
Antimony 2 0.8 Y ! s KNG i Y

Damage; Skin Irritation

Codisposed CCW and Coal Refuse — 41 landfills

Nausea; Vomiting; Diarrhea; Cardiovascular Effects; Encephalopathy; Dermal Effects;

Arsenic (cancer risk 1in 2,000 1in 5,000 . .
( ) Peripheral Neuropathy; Skin, Bladder & Lung cancer
Thallium 2 1 Stomach Pains; Nerve Damage; Joint Pains; Vision Damage; Fatigue; Headaches
Molybdenum 2 0.6 Fatigue; Headaches; Joint Pains

1 . . . .
Values are HQs for all chemicals except arsenic; arsenic values are cancer risk.

|u

2The Hazard Quotient (HQ) is the ratio of the exposure estimate (dose of contaminants) to a “no adverse effects level” considered to reflect a “safe” environmental concentration or dose.




Ecological Risks:

The EPA’s study also found very substantial risk from coal ash disposal to aquatic
ecosystems and the wildlife they support. The EPA evaluated these ecological risks for
both landfills and ponds, but the report does not distinguish risks based on whether liners
are in use, or whether ash is commingled with coal refuse. Predicted exposures are
compared to ecological hazard quotients for specific pollutants, e.g., concentrations that
are thought to be safe for aquatic life.

The results are eye-opening:

e Ash ponds are predicted to leak boron into surface waters at concentrations
up to 2000 times higher than levels estimated to be safe for aquatic life
(2000 times the HQ). Even landfills will release boron at levels 200 times
above the HQ, or safe level, according to the EPA.

e Based on predicted exposures to river otters, lead from ash ponds will reach
surface waters at concentrations 20 times higher than the HQ, or safe level,
while arsenic and selenium concentrations will be 10 times higher.
Selenium is particularly dangerous in aquatic environments because even a
very small amount can rapidly attain levels that are toxic to fish and
wildlife because of rapid bioaccumulation in food chains and resultant
dietary exposure.™"

e Toxic metals can also be embedded in the sediment at the bottom of rivers
or lakes, where they can be very difficult to remove, and poison plants and
bottom feeding fish. The EPA’s study predicts lead leached from surface
impoundments will reach levels that are 200 times higher than levels
considered harmless, while arsenic will exceed the safe threshold by 100
times. Arsenic and lead from landfills are also expected to contaminate
sediments at levels several times above “no risk” thresholds.

Table C: Surface Impoundments: Highest Ecological Risk (Groundwater to Surface Water)

Chemical 90th Percentile HQ" Pathway Receptor
Boron 2000 direct contact aquatic biota

Lead 20 ingestion river otter
Arsenic 10 direct contact aquatic biota
Selenium 10 direct contact aquatic biota
Cobalt 5 direct contact aquatic biota
Barium 2 direct contact aquatic biota
Cadmium 1 direct contact aquatic biota

The Hazard Quotient (HQ) is the ratio of the exposure estimate to an effects concentration considered to represent a "safe"
environmental concentration or dose. Values greater then 1 are indicative of risk to human health.




Table D: Surface Impoundments: Highest Ecological Risk (Groundwater to Sediment)
Chemical 90th Percentile HQ' Pathway Receptor
Lead 200 ingestion spotted sandpiper
Arsenic 100 ingestion spotted sandpiper
Cadmium 20 direct contact sediment biota

The Hazard Quotient (HQ) is the ratio of the exposure estimate to an effects concentration considered to represent a "safe"

environmental concentration or dose. Values greater then 1 are indicative of risk to human health.

Table E: Surface Impoundments: Highest Ecological Risk (Groundwater to Surface Water)
Chemical 90th Percentile HQ" Pathway Receptor
Boron 200 direct contact aquatic biota
Lead 4 ingestion river otter
Selenium 1 direct contact aquatic biota

"The Hazard Quotient (HQ) is the ratio of the exposure estimate to an effects concentration considered to represent a "safe"
environmental concentration or dose. Values greater then 1 are indicative of risk to human health.

Conclusion

The EPA’s 2007 risk assessment shows that the disposal of coal ash, especially in
unlined ponds, results in alarmingly high risks of cancer and diseases of the heart, lung,
liver, stomach and other organs and can seriously harm aquatic ecosystems and wildlife
near disposal sites. These risks are driven by exposure to toxic metals that leach from
groundwater into drinking water, surface waters and sediment. Some of the sites
evaluated by the EPA may no longer be “active,” but the Agency has warned that
contamination from coal ash ponds will not peak until about 78 to 105 years after waste
is dumped, while peak exposure from landfills may occur after even longer periods of
time.

