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Human and Ecological Risk Assessment of
Coal Combustion Wastes — Executive Summary

The U.S. Environmental Protection Agency
(EPA) is evaluating management options for
solid wastes from coal combustion (e.g., fly ash,
bottom ash, slag). As part of this effort, EPA is
evaluating whether current management
practices for coal combustion waste (CCW) pose
risks to human health or ecological receptors. To
inform this objective, EPA has conducted a
nationwide assessment of the risks posed by
CCW disposal practices across the country.

This report describes the results of the
tiered, site-based, probabilistic (Monte Carlo)
risk assessment of onsite CCW disposal
practices at coal-fired power plants across the
United States. These landfills and surface
impoundments represent disposal practices for
CCW reported in 1995. Although EPA
acknowledges that management practices for
CCW have improved since 1995, as documented
in U.S. Department of Energy (DOE) (2006),
EPA believes that characterizing risks from
facilities observed in 1995 provides a snapshot
of the potential risks from CCW disposa and
can provide useful information as EPA evaluates
CCW management options. In addition, the data
available on these facilities' locations,
environmental characteristics, and waste
management units (WMUSs) allow EPA to apply
a site-based risk assessment approach that the
agency believes characterizes the risks to human
health and the environment from disposing
CCW in landfills and surface impoundments.

In summary, this CCW risk assessment
evaluates potential risk results at the 50th and
90th percentile exposure level, adopting arisk
criteriaof 10° for excess cancer risks. Potential
noncancer and ecological risks are also
evaluated at the 50th and 90th percentile levels,
adopting a hazard quotient (HQ) risk criteria
greater than 1 for noncancer effectsto both
human and ecological receptors. Overall, when
all types of landfills and surface impoundments
(as observed in 1995) are evaluated in aggregate,
the risk at the 90th percentile exceeds the risk

criteriafor cancer and noncancer risks for
certain constituents. There is no potential risk
above the risk criteria (cancer and noncancer)
found at the 50th percentile. The risk assessment
also suggests that one of the most sensitive
parametersin the risk assessment isinfiltration
rate. Infiltration rateis greatly influenced by
whether and how aWMU islined.

For humans exposed via the groundwater-to-
drinking-water pathway, arsenic in CCW
landfills poses a 90™ percentile cancer risk of
5x10™ for unlined units and 2x10™ for clay-lined
units. The 50th percentile risks are 1x10°
(unlined units) and 3x10°°(clay-lined units).
Risks are higher for surface impoundments, with
an arsenic cancer risk of 9x10° for unlined units
and 3x10° for clay-lined units at the 90th
percentile. At the 50th percentile, risks for
unlined surface impoundments are 3x10™*, and
clay-lined units show arisk of 9x10°. Five
additional constituents have 90th percentile
noncancer risks above the criteria (HQs ranging
from greater than 1 to 4) for unlined surface
impoundments, including boron and cadmium,
which have been cited in CCW damage cases,
referenced above. Boron and molybdenum show
HQs of 2 and 3 for clay-lined surface
impoundments. None of these noncarcinogens
show HQs above 1 at the 50th percentile for any
unit type.

Composite liners, which are used in the
majority of new facilities constructed after 1995,
effectively reduce risks from all pathways and
constituents below the risk criteria (cancer and
noncancer) for both landfills and surface
impoundments®.

Risks from clay-lined units, as modeled, are
about one-third to one-half the risks of unlined

1 These resuilts suggest that with the higher prevalence of
composite linersin new CCW disposal facilities, future
national risks from onsite CCW disposal are likely to be
lower than those presented in this risk assessment (which
is based on 1995 CCW WMUs).
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units, but are still above therisk criteria used for
thisanalysis.

Arrival times of the peak concentrations at a
receptor well are much longer for landfills
(hundreds to thousands of years) than for surface
impoundments (most less than 100 years).

For humans exposed via the groundwater-to-
surface-water (fish consumption) pathway,
selenium (HQ = 2) and arsenic (cancer risk =
2x107) pose risks slightly above the risk criteria
for unlined surface impoundments at the 90th
percentile. For both constituents, lined 90th
percentile risks and all 50th percentile risks are
below therisk criteria. No constituents pose
risks above therisk criteriafor landfills at the
90th or 50th percentile.

Waste type has little effect on landfill risk
results, but in surface impoundments, risks are
up to 1 order of magnitude higher for codisposed
CCW and coal refuse than for conventional
CCW.

The higher risks for surface impoundments
than landfills are likely due to higher waste
leachate concentrations, alower proportion of
lined units, and the higher hydraulic head from
the impounded liquid waste. Thisis consistent
with damage cases reporting wet handling as a
factor that can increase risks from CCW
management.

For ecological receptors exposed via surface
water, risks for landfills exceed the risk criteria
for boron and lead at the 90th percentile, but
50th percentile risks are well below the risk
criteria. For surface impoundments, 90th
percentile risks for severa constituents exceed
therisk criteria, with boron showing the highest
risks (HQ = 2,000). Only boron exceeds the risk
criteria at the 50th percentile (HQ = 4).
Exceedances for boron and selenium are
consistent with reported ecological damage
cases, which include impacts to waterbodies
through the groundwater-to-surface-water
pathway.

For ecological receptors exposed via
sediment, 90th percentile risks for lead,
arsenic, and cadmium exceeded the risk

criteriafor both landfills and surface
impoundments because these constituents
strongly sorb to sedimentsin the waterbody.
The 50th percentile risks are generally an
order of magnitude or more below the risk
criteria.

Background

EPA has conducted risk assessments to
evaluate the environmental risks from CCW
management practices,” including CCW disposal
in landfills and surface impoundments. Although
EPA determined (in April 2000) that certain
CCWswere not subject to hazardous waste
regulations and therefore would be subject to
regulation as nonhazardous wastes, EPA did not
specify regulatory options at that time. This risk
assessment was conducted to identify and
quantify human health and ecological risks that
may be associated with current disposal
practices for high-volume CCW, including fly
ash, bottom ash, boiler slag, flue gas
desulfurization (FGD) sludge, coal refuse waste,
and wastes from fluidized-bed combustion
(FBC) units. Theserisk estimates will help
inform EPA’ s decisions about how to treat
CCWs under Subtitle D of the Resource
Conservation and Recovery Act.

Pur pose and Scope of the Risk
Assessment

The purpose of thisrisk assessment isto
identify potential risks associated with CCW
constituents, waste types, receptors, and
exposure pathways, and to provide information
about those scenarios that EPA can useto
develop CCW management options.

The scope of thisrisk assessment is CCWs
managed onsite at utility power plants. EPA’s
Report to Congress. Wastes from the
Combustion of Fossil Fuels (U.S. EPA, 19994)
reports that there are 440 coal-fired utility power
plants in the United States. Although these
plants are concentrated in the East, they are
found in nearly every state, with a broad variety
of climate, geologic, and land use settings. The
large volumes of waste generated by these plants

2 Details on EPA’s previous CCW work can be found at
http://www.epa.gov/epaoswer/other/fossil/ index.htm.
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are typically managed onsite in landfills and
surface impoundments. This risk assessment was
designed to develop national human and
ecological risk estimates that are representative
of onsite CCW management settings throughout
the United States.

Risk Assessment Methodology

To estimate the risks posed by the onsite
management of CCW, this risk assessment
determined the release of CCW constituents
from landfills and surface impoundments,
estimated the concentrations of these
constituents in environmental media surrounding
coal-fired utility power plants, and estimated the
risks that these concentrations pose to human
and ecological receptors. To evaluate the
significance of these risks, the risk criteria
adopted for this assessment are:

= An estimate of the excess lifetime cancer
risk for individuals exposed to carcinogenic
(cancer-causing) contaminants of 1 chance
in 100,000 (107 excess cancer risk)

= AnHQ (theratio of predicted intake levels
to safeintake levels) greater than 1 for
constituents that can produce noncancer
human health effects

= AnHQ greater than 1 for constituents with
adverse effects to ecological receptors.