The federal government and the electric utility industry have sought to keep the
lights out—and the public in the dark—as to the risks presented by the voluminous toxic
waste they produce. Even as recently as December 2008, after the 1 billion gallon spill
from its Kingston Power Plant, the Tennessee Valley Authority claimed that coal ash
posed little risk to human health or the environment. The EPA’s 2007 risk assessment,
nevertheless, brings the real threats to light.

Given what the Agency already knows, ash ponds must be phased out—and
cleaned out—within five years, to keep their toxic cargo from building up and
jeopardizing the health of nearby residents, poisoning wildlife, and contaminating rivers
and streams. So called “dry landfills”—especially those that are unlined—also pose
unacceptable risks, and ought to be regulated as hazardous waste disposal sites.

There is some good news. The EPA’s evaluation shows that the use of double
synthetic liners significantly reduces risk by decreasing the amount of toxins that leak out
of ash and into groundwater. These composite liners ought to be required at dry landfills,

9



along with leak detection and treatment systems to identify, capture, and treat any
leachate that does escape. On March 2, 2009, 109 public interest organizations
recommended that the EPA require these measures, as well as other safeguards, in a letter
to EPA Administrator Lisa Jackson.

The EPA’s risk assessment clearly establishes that unlined coal ash disposal
sites—wet and dry—are hazardous to human health and the environment, posing
unacceptably high cancer and noncancer risks to those living nearby and poisoning
aquatic life of adjacent water bodies with bioaccumulative poisons. We hope the new
leadership at the EPA will act on that knowledge before it is too late.

10



Appendix A. Coal Combustion Waste Constituents: Health and Environmental
Effects

Some of the most hazardous constituents in coal combustion waste include:

Arsenic:

Ingesting arsenic, even in low doses, through drinking water or by eating fish in which
arsenic has bioaccumulated, “can cause nausea, vomiting, decreased production of red
and white blood cells, abnormal heart rhythm, damage to blood vessels, and a sensation
of ‘pins and needles’ in hands and feet.”™" Freshwater plants and bivalves have been
shown to accumulate arsenic,”™ whereby it enters the food supply. The toxicity of
arsenic in the environment is impacted by a number of factors, including temperature,
pH, phosphate concentration, and other parameters.™"" Arsenic is ranked #1 on the
Agency for Toxic Substances and Disease Registry’s (ATSDR) 2007 Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) Priority List of
Hazardous Substances, which determines contaminant rankings based on a combination
of their frequency, toxicity, and potential for exposure at National Priorities List (NPL)
sites.™""

Boron:

“Exposure to large amounts of boron (about 30 grams of boric acid) over short periods of
time can affect the stomach, intestines, liver, kidney and brain and can eventually lead to
death.”™" Boron can also bioaccumulate in plants, and is therefore ingested in fruits
and vegetables as well as in drinking water.™ Boron is also known to be highly toxic to
plants and algae, inhibiting growth, protein content, chlorophyll content and
photosynthesis.™ Chronic exposure to low levels of contamination can impair
development in fish, notably the rainbow trout.”™

Cadmium:

The Centers for Disease Control’s (CDC) Third National Report Spotlight on Cadmium
states that, “exposure to low levels of cadmium in air, food [and]... water over time may
build up cadmium in the kidneys and may cause kidney disease,” and that long-term
effects of cadmium exposure also include fragile bones.”™™" Moreover, the U.S.
Department of Health and Human Services and the International Agency for Research on
Cancer have determined that cadmium and cadmium compounds are known human
carcinogens and EPA has determined that cadmium is a probable human carcinogen.
Cadmium exposure can occur through ingestion of contaminated drinking water or by
eating aquatic organisms in which cadmium has accumulated.™ " Exposure to cadmium
is moderately to highly toxic to aquatic plants, invertebrates, and fish.”*" Environmental
toxicity of cadmium is highly variable depending on hardness, pH, temperature, and other
parameters. ' Cadmium is listed 7" on the 2007 CERCLA Priority List of Hazardous
Substances.

XXXiii

Cobalt:
Exposure to high levels of cobalt can result in lung and heart effects and dermatitis.
Liver and kidney damage are also possible.”™"" Moreover, cobalt from CCW is

XXXVii
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especially dangerous to human health in the environment when co-disposed with coal
refuse because its mobility increases under more acidic conditions.”™™ ™ Cobalt has been
found to inhibit the growth of photosynthetic microorganisms and can be toxic to fish,
notably the rainbow trout.X! Cobalt ranks 49 on the 2007 CERCLA Priority List of
Hazardous Substances.

Lead:

The detrimental health effects of lead are well known. “No safe blood level has been
identified” for lead,"" making it one of the most toxic constituents of coal waste. Because
children absorb lead more easily than adults, “lead levels of 10 micrograms or more in a
deciliter of blood can damage ability to learn.”™" At blood levels greater than or equal to
25 micrograms per deciliter, lead exposure can cause damage to the kidneys, blood and
nervous system.™ “At very high levels, lead poisoning can cause mental retardation,
coma, convulsions or death.”™ Lead ranks second after arsenic on the 2007 CERCLA
Priority List of Hazardous Substances.

Molybdenum:
A statement by the American Cancer Society warns that “symptoms of too much

molybdenum include tiredness, dizziness, rashes, low white blood cell counts, and
anemia. High molybdenum levels are also linked to gout.”le The Environmental
Working Group also links molybdenum ingestion to reproductive and fertility
complications.™

Nitrates/Nitrites:

Studies show that “short term exposure to nitrate levels above the MCL can cause serious
illness and even death, especially in infants,” because nitrate converts to nitrite in the
body, which oxidizes the iron in blood hemoglobin to the point that it cannot carry
oxygen.™ Symptoms of “blue baby syndrome,” as the condition is commonly known,
include shortness of breath and bluish skin. Moreover, long term exposure to
contaminant levels above the MCL may cause “dieresis, increased starchy deposits, and
hemorrhaging of the spleen.”™™" The environmental effects of nitrate are well known;
adding large quantities of limiting nutrients to rivers and streams contributes to algal
blooms and decreased oxygen concentrations that choke out wildlife and ultimately
contribute to downstream water impairment, the most devastating of which is the gulf
coast “dead zone.”

Selenium:

Short term oral exposure to high concentrations of selenium causes nausea, vomiting, and
diarrhea, while chronic exposure to “mildly excessive” concentrations can lead to
selenosis, a condition resulting in brittle hair, deformed nails and numbness in the
limbs. ™ Selenium causes respiratory and liver damage in animals and may affect
reproduction in farm animals.! Moreover, because selenium bioaccumulates in plants,
farm animals are particularly susceptible to toxic effects from selenium ingestion."
Selenium ranks 147™ out of 275 toxic constituents on the 2007 CERCLA Priority List of
Hazardous Substances.
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Appendix B. Methodology and Limitations

EPA’s Methodology

In order to evaluate the risks posed by coal combustion waste (CCW) to
individuals who live near landfills and surface impoundments used for CCW disposal, the
EPA compiled a database of 41 “constituents of concern in CCW” in 2002 and 2003.™
The database includes waste concentration data from three types of waste samples:
landfill leachate analyses; porewater analyses from surface impoundments and landfills,
and analyses of whole waste samples.1111 In order to determine which constituents were
potentially hazardous enough to warrant a full-scale analysis, the EPA first engaged in
Hazard Identification to select only those constituents with human health or ecological
benchmarks and then conducted Constituent Screening to compare health-based
benchmarks with conservative estimates of exposure concentrations to screen out
constituents and exposure pathways that posed no significant concern.” The remaining
21 CCW constituents and 3 exposure pathways not screened out were then evaluated in a
Full-Scale Monte Carlo Risk Analysis.1V

The full-scale analysis modeled risks based on surveyed characteristics from 181
CCW disposal sites™ using a site-based probabilistic approach that provided a
distribution of risks for each receptor by allowing for variability of some factors. The
EPA modeled two waste management options, surface impoundments and landfills, as
well as three liner conditions, unlined, clay-lined, and composite-lined."" It also modeled
three waste types, conventional CCW, FBC wastes, and codisposed CCWs and coal
refuse.™ The site-based approach allowed for modeling of different factors such as
waste management practices, environmental settings (e.g. hydrogeology, climate, and
hydrology), and groundwater ingestion scenarios. Notably, to estimate the release of
constituents from waste management units (WMUSs), the EPA used a survey conducted
by the Electric Power Research Institute (EPRI) in 1995 to determine size, design
(including liner characteristics), and locations of onsite CCW landfills,"™ which does not
take into account disposal that has continued at these sites or the reality that there are
often long lead times before peak pollution events.

In order to determine probabilistic risks, the EPA used a Monte Carlo simulation,
by which many model input parameter values were varied over 10,000 iterations of the
model per waste management scenario to yield a statistical distribution of exposures and
risks.”™ Probabilistic risks were then evaluated at the 50™ and 90™ percentiles. A risk or
hazard estimate at the 90" percentile, which the EPA used as the high end of the risk
distribution, represents the scenario in the statistical distribution at which 90% of
probabilistic exposure scenarios pose lower risks and 10% pose equal or higher risks than
that value.