In support of this risk assessment, EPA
assembled a constituent database that includes
leachate and total waste analysesfor 41 CCW
constituents taken from more than 140 CCW
disposal sites around the country. The CCW risk
assessment subjected these waste and |leachate
constituent concentrations to atiered risk
assessment methodology (Figure ES-1) that
implemented the following steps to assess the
human and ecological risk of CCWs:

» Hazard Identification, which collected
existing human health and ecological
benchmarks for the 41 CCW constituentsto
identify the 26 chemicals with benchmarks
for constituent screening

= Constituent Screening, which compared
very conservative estimates of exposure
concentrations (e.g., whole waste
concentrations, leachate concentrations) to
health-based concentration benchmarks to
quickly and simply eliminate constituents
and exposure pathways that do not require
further analysis

= Full-Scale Analysis, which used a site-
based Monte Carlo analysis to characterize
at anational level the risks to human health
and ecological receptors from onsite
disposal (in landfills and surface
impoundments) of CCW constituents that
were not eliminated in the screening
analysis.

The screening analysis looked at all
probabl e exposure pathways from CCW
management in landfills and surface
impoundments and identified 21 CCW
constituents and 3 exposure scenarios to
evauate in the full-scale analysis (Table ES-1).
Exposure scenarios evaluated for peopleinclude
contaminated groundwater being transported to
drinking water wells from a CCW landfill or
surface impoundment, and contaminated
groundwater discharging into surface water and
contaminating a nearby stream or |ake where
people catch and eat fish. The full-scale analysis
also addressed ecological risk in the same
waterbodies.

Constituents addressed in the full-scale
analysis arelisted in Table ES-2 along with the
potential exposure pathways identified for full-
scale modeling in the screening analysis.

Draft EPA document. Do not cite or quote.
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CCW constituent data

Hazard

Identification

Constituents with
benchmarks

Screening

Analysis

Constituents with risks
above screening
criteria

Full-Scale

Analysis

/ Constituents, pathways, scenarios exceeding risk criteria /

47/ Constituents, pathways, scenarios not exceeding risk criteria /

Figure ES-1. Overview of CCW risk assessment.
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Table ES-1. Sour ces, Releases, Exposur e Pathways, and Receptors

Evaluated in the CCW Risk Assessment

Release Screening
M echanism Exposur e Pathway Exposur e M echanism Receptor Type® Result
Landfills
Leaching Groundwater-to- Residential well Resident Full-scale
drinking-water analysis
Groundwater-to- Stream or lake, uptake by Recreational fisher; Full-scale
surface-water fish; contact with water, aquatic ecosystems analysis
sediments
Water erosion Overland transport | Stream or lake, uptake by Recreational fisher; Below screening
to surface water fish; contact with water, aguatic ecosystems criteria
sediments
Overland transport | Soil ingestion; uptake from | Subsistence farmer; Below screening
to soil soil by plants, beef, dairy terrestrial ecosystems | criteria®
Wind erosion Soil deposition Soil ingestion; uptake from | Subsistence farmer; Below screening
soil by plants, beef, dairy terrestrial ecosystems | criteria
Fugitive dust Inhalation Resident Below screening
criteria
Surface impoundments
Leaching Groundwater-to- Residential well Resident Full-scale
drinking water analysis
Groundwater-to- Stream or lake, uptake by Recreational fisher; Full-scale
surface water fish; contact with water, ecological receptors analysis

sediments

& Human receptor types include adults and children.
> Except boron for plant toxicity. Also, damage cases indicate soil risks from selenium to terrestrial amphibians
(Carlson and Adriano, 1993; Hopkins et al., 2006).
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Table ES-2. Screening Analysis Results:
CCW Constituents Selected for Full-Scale Analysis®

Human Health - Human Health - Ecological Risk -
Drinking Water Surface Water® Surface Water
Constituent LE S LF S ‘ LF Sl
Arsenic . o o o . o
Boron . . . .
Cadmium o o o o . o
Lead o . . .
Selenium o o o o . o
Thallium . nd . nd . nd
Aluminum . .
Antimony . nd nd nd
Barium o .
Cobalt na . na na o
Molybdenum . .
Nitrate/Nitrite o o
Chromium . . . .
Fluoride . o
Manganese °
Vanadium . o . o
Beryllium .
Copper . .
Nickel . o
Silver . .
Zinc o

LF = landfill.

Sl = surface impoundment

nd = nondetect—results are inconclusive because all analyses are nondetects.

na = not available—data were not available for cobalt in CCW landfill leachate.

& A mark in acell indicates that the constituent was above the screening criteria for the indicated pathway and
WMU type. Blank cells indicate that the constituent was below the screening criteriafor a particular
pathway/WMU combination. Risk screening was based on 90th percentile risk concentrations and no
attenuation.

P Fish consumption pathway.
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The full-scale analysis was designed to
characterize waste management scenarios based
on two waste management options (disposal of
CCW onsitein landfillsand in surface
impoundments). The risk assessment was also
used to characterize waste management
scenarios based on three liner types (unlined
units, clay-lined units, and composite-lined
units) and three waste types, as follows:

= Conventional CCW (ash and FGD sludge),
which includes fly ash, bottom ash, boiler
slag, and FGD sludge

= Codisposed CCWsand coal refuse,® which
are more acidic than conventional CCWs
due to sulfide mineralsin the coal refuse

» FBC wastes, which include fly ash and bed
ash, and which tend to be more alkaline than
conventional CCW because of the limestone
mixed in during fluidized bed combustion.

These three waste types and the two waste
management options provide a good
representation of CCW disposal practices and
waste chemistry conditions that affect the
release of CCW constituents from WMUs.*°

The full-scale analysis was implemented
using a site-based probabilistic approach that
produces a distribution of risks or hazards for
each receptor by allowing the values of some of
the parametersin the analysisto vary. This
approach isideal for this risk assessment
because there are many CCW facilities across
the United States, and a site-based approach can
capture both the variability in waste
management practices at these facilities and the
differencesin their environmental settings (e.g.,
hydrogeology, climate, hydrology). This

Coal refuse is the waste coal produced from coal
handling and preparation operations.

“ Conventional CCW and codisposed CCW and coal
refuse were modeled in landfills and surface
impoundments and are the focus of the overall anaysis.
FBC wastes were treated separately because of limited
data on FBC waste management units.

Although different waste chemistries required the
separate modeling of conventional CCW and CCW
codisposed with coal refuse, the results were combined
in thisanalysisto give an overall picture of the risks
from CCW management,

(&

probabilistic approach was implemented through
the following steps:

1. Characterize the CCW constituents and
waste chemistry, along with the WMUsin
which each waste stream may be managed
(i.e., the size and liner status of CCW
landfills and surface impoundments)

2. Characterize the environmental settings for
the sites where CCW landfills and surface
impoundments are located (i.e., locations of
coal-fired power plants)

3. ldentify how contaminants are released from
aWMU (i.e., leaching) and transported to
human and ecological receptors (i.e., via
groundwater and surface water)

4. Predict the fate, transport, and concentration
of congtituents in groundwater and surface
water once they are released to groundwater
from the WMUs and travel to receptors at
each site

5. Quantify the potential exposure of human
and ecological receptors to the contaminant
in the environment

6. Estimate the potential risk to each receptor
from the exposure and characterize this risk
in terms of exposure pathways and health
effects.

Based on this approach, we characterized
the potential risks associated with the waste
disposal scenarios and exposure pathways,
including the uncertainties associated with the
analysis results.

Results and Conclusions

Risks from clay-lined units are lower than
those from unlined units, but 90th percentile
risks are still well above therisk criteriafor
arsenic and thallium for landfills and arsenic,
boron, and molybdenum for surface
impoundments. Composite liners, as modeled in
this assessment, effectively reduce risks from all
constituents to below the risk criteriafor both
landfills and surface impoundments. Although it
islikely that today, most new landfills have
some type of liner (based on more recent data
that were not incorporated into this assessment),
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it isnot known how many unlined units continue
to operate in the United States.

Recent data from ajoint DOE/EPA survey
suggests that more facilities are lined today than
were in the 1995 data set on which thisrisk
assessment is based. This suggests that the risks
from CCW may be lower than the results
presented in this report, athough the older,
unlined WMUs represented in this risk
assessment may continue to pose potential risks
to human health and the environment if they are
closed with wastes in place.

The CCW risk assessment results at the
90th percentile suggest that the management of
CCW in landfills and surface impoundments as
observed in 1995 for unlined and clay-lined
units resultsin risks greater than the risk criteria
of 10°for excess cancer risk to humans or an
HQ greater than 1 for noncancer effects to both
human and ecological receptors. Key risk
findings include the following:

= 90th and 50th percentile risks for composite-
lined units were consistently well below a
cancer risk of 10” and an HQ of 1 for all
constituents, waste management scenarios,
and exposure pathways modeled in the
CCW risk assessment.

»  For humans exposed via the groundwater-to-
drinking-water pathway (see Figures ES-2
and ES-3), arsenic and thallium show risks
to human health above therisk criteriafor
unlined and clay-lined CCW landfills.
Arsenic poses a 90th percentile cancer risk
of 5x10 for unlined units and 2x10™ for
clay-lined units; thallium shows a 90th
percentile HQ above 1 for unlined units
only. As shown in Figure ES-3, 50th
percentile results are at or below risk criteria
for al constituents.

» Risksare higher for surface impoundments
for the groundwater-to-drinking-water
pathway, with a 90"-percentile arsenic
cancer risk of 9x107 for unlined units and
3x10° for clay-lined units. For unlined units,
5 additional constituents have noncancer
HQs ranging from 3 to 4 for the 90th
percentile, including boron, lead, cadmium,

cobalt, and molybdenum. Two constituents
(boron and molybdenum) have 90th
percentile HQs greater than 1 (2 and 3,
respectively) for clay-lined surface
impoundments. The 50th percentile results
are approximately 10-fold greater than the
10 cancer risk level for arsenicin unlined
(3x10™) and clay-lined (9x10°) surface
impoundments.

For humans exposed via the groundwater-to-
surface-water (fish consumption) pathway,
selenium (HQ = 2) and arsenic (cancer risk
= 2x10°°) show 90th percentile risks for
unlined surface impoundments slightly
above therisk criteria. All other waste
management scenarios and all 50™ percentile
results show risks at or below the risk
criteriafor the fish consumption pathway.

Waste type has little effect on landfill risk
results, but surface impoundment risks are
higher for codisposed CCW and coal refuse
than for conventional CCW.

Higher risks for surface impoundments than
landfills are likely due to a combination of
higher waste leachate concentrations, a
higher proportion of unlined units, and a
higher hydraulic head from impounded
liquid waste. Thisis consistent with damage
cases reporting wet handling as a factor that
can increase risks from CCW management.

For ecological receptors exposed via surface
water, the 90th percentile risks for landfills
exceed an HQ of 1 for boron and lead. For
surface impoundments, risks for the 90th
percentile for 6 constituents (boron, lead,
arsenic, selenium, cobalt, and barium)
exceed an HQ of 1, with boron showing the
highest risks (HQ over 2,000). The
exceedances for boron and selenium are
consistent with reported ecological damage
cases, which include impacts to waterbodies
through the groundwater-to-surface-water
pathway (e.g., Carlson and Adriano, 1993;
U.S. EPA, 2007). Only boron exceeds the
ecological risk criterion for surface water at
the 50th percentile, with an HQ of 4.
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A cancer risk of 10° or an HQ of 1 are the risk criteria for this analysis.
Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined).
Note: When the composite liner bar does not appear on the chart, the 90th percentile risk index
is below the minimum shown on the x-axis.

Figure ES-2. Full-scale 90th percentilerisk resultsfor the
groundwater -to-drinking-water pathway.
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Figure ES-3. Full-scale 50th percentilerisk resultsfor the
groundwater -to-drinking-water pathway.
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» For ecological receptors exposed via sediment,
90th percentile risks for lead, arsenic, and
cadmium exceeded a HQ of 1 for both landfills
(HQs from 2 to 20) and surface impoundments
(HQs from 20 t0200) probably because these
constituents strongly sorb to sediments. No
constituents exceed the ecological risk
criterion for sediments at the 50th percentile.

Sensitivity analysis results indicate that for
more than 75 percent of the scenarios evaluated,
the risk assessment model was most sensitive to
parameters related to groundwater flow and
transport, including WMU infiltration rate,
leachate concentration, and aquifer hydraulic
conductivity and gradient. For the groundwater-to-
surface water pathway, another sensitive parameter
isthe flowrate of the waterbody into which the
contaminated groundwater is discharging. For
strongly sorbing contaminants (such as lead and
cadmium), variables related to sorption and travel
time (adsorption coefficient, depth to groundwater,
receptor well distance) are also important.

The multiple uncertainties associated with the
CCW risk assessment include scenario uncertainty
(i.e., uncertainty about the environmental setting
around the plant), uncertainty in human exposure
factors (such as exposure duration, body weight,
and intake rates), uncertainty in human and
ecological toxicity factors and potential cumulative
risks, and uncertainty in estimates of fate and
transport of waste constituentsin the environment.
Scenario uncertainty has been minimized by basing
the risk assessment on conditions around existing
coal-fired power plants around the United States,
as observed in 1995. Uncertainty in environmental
setting parameters has been incorporated into the
risk assessment by varying these inputs within
reasonabl e ranges when the exact value is not
known. Uncertainty in human exposure factors has
a so been addressed through the use of national
distributions.

Some uncertainties not addressed explicitly in
the risk assessment have been addressed through
comparisons with other studies and data sources, as
described below:

= Appropriateness of CCW leachate data.
Although porewater data were available and
used for CCW surface impoundments,

available data for landfills were mainly
Toxicity Characteristic Leaching Procedure
(TCLP) analyses, which may not be
representative of actual CCW leachate.
Comparisons with recent (2006) studies of coal
ash leaching processes show very good
agreement for arsenic. However, although the
selenium CCW data are within the range of the
2006 data, some of the higher concentrations
in the 2006 data are not represented by the
TCLP data. This suggests that selenium risks
may be underestimated, which is consistent
with selenium as a cause for CCW damage
cases.

» Limited CCW leachate data. Because of a
high proportion of nondetect values® and a
limited number of measurements, mercury
could not be addressed in the CCW risk
assessment for landfills or surface
impoundments, and antimony and thallium
could not be assessed in surface
impoundments. Mercury levelsin leachate
were measured in EPA’ s 2006 leaching study
and suggest alimited concern for mercury for
the CCW leachates investigated, but additional
work is needed to extend these resultsto all
CCW disposal facilities.

= Clean Air Interstate Rule (CAIR) and Clean
Air Mercury Rule (CAMR) impacts. While
CAIR and CAMR will reduce air emissions of
mercury and other metals from coal-fired
power plants, mercury and other more volatile
metals will be transferred from the flue gasto
fly ash and other air pollution control residues,
including the sludge from wet scrubbers. EPA
is conducting research on how much total
mercury will increase in CCW from the use of
mercury controls, as well as how the
leachability of mercury and other metals will
be impacted. Preliminary results suggest that
the impacts on mercury leaching will depend
on the mercury control process.