The Risk Assessment analyzed exposures and risks to determine which
CCW disposal scenarios and environmental conditions were above applicable risk
criteria.™ The EPA adopted a risk criteria factor of 10 for excess cancer risks and a
hazard quotient (HQ) of greater than 1 for noncancer effects to human and ecological
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receptors. HQ is the ratio of the likely exposure concentration to the highest
concentration at which there are no observable adverse effects.™ To determine the “HQ”
for non-cancer health effects, the EPA compares the exposure concentration (mg/kg/day)
to the ATSDR’s Minimal Risk Level (MRL) or the EPA’s Reference Dose (RfD), which
quantifies the level of an exposure to a chemical at which no adverse health effects will
occur. Thus: HQ = Exposure concentration (mg/kg/day)/ MRL or RfD. Accordingly, an
HQ of 1 represents the highest concentration of likely exposure at which there are no
observable adverse effects. Likewise, an HQ of 3 means that the maximum concentration
of likely exposure is three times the concentration at which there are no observable
adverse effects. However, although there is a positive correlation between HQ and harm,
it is not necessarily a 1:1 ratio. For example, at an HQ of 3, the concentration of likely
exposure is three times higher than the no observable adverse effects limit, but the
increased risk of harm cannot be definitively said to be greater than or less than 300%.

Limitations of EPA’s Risk Assessment

EPA conducted a peer review of its Risk Assessment in 2008, and several
scientists criticized the assessment as underestimating the risk.™ Significant criticisms
by the scientists chosen by EPA to review the assessment included: (1) the failure of the
EPA to assess how coal ash pollutants interact with each other to increase risk to human
health and aquatic organisms;IXIV (2) EPA’s failure to consider critical exposure pathways
including direct exposure to the slurried wastes in impoundments and direct exposure to
the effluent from impoundments discharged (.)’f’fsite;IXV (3) EPA’s failure to consider the
inhalation pathway for human health risks;™" (4) EPA’s failure to assess the true time of
exposure to contaminants in landfills and surface impoundments from the date of
deposition until removal of wastes; ™" (5) EPA’s failure to assess multiple exposure
pathways for humans and ecological receptors;*"" (6) EPA’s failure to employ data that
reflects the actual concentration of pollutants in waste pond water and landfill leachate; ™™
(7) EPA’s failure to consider the likelihood of liner failure at landfills and
impoundments;lxx (8) EPA’s failure to consider the disposal of coal ash in landfills below
the water table and to consider the limits of the clay and composite liners currently in use
at most waste units;™ (9) EPA’s failure to consider the impact of exposure of infants and
children to coal ash contaminants;™" and (10) EPA’s failure to consider additional coal
ash contaminants that commonly leach from coal ash. ™

In addition, in public comments, scientists criticized the model the EPA used as
the basis for groundwater modeling in its Risk Assessment, EPACMTP, for its propensity
to significantly underestimate risks from a variety of factors.™" Among the many
shortcomings of EPACMTP is that it “cannot simulate scenarios where the waste is
disposed within the underlying aquifer,” despite the frequent disposal of CCW in landfills
within the saturated zone and despite the fact that such disposal below the water table
expedites leaching of contaminants from the waste.™" In addition, EPACMTP cannot
account for multiple or changing leachate compositions, nor can it simulate instances
where leachate alters the properties of the receiving aquifer, such as how pH and Eh can
impact the mobility of many CCW contaminants.™"!
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In fact, EPA acknowledged that there were uncertainties it could not explicitly
address, resulting in an underestimation of many risks. For example, because porewater
data was unavailable to determine leachate from CCW landfills, EPA relied on Toxicity
Characteristic Leaching Procedure (TCLP) analyses, which underestimated risks from
selenium, which EPA recognizes is a frequent cause of CCW damage cases."™™" Also,
the high number of nondetect values for mercury in CCW leachate from landfills and
surface impoundments and for antimony and thallium in surface impoundments likely
means the EPA significantly underestimated risks to human health and ecological
receptors. ™ I addition, the EPA admits that it failed to estimate risk for terrestrial
amphibians despite damage cases indicating risk to these amphibians from exposure to
selenium, failed to address impacts on endangered species, critical habitats, or managed
lands, and failed to analyze synergistic or additive risks of being exposed to multiple
constituents or by multiple pathways, all of which will result in an understatement of risk.

Perhaps the most critical limitation in the EPA’s 2007 Risk Assessment was that
it failed to “address direct releases to surface water, which are permitted under the _
National Pollutant Discharge Elimination System (NPDES) of the Clean Water Act.”™™
One of the EPA’s peer reviewers commented that the risk assessment “grossly
underestimates risks from surface impoundments to humans and the environment”
because of this deﬁciency.lxxxBy not addressing “direct releases to surface water,” the
EPA has also failed to address unpermitted discharges to surface water, the precise
scenario that occurred at TVA’s Kingston plant in December of 2008. By not addressing
the effects of major discharges like those that occurred at TVA’s Kingston plant or any
less dramatic discharges of that nature, EPA clearly, and significantly, underestimated the
risks CCW can pose.
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