= Arsenic speciation. The current model does
not speciate metal's during subsurface

® Nondetect values are measurements where the
concentration of a constituent is below the level that the
analytical instrument can detect. The actual level could
range from zero to just below the detection limit.
Nondetects for constituents other than mercury were
modeled at one-half the detection limit for thisrisk analysis.
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transport. Damage cases and other studies
suggest that arsenic readily converts from
arsenic 11 in CCW leachate to the less mobile
arsenic V in soil and groundwater. However,
model runs conducted for both species suggest
that the differencein risk between the two
speciesis only about afactor of 2 at the 90th
percentile risk level, which is not enough to
bring arsenic risks below the risk criteria.

Uncertainties that EPA does not have enough

data at this time to evaluate with respect to CCW
risk results include the following:

Waell distance. Nearest well distances were
taken from a survey of municipal solid waste
(MSW) landfills because data were not
available from CCW sites. EPA believes that
thisis a protective assumption because MSW
landfills generally tend to be in more populated
areas, but there are little data available to test
this hypothesis.

Liner performance. Liner design and
performance for CCW WMUs were based on
data and assumptions EPA developed to be
appropriate for municipa and nonhazardous
industrial waste landfills. EPA believes that
CCW landfills should have similar
performance characteristics, but does not have
guantitative data on CCW WMU linersto
verify that.

Data gapsfor ecological receptors. Data
were insufficient to develop screening levels

and quantitative risk estimates for terrestrial
amphibians, but EPA acknowledges that
damage cases indicate risk to terrestrial
amphibians through exposure to selenium
(e.g., Hopkins et a., 2006).

= Ecosystemsand receptorsat risk. Certain
critical assessment endpoints were not
evaluated in this analysis, including impacts on
managed lands, critical habitats, and threatened
and endangered species. These would be
addressed through more site-specific studies on
the proximity of these areas and species to
CCW disposal units.

= Synergistic and additiverisk. Theimpact of
exposures to multiple contaminants on human
and ecological risks was not evaluated in this
analysis. EPA recognizes that asingle-
constituent analysis may underestimate risks
associated with multiple chemical exposures.
The risk assessment also does not add risks
across pathways (i.e., risks from drinking
water and fish consumption), but EPA does not
think that doing so would change the results
markedly because the constituents of concern
differ between pathways.

EPA recognizes that uncertainties in mercury
levelsin CCW leachate, both with and without the
CAIR/CAMR mercury controls, represent a
potentially significant gap in our knowledge of
CCW risks.
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1.0 Introduction

1.1 Background

The U.S. Environmental Protection Agency (EPA) has evaluated the human health and
environmental risks associated with coal combustion waste (CCW) management practices,
including disposal in landfills and surface impoundments. In May 2000, EPA determined that
regulation as hazardous wastes under Subtitle C of the Resource Conservation and Recovery Act
(RCRA) was not warranted for certain CCWSs, but that regulation as nonhazardous wastes under
RCRA Subtitle D was appropriate. However, EPA did not specify regulatory options at that time.
This risk assessment was designed and implemented to help EPA identify and quantify human
health and ecological risks that may be associated with current management practices for high-
volume CCWSs. These wastes are fly ash, bottom ash, boiler slag, and flue gas desulfurization
(FGD) sludge, along with wastes from fluidized-bed combustion (FBC) units and CCWs
codisposed with coal refuse. Thisrisk assessment will help EPA develop CCW management
options for these high-volume waste streams. Details on EPA’s CCW work to date can be found
at http://www.epa.gov/epaoswer/other/fossil/index.htm.

Note that the full-scale risk assessment described in this report was mostly conducted in
2003, meaning that the data collection efforts to support the risk assessment were based on the
best information available to EPA at that time. As aresult, more recent Agency efforts to
characterize CCW wastes and management practices, such as the joint EPA and U.S. Department
of Energy (DOE) survey of CCW waste management units (WMUSs) (U.S. DOE, 2006) and
EPA’ s recent study of CCW chemistries and leaching behavior (U.S. EPA, 2006), were not
considered in the main analysis phase of this risk assessment. However, these more recent efforts
are discussed as part of the risk characterization, and EPA is currently evaluating how to best
incorporate and address the results and findings of these studies in future efforts to address CCW
management practices.

The Agency is making the risk analysis document available in the Docket* to allow
interested parties to submit comments on the analytical methodology, data, and assumptions used
in the analysis and to submit additional information for the Agency to consider. In addition, the
risk assessment will undergo independent scientific peer review by experts outside EPA
following closure of the public comment period. Public comments will be made available to the
peer reviewers for their consideration during the review process. The peer review will focus on
technical aspects of the analysis, including the construction and implementation of the Monte
Carlo analysis, the selection of models to estimate the release of constituents found in CCW from
landfills and surface impoundments and their subsequent fate and transport in the environment,
and the characterization of risks resulting from potential exposures to human and ecol ogical
receptors. As appropriate, EPA will update this analysis based on both public and peer-review
comments.

! Available at http:www.regulations.gov; docket number EPA-HQ-RCRA-2006-0796.
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1.2 Purposeand Scope of the Risk Assessment

The purpose of thisrisk assessment isto identify CCW constituents, waste types,
exposure pathways, and receptors that may produce risks to human and ecological health, and to
provide information about those scenarios that EPA can use to devel op management options for
CCW management.

The scope of thisrisk assessment is utility CCWs managed onsite at utility power plants.
EPA’ s Report to Congress: Wastes from the Combustion of Fossil Fuels (U.S. EPA, 1999a)
reports that there are 440 coal-fired utility power plantsin the United States. Although these
plants are concentrated in the East, they are found in nearly every state, with facility settings
ranging from urban to rural. The large volumes of waste generated by these plants are typically
managed onsite in landfills and surface impoundments. This risk assessment was designed to
develop national human and ecological risk estimates that are representative of onsite CCW
management settings throughout the United States.

1.3 Overview of Risk Assessment M ethodology

To estimate the risks posed by the onsite management of CCW, this risk assessment
estimated the release of CCW constituents from landfills and surface impoundments, the
concentrations of these constituents in environmental media surrounding coal-fired utility power
plants, and the risks that these concentrations pose to human and ecological receptors.

The size, design, and locations of the onsite CCW landfills and surface impoundments
modeled in this risk assessment are based on datafrom a national survey of utility CCW disposal
conducted by the Electric Power Research Institute (EPRI) in 1995 (EPRI, 1997). Datafrom this
survey on facility area, volume, and liner characteristics were used in the CCW risk assessment
because they were the most recent and complete data set available at the time the risk assessment
was conducted (2003). However, as shown in Table 1-1, the EPA/DOE study conducted since
then (U.S. DOE, 2006) shows a much higher proportion of lined facilities than do the 1995 EPRI
data.

Table 1-1. Liner Prevalencein EPRI and DOE Surveys

Surface
Liner Type Landfills I mpoundments
1995 EPRI Survey* — 181 facilities
Unlined 40% 68%
I[_ c|Ir;§/d aﬁ:gr;aﬁt;?;)lay or composite 60% 3004
2004 DOE Survey® — 56 Facilities
Unlined 3% 0%
I[_ cllr;;d a(rcl:grsr;/?]?(k:]tg?c?)lay or composite 97% 100%
2 EPRI (1997)

® U.S. DOE (2006)
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The releases, and hence media concentrations and risk estimates, are based on leaching to
groundwater, wind and water erosion, and overland transport. This analysis does not address
direct releases to surface water, which are permitted under the National Pollutant Discharge
Elimination System (NPDES) of the Clean Water Act. Thus, the estimated media concentrations
and risks do not take into account contributions from NPDES-permitted releases, including
discharges due to flooding or heavy rainfall.

To evaluate the significance of the estimated risks, the risk criteria adopted for this
assessment are

= Anestimate of the excess lifetime cancer risk for individuals exposed to carcinogenic
(cancer-causing) contaminants of 1 chance in 100,000 (10 excess cancer risk)?

= A measure of safeintake levelsto predicted intake levels, a hazard quotient (HQ)
greater than 1 for constituents that can produce noncancer human health effects (an
HQ of 1 isdefined as the ratio of a potential exposure to a constituent to the highest
exposure level at which no adverse health effects are likely to occur)

=  AnHQ greater than 1 for constituents with adverse effects to ecological receptors.

In 1998, EPA conducted arisk assessment for fossil fuel combustion wastes (which
include CCWs) to support the May 2000 RCRA regulatory determination (U.S. EPA, 1998a,b).
Since then, EPA has added to the waste constituent database that was used in that effort,
expanding the number of leachate and total waste analyses for 41 CCW constituents. The CCW
risk assessment subjected these waste and leachate constituent concentrations to the tiered risk
assessment methodology illustrated in Figure 1-1. This methodology implemented the following
steps to assess the human and ecological risk of CCWs:

= Hazard Identification, which collected existing human health and ecological
benchmarks for the CCW constituents. Only constituents with benchmarks move on
to the next step, constituent screening.

= Constituent Screening, which compared very conservative estimates of exposure
concentrations (e.g., whole waste concentrations, leaching concentrations) to health-
based concentration benchmarks to quickly and simply identify constituents and
exposure pathways with risks below the screening criteria.

= Full-Scale Analysis, which characterized at a national level the human health and
ecological risks for constituents in CCW disposed onsite in landfills and surface
impoundments using a site-based Monte Carlo risk analysis.

This document focuses on the full-scale Monte Carlo analysis. Constituent screening results are
also presented as part of the problem formulation discussion, along with asummary of the
screening methodology.

2 Thetypical cancer risk range used by the Office of Solid Waste and Emergency Responseis 10“to 10°°. In
hazardous waste listings, the point of departure for listing awaste is 10°°.
® Details on the CCW constituent screening analysis can be found in U.S. EPA (2002a).
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CCW constituent data

Hazard
Identification

Constituents with
benchmarks

Screening
Analysis

Constituents with
no benchmarks

Constituents with Constituents with
no risks above risks above
criteria criteria

Full-Scale
Analysis

/ Constituents, pathways, scenarios exceeding risk criteria /

47 Constituents, pathways, scenarios not exceeding risk criteria /

Figure 1-1. Overview of coal combustion waste risk assessment.
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1.3.1 Waste Management Scenarios

The full-scale analysis was designed to characterize waste management scenarios based
on two waste management options (disposal of CCW onsite in landfills and in surface
impoundments) and three waste types, as follows:

= Conventional CCW, which includes fly ash, bottom ash, boiler slag, and FGD
sludge

» Codisposed CCWsand coal refuse,* which are more acidic than conventional
CCWs due to sulfide mineralsin the mill rejects

= FBC wastes, which include fly ash and the fluidized bed ash, and which tend to be
more alkaline than conventional CCW because of the limestone mixed in during
fluidized bed combustion.

Conventional CCW and codisposed CCW and coal refuse are typically disposed of in
landfills and surface impoundments that can be lined with clay or composite liners. FBC wastes
are only disposed of in landfills in the United States; therefore, surface impoundment disposal
was not modeled for FBC waste.

These three waste types, two waste management options, and three liner conditions
(unlined, clay-lined, composite-lined) modeled in this analysis provide a good representation of
CCW disposal practices and waste chemistry conditions that affect the release of CCW
constituents from WMUSs.

1.3.2 Approach

The full-scale analysis was implemented using a site-based probabilistic approach that
produces a distribution of risks or hazard for each receptor by allowing the values of some of the
parameters in the analysisto vary. This approach isideal for this risk assessment because there
are many CCW facilities across the United States, and a site-based approach can capture both the
variability in waste management practices at these facilities and the differencesin their
environmental settings (e.g., hydrogeology, climate, hydrology). This probabilistic approach was
implemented through seven primary steps.

Problem For mulation

1. Characterize the CCW constituents and waste chemistry, along with the size and liner
status of the WMUs in which each waste stream may be managed

2. Characterize the environmental settings for the sites where CCW landfills and surface
impoundments are located

* Coal refuseisthe waste coal produced from coal handling, crushing, and sizing operations, and tends to have a
high sulfur content and low pH from high amounts of sulfide minerals (like pyrite). In the CCW constituent
database, codisposed coal refuse includes “ combined ash and coal gob,” “combined ash and coal refuse,” and
“combined bottom ash and pyrites.”
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3. ldentify scenarios under which contaminants are released from a WMU and
transported to a human receptor

Analysis

4. Predict the fate and transport of constituents in the environment once they are
released from the WMUs at each site

5. Quantify the exposure of human and ecological receptors to the contaminant in the
environment and the risk associated with this exposure

Risk Characterization

6. Estimate the risk to receptors from the exposure and characterize thisrisk in terms of
exposure pathways, health effects, and uncertainties

7. ldentify the waste disposal scenarios and environmental conditions that pose risks to
human health or the environment that are above therisk criteria. Evaluate risks at the
50th and 90th percentiles.

1.4 Document Organization

This document is organized into the following sections:

= Section 2, Problem For mulation, describes how the framework for the full-scale
analysis was developed, including identification of the waste constituents, exposure
pathways, and receptors of concern; selection and characterization of waste
management practices and sites to model; and development of the conceptual site
models for the modeling effort.

= Section 3, Analysis, describes the probabilistic modeling framework and the models
and methods used to (1) estimate constituent releases from CCW landfills and surface
impoundments (source models), (2) model constituent concentrationsin the
environmental media of concern (groundwater and surface water), (3) calculate
exposure, and (4) estimate risk to human and ecological receptors.

= Section 4, Risk Characterization, characterizes the human health and environmental
risks posed by CCW, including (1) discussion of the methods used to account for
variability and uncertainty and (2) identification of the scenarios and conditions that
result in risks above the risk criteria. Results are presented as national estimates for
CCW landfills and CCW surface impoundments, as well as by waste type and liner
status. For risk exceedances, this section identifies the CCW constituents and
pathways that exceed the risk criteria, along with any factors (such as liners or facility
environmental setting) that might result in higher or lower risk levels. Finally, the risk
characterization evaluates the risk results in light of more recent research on CCW
waste management practices and the environmental behavior of CCW constituents.
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Section 1.0 Introduction

The first three appendices provide detailed information on how wastes, WMUSs, and
settings were characterized for the risk assessment. Appendix A describes the chemical
characteristics of the wastes disposed in the WMUSs, including the CCW leachate concentration
distributions used. Appendix B describes how EPA characterized the WM Us (landfills and
surface impoundments), including surface area, capacities, geometry, and liner status. Appendix
C presents the methodol ogies and data used to characterize the environmental setting at each
CCW site, including delineating the site layout and determining the environmental setting (e.g.,
meteorology, climate, soils, aquifers, and waterbodies).

The remaining appendices provide detailed information on the specific models and data
used to calculate risk, including the nonlinear sorption isotherms (Appendix D), the surface
water fate and transport and intake equations (Appendix E), the exposure factors (Appendix F),
and benchmarks for human health (Appendix G) and ecological risk (Appendix H).
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Section 2.0 Problem Formulation

2.0 Problem Formulation

The full-scale CCW risk assessment is intended to evaluate, at a national level, risk to
individuals who live near WMUs used for CCW disposal. This section describes how the
conceptual framework for the full-scale risk assessment was developed, including

= Constituent selection and screening to identify the CCW constituents, exposure
pathways, and receptors to address in this analysis (Section 2.1.1)

= Location and characterization of the CCW landfills and surface impoundments to be
modeled as the sources of CCW contaminants in the site-based analysis
(Section 2.1.2)

= The conceptual site model used to represent CCW disposal facilities (Section 2.2)

= The general modeling approach and scope (Section 2.3), including data collection,
fate and transport modeling to estimate exposure point concentrations, exposure
assessment, and the calculation of risks to human and environmental receptors.

2.1 Source Characterization

The main technical aspects of the CCW risk assessment were completed in 2003, and the
waste management scenarios modeled in this assessment are based on the best data on industry
operations and waste management practices that were available at that time. These data sources
include a 1995 industry survey on CCW management practices (the EPRI comanagement survey
[EPRI, 1997]) and data collected from a variety of sources before the 2003 risk assessment (e.g.,
EPA’s CCW constituent database). Since 2003, DOE and EPA have completed a survey to
characterize CCW waste disposal practices from 1994 to 2004, with a focus on new facilities or
facility expansions completed within that same time frame (U.S. DOE, 2006). Although these
newer data were not available when this risk assessment was conducted, they are discussed in the
risk characterization (Section 4) as an uncertainty with respect to how well the risk assessment
represents current WMU liner conditions.

This risk assessment provides a national characterization of waste management scenarios
for wastes generated by coal-fired utility power plants. The sources modeled in these scenarios
are onsite landfills and surface impoundments, which are the primary means by which CCW is
managed in the United States. The characterization of these sources, in terms of their physical
dimensions, operating parameters, location, environmental settings, and waste characteristics, is
fundamental to the construction of scenarios for modeling. This section describes how the coal
combustion waste streams and management practices were characterized (based on the above
data sources) and screened to develop the waste disposal scenarios modeled in the full-scale
analysis.

Draft EPA document. Do not cite or quote. 2-1



Section 2.0 Problem Formulation

2.1.1 Identification of Waste Types, Constituents, and Exposur e Pathways

To identify the CCW constituents and exposure pathways to be addressed in this risk
assessment, we relied on a database of CCW analyses that EPA had assembled over the past
several years to characterize whole waste and waste leachate from CCW disposal sites across the
country (see Appendix A). The 2003 CCW constituent database includes all of the CCW
characterization data used by EPA in its previous risk assessments, supplemented with additional
data collected from public comments, data from EPA Regions and state regulatory agencies,
industry submittals, and literature searches up to 2003.

The CCW constituent database represents a significant improvement in the quantity and
scope of waste characterization data available from the 1998 EPA risk assessment of CCWs
(U.S. EPA, 1998a,b). For example, the constituent data set used for the previous risk assessments
(U.S. EPA, 1999a) covered approximately 50 CCW generation and/or disposal sites. With the
addition of the supplemental data, the 2003 CCW constituent database covers approximately 140
waste disposal sites.' The 2003 database also has broader coverage of the major ion
concentrations of CCW leachate (e.g., calcium, sulfate, pH).

2111 Waste Types

Comments received by EPA on the previous CCW risk assessment pointed out that the
analysis did not adequately consider the impacts of CCW leachate on the geochemistry and
mobility of metal constituents in the subsurface. Commenters stated that given the large size of
the WMUSs and the generally alkaline nature of CCW leachate, it is likely that the leachate
affects the geochemistry of the soil and aquifers underlying CCW disposal facilities, which can
impact the migration of metals in the subsurface.

To address this concern, EPA statistically evaluated major ion porewater data from the
CCW constituent database for the waste streams shown in Table 2-1. Based on this analysis and
prevalent comanagement practices, EPA grouped the waste streams into three statistically
distinct categories: conventional CCW (ash and FGD sludge) (moderate to high pH); codisposed
CCW and coal refuse (low pH); and FBC waste (high pH). As shown in Table 2-1, each of these
waste types includes several waste streams that are usually codisposed in landfills or surface
impoundments.

Along with the type of WMU (landfill or surface impoundment), the three waste types in
Table 2-1 define the basic modeling scenarios to be addressed in the full-scale analysis. To
characterize these waste types, the CCW constituent database was queried by waste type to
develop the waste concentration data for the constituents and the major ion and pH conditions
used to develop waste-type-specific metal sorption isotherms (see Appendix D for a more
extensive discussion of the development of CCW waste chemistries and metal sorption
isotherms).

' Although EPA believes that the 140 waste disposal sites do represent the national variability in CCW
characteristics, they are not the same sites as in the EPRI survey. During full-scale modeling, data from the CCW
constituent database were assigned to each EPRI site based on the waste types reported in the EPRI survey data.
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Table 2-1. Waste Streamsin CCW Constituent Database

Number of Sites by Waste Type®
Surface
Waste Type L andfill I mpoundment Total
Waste Streams L eachate Por ewater Waste’
Conventional CCW 97 13 62
Ash (not otherwise specified) 43 0 30
Fly ash 61 2 33
Bottom ash and slag 24 3 23
Combined fly and bottom ash 7 4 4
FGD sludge 6
Codisposed Ash & Coal Refuse 9 5 1
FBC Waste 58 0 54
Ash (not otherwise specified) 18 0 10
Fly ash 33 0 32
Bottom and bed ash 26 0 25
Combined fly & bottom ash 20 0 22

* Number of sites by waste type from leachate, porewater, and whole waste data tables
in the 2003 CCW constituent database.
® Whole waste concentration data.

2.1.1.2 Congtituentsand Pathways

The CCW constituent database contains data on more than 40 constituents. During the
hazard identification step of the CCW risk assessment, constituents of potential concern were
identified from this list of constituents by searching EPA and other established sources for
human health and ecological benchmarks (e.g., Agency for Toxic Substances and Disease
Registry [ATSDR]; see U.S. EPA, 2002a, for a full list of sources). Table 2-2 shows the results
of that search for each constituent. Benchmarks were found for 26 chemicals in the constituent
database. Constituents without human health or ecological benchmarks were not addressed
further in the risk analysis.”

To further narrow down the list of constituents, a screening analysis (U.S. EPA, 2002a)
was conducted that compared very conservative estimates of exposure concentrations (e.g.,
whole waste concentrations, leaching concentrations) to health-based concentration benchmarks
to quickly, simply, and safely identify constituents and exposure pathways with risks that clearly
do not exceed the risk criteria so that these could be eliminated from further analysis. For
example, leachate concentrations were compared directly to drinking water standards, which is
equivalent to assuming that human receptors are drinking leachate. The technical background
document for the CCW screening analysis (U.S. EPA, 2002a) provides further detail on the

The CCW constituents without benchmarks are limited to common elements, ions, and compounds (e.g., iron,
magnesium, phosphate, silicon, sulfate, sulfide, calcium, pH, potassium, sodium, carbon, sulfur) that were used to
determine overall CCW chemistries modeled in the risk assessment (see Section 3). Although some of these
chemicals or parameters (e.g., pH, sulfate, phosphate, chloride) can pose an ecological hazard if concentrations
are high enough, they were not addressed in this risk assessment.
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Table 2-2. Toxicity Assessment of CCW Constituents

Congtituent | CASID | HHB® | EcoB® Constituent | CASID | HHB* | EcoB®
Metals Inorganic Anions

Aluminum 7429-90-5 v v Chloride 16887-00-6
Antimony 7440-36-0 v v Cyanide 57-12-5 v
Arsenic 7440-38-2 v v Fluoride 16984-48-8 v
Barium 7440-39-3 v v Nitrate 14797-55-8 v
Beryllium 7440-41-7 v v | Nitrite 14797-65-0 v
Boron 7440-42-8 v v Phosphate 14265-44-2
Cadmium 7440-43-9 v 4 Silicon 7631-86-9
Chromium 7440-47-3 v v Sulfate 14808-79-8

Cobalt 7440-48-4 v v Sulfide 18496-25-8

Copper 7440-50-8 ve v Inorganic Cations

Iron 7439-89-6 Ammonia 7664-41-7 v
Lead 7439-92-1 v° v Calcium 7440-70-2
Magnesium 7439-95-4 pH 12408-02-5
Manganese 7439-96-5 v Potassium 7440-09-7

Mercury 7439-97-6 4 4 Sodium 7440-23-5
Molybdenum | 7439-98-7 v v Nonmetallic Elements

Nickel 7440-02-0 v v Carbon 7440-44-0

Selenium 7782-49-2 v v Sulfur 7704-34-9

Silver 7440-22-4 v 4 Measurements

Strontium 7440-24-6 4 Total Dissolved Solids none

Thallium 7440-28-0 v v Total Organic Carbon none

Vanadium 7440-62-2 4 4 Dissolved Organic Carbon | none

Zinc 7440-66-6 4 4

* HHB = human health effect benchmark

® EcoB = ecological benchmark

Known carcinogen (for chromium VI, inhalation only); although arsenic can act as both a carcinogen and a
noncarcinogen, the cancer risk exceeds the noncancer risk at any concentration, so we used the more protective
cancer benchmark for human health throughout this assessment.

Probable carcinogen

¢ Safe Drinking Water Act Action Level only

c

screening analysis. As detailed there, the risks for all above-ground pathways analyzed (soil
ingestion, inhalation, gardening, beef and dairy, and erosion and overland transport) for human
receptors did not exceed the screening criteria for any constituent, so they were not considered
any further in the risk assessment. The above-ground pathway risks for ecological receptors also
did not exceed the screening criteria except for boron and selenium. Boron, which showed risks
above the risk criterion in above-ground pathways due to plant toxicity in the CCW screening
analysis, has been shown to be toxic to plants (Carlson and Adriano, 1993). Selenium has shown
toxicity to terrestrial amphibians via above-ground pathways (Carlson and Adriano, 1993;
Hopkins et al., 2006). Because the risks posed by these CCW constituents to ecological
communities via above-ground pathways is well documented in damage cases and field studies
(see above references and U.S. EPA, 2007), we did not believe that a full-scale above-ground
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pathway analysis was necessary to confirm this conclusion for two constituents. Thus, the full-
scale risk assessment did not include any above-ground pathways, only groundwater pathways.

The groundwater-to-drinking-water and groundwater-to-surface-water pathways (human
fish consumption and ecological risks) did show risks above the screening criteria for several
CCW constituents in the screening analysis. Table 2-3 lists the 21 constituents that had 90th
percentile screening analysis groundwater pathway risks greater than a cancer risk of 1 in
100,000 or a noncancer risk with an HQ greater than 1 for human health and 10 for ecological
risk.” Note that mercury was not addressed in the screening or full-scale analysis because of a
very high proportion of nondetects in the CCW constituent database. Similarly, a high number of
nondetects (or a very low number of measurements) prevented screening or full-scale analysis
for antimony, thallium, and cobalt in surface impoundments. The uncertainties associated with
these limited analytical results are discussed in Section 4.4.3.1.

Resources did not allow full-scale modeling to be conducted for all 21 constituents that
had 90th percentile risks above the screening criteria. To reduce the number of constituents to
be modeled, those constituents were ranked and divided into two groups to focus the full-scale
analysis on the CCW constituents that were likely to pose relatively higher risks to human and
ecological receptors. The ranking was based on the magnitude of the HQs and the number of
HQs exceeding the screening criteria, and was used to select chemicals for full-scale modeling.
Constituents with at least one human health HQ greater than 6 or with ecological HQs greater
than 100 for both landfills and surface impoundments were modeled. Arsenic, with cancer risks
greater than 1 in 1,000, exceeded the cancer risk criterion by a factor of 100 and was also
modeled in the full-scale analysis. Constituents with no human health HQs greater than 6 and
only one or no ecological HQs greater than 100 were not modeled, but were addressed in a
separate analysis using results from the modeled constituents.

Table 2-3 shows the 21 constituents and which of these constituents exceeded the
screening criteria and thus were modeled in the full-scale analysis. As shown, 12 constituents
were subjected to the full-scale probabilistic risk assessment described in this document. Nine
constituents did not exceed the screening criteria and were addressed using risk factors
developed from comparing the screening and full-scale results for the modeled constituents, as
described in Section 4.1.5 of this document.

2.1.2 Waste Management Scenarios

The full-scale CCW risk assessment models landfills and surface impoundments
managing wastes onsite at coal-fired utility power plants. Because EPA selected a site-based
modeling approach for the full-scale analysis, it was necessary to locate these disposal sites
across the country to provide the spatial foundation for this analysis. It was also necessary to
characterize CCW WMUs to define the scope for source modeling.

> An HQ of 10 was used for screening ecological risks to account for conservatism of ecological benchmarks and
exposure estimates used in the screening analysis (see Section 4.4.3.4).
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Table 2-3. Screening Analysis Results: Selection and Prioritization
of CCW Constituentsfor Further Analysis®

Human Health — Human Health — Ecological Risk -
Drinking Water Surface Water”® Surface Water
LFHQ Sl HQ LFHQ SI HQ
(Cancer (Cancer (Cancer (Cancer LF Sl
Constituent Risk) Risk) Risk) Risk) HQ HQ
Constituents Modeled in Full-scale Assessment
Carcinogen
Arsenic® | (L40%) | (18x10%) | (22x10%) | (L7x10% | 49 | 640
Noncar cinogens
Boron 4.0 28 - - 6,600 47,000
Cadmium 34 8.9 1.4 3.7 20 52
Lead 16 12 - - 790 590
Selenium 1.2 2.4 4.7 9.5 35 71
Thallium 21 19 6.3 5.7 - -
Aluminum - - - - 120 270
Antimony 22 5.5 - - - -
Barium - - - - 400 75
Cobalt - 11 - - - 270
Molybdenum 4.2 6.8 - - - -
Nitrate/ Nitrite -/1.2 60/1.2 - - - -
Constituents Not Modeled in Full-scale Assessment®
Noncar cinogens
Chromium VI 2.3 4.2 - - 18 33
Fluoride 1.8 5.2 - - - -
Manganese 1 5.6 - - - -
Vanadium 2.2 2.3 - - 23 24
Beryllium - - - - 24 -
Copper - - - - 16 31
Nickel - 1.3 - - - 14
Silver - - - - 110 14
Zinc - - - - 16 -
HQ = screening hazard quotient.
LF = landfill.
SI = surface impoundment.

* A dash in a cell indicates that the screening HQ was less than 1 (or 10 for ecological risk), so the
risk did not exceed the screening criteria for the indicated pathway.

® Fish consumption pathway.

¢ Although arsenic can act as both a carcinogen and a noncarcinogen, the cancer risk exceeds the
noncancer risk at any concentration, so we used the more protective cancer benchmark for human
health throughout this assessment.

4 These constituents were addressed using risk attenuation factors developed from full-scale results
from modeled constituents (see Section 4.1.5).
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Two primary sources of data on these were used to characterize this population:

= 1998 Energy Information Agency (EIA) data on coal-fired power plants, which
identifies approximately 300 coal-fired power plants with onsite waste management

= The 1995 EPRI waste comanagement survey (EPRI, 1997), which contains detailed
WMU data (i.e., area, capacity, liner status, and waste type) for 177 of those
facilities.”

Because of the completeness of the WMU data from the EPRI survey, the EPRI data were used
to establish the plant locations and WMU data for the full-scale modeling effort for conventional
CCW’ and CCW codisposed with coal refuse.

Although there is a good amount of FBC data in the constituent database (58 sites; see
Table 2-1), there were only 3 FBC landfill sites in the EPRI database and 4 additional sites added
by EPA for a total of 7 FBC sites with data on onsite WMUs. Because EPA believes that this
small sample is not sufficient to represent the universe of FBC disposal units and, if included in
the overall analysis, could bias the Monte Carlo results towards the environmental conditions
around these few landfill units, FBC waste were addressed separately from the more
conventional CCW types in the full-scale analysis and are not included with the conventional
and codisposal CCW management scenarios in the overall results. Section 4.1.3 compares the
risk results for each of these waste types, including FBC.

Table 2-4 shows how the plants are distributed across the waste type/WMU scenarios
modeled in the full-scale analysis. The distribution across the waste type/WMU scenarios, the
geographic distribution of these facilities, and the size and liner status of the WMUSs were
assumed to be representative of all onsite CCW landfills and surface impoundments in the
continental United States as of 1995. As mentioned previously, DOE and EPA have conducted a
newer survey on CCW disposal facilities (U.S. DOE, 2006), but the scope of this survey was not
as comprehensive as the EPRI survey (e.g., WMU areas and capacity data were not collected).
EPA does not believe that the number and locations of onsite CCW landfills and surface
impoundments has changed significantly since 1995, although liners are more prevalent in the
newer facilities (see further discussion in Section 4.4.1). The DOE/EPA report (U.S. DOE, 20006)
supports this conclusion.

* Note that although there is overlap, the 140-site CCW constituent database described in Appendix A and the
EPRI survey used to characterize CCW landfills and surface impoundments were assembled under separate
efforts and represent different populations of disposal sites. As described in Section 3.1.3, these data sets were
sampled independently during the Monte Carlo analysis, and constituent data were not assigned to particular sites
except by waste type.

> Fly ash, bottom ash, boiler slag, and FGD sludge.
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Table 2-4. Coal Combustion Plantswith Onsite CCW WM Us M odeled in the Full-Scale

Assessment
Number of Plantsin 1995 EPRI Survey® with Onsite:
; Surface Either WMU
Waste Typeand Liner Status Landfills Impoundments Type®
Conventional CCW* 71 38 103
unlined 38 24 60
clay-lined 28 10 38
composite-lined 10 5 15
Codisposed CCW and coal refuse 38 65 100
unlined 20 52 69
clay-lined 10 11 21
composite-lined 9 2 11
FBC waste’ 7 - 7
unlined 3 3
clay-lined 3 3
composite-lined 1 1
All waste types 108 96 181

* EPRI (1997); note that some coal combustion plants have one or more onsite WMU .
® Number of coal combustion plants with onsite landfill(s), surface impoundment(s), or both.
¢ Fly ash, bottom ash, boiler slag, and FGD sludge.

¢ Includes 3 EPRI Survey FBC landfills plus 4 additional FBC landfills added by EPA. FBC was
treated separately in the full-scale assessment because of the small number of FBC sites.

2.2 Conceptual Mode

The waste stream/WMU combinations discussed above provide the waste management
scenarios to be evaluated in the risk assessment. The full-scale assessment used the EPRI survey
data to place these scenarios at actual onsite CCW disposal sites across the country. These sites
were used as the basis for a national-scale site-based Monte Carlo assessment of risks posed by
the onsite disposal of CCW at utility power plants across the United States.

2.2.1 Conceptual Site M odel

Figure 2-1 depicts the conceptual site model for CCW disposal that was the basis for the
national CCW risk assessment, including contaminant sources, exposure pathways, and
receptors. The CCW conceptual site model includes the following exposure pathways:

Human Health
= Groundwater to drinking water (drinking water ingestion)
= Groundwater to surface water (fish consumption)

Above-ground pathways, including soil ingestion, inhalation, and consumption of
produce, beef, and milk.
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Ecological Risk

* Groundwater to surface water

= Above-ground soil

= Above-ground contamination of surface water and sediment.

As described in Section 2.1.1, the CCW screening analysis addressed all of these
exposure pathways and receptors. Through that screening analysis, risks for all above-ground
pathways (shown in gray instead of black in Figure 2-1) fell below the screening criteria and
were not considered further in the full-scale risk assessment.’ This enabled EPA to focus full-
scale modeling on groundwater-to-drinking-water and groundwater-to-surface-water exposure
pathways (shown in black in Figure 2-1). This groundwater pathway analysis evaluates
exposures through drinking water ingestion and surface water contamination from groundwater
discharge. For the groundwater-to-surface-water pathway, the analysis assumes that human
exposure occurs through the consumption of contaminated fish and that ecological exposure
occurs through direct contact with contaminated surface water and sediment or from the
consumption of aquatic organisms.

2.2.2 Conceptual Site Layouts

This risk assessment was based on site layouts that are conceptual rather than site-
specific. Although we had plant locations and some site-specific data on WMUs, we did not have
the exact locations of each WMU or the residential wells surrounding each facility. Therefore,
we had to develop conceptual layouts to place receptors around each WMU.

The conceptual site layouts capture possible relationships between a WMU and human
and ecological receptors by locating, with respect to the WMU boundary, the geographic
features (i.e., receptor wells, waterbodies) that are important for determining human and
ecological exposures to chemicals released from CCW landfills and surface impoundments.

Two site layouts were used to model the land use scenarios of most concern for CCW
disposal facilities:

= Residential groundwater ingestion scenario
= Recreational fisher and aquatic ecological risk scenario.

Figures 2-2 and 2-3 show these two conceptual site layouts, including WMU boundaries,
waterbodies, and residential wells modeled in this analysis. In the conceptual site layouts, the
WMU is represented as a square source. The size of the source is determined by the surface area
of the WMU (CCW WMU areas were collected from the EPRI comanagement survey, as
described in Appendix B). The WMU is assumed to be located at the property line of the facility
to which it belongs.

6 Although the risks from the aboveground screening analysis did exceed the risk criteria for boron and selenium
in soil, to streamline the assessment, these compounds were not included in the full ecological assessment.
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Adjacent to the WMU is a buffer area within which there is assumed to be no human
activity that would present human risk (i.e., there are no residences or waterbodies in the buffer).
The buffer area lies between the WMU boundary and the residential well or waterbody, and
represents the distance to well or waterbody discharge point modeled by the groundwater model.
Each site layout must also be oriented in terms of direction.

Residential Groundwater-to-Drinking-Water Scenario

The residential groundwater-to-drinking-water scenario calculates exposure through
residential use of well water as drinking water. In the Monte Carlo analysis, the receptor well is
randomly placed up to 1 mile downgradient from the edge of the WMU (this radial well distance
is labeled Ry, in Figure 2-2), based on a nationwide distribution of nearest downgradient
residential wells from Subtitle D municipal landfills (U.S. EPA, 1988a; this distribution is
provided in Appendix C). EPA assumed that this distribution is relevant to onsite CCW landfills
and surface impoundments at coal-fired utility power plants, but does not have data on typical
distances (or the distributions of distances) of domestic drinking water wells from CCW disposal
facilities. (The potential impact on the results of this assumption is discussed in Section 4.4.3.3).

# Receptor Well

Waste

. Plume
___________________ >
Unit Centerline

Figure 2-2. Conceptual sitelayout for residential groundwater ingestion scenario.

The angle off the contaminant plume centerline (0., in Figure 2-2) was based on a
uniform distribution ranging from 0 to 90°. The depth of the well below the water table was set
within the groundwater model based on assumptions that are generally typical of average
conditions for surficial aquifers across the United States. These limits are discussed in
Section 3.4.3. In this assessment, receptors were always located within the lateral extent of the
plume.
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The soil and aquifer characteristics needed for the groundwater model were collected
using a site-based approach, as described in Appendix C.

Recreational Fisher and Ecological Risk Scenario

The recreational fisher’ scenario was used to estimate risks to recreational fishers (and
their children) who live near the CCW landfills and surface impoundments and catch and
consume fish from a waterbody located adjacent to the buffer. Note that the fisher’s residence is
not the same residence where the residential well is located, and therefore risks are not added
across the drinking water and fish consumption pathways.

The waterbody was assumed to be a stream or lake located downgradient from the WMU,
beginning where the buffer area ends (see Figure 2-3), and was also used as the most impacted
aquatic system for the ecological risk assessment. Waterbody characteristics were determined
based on site-specific, regional, or national data (as described in Appendix C), except for stream
length, which was determined by the width of the plume as it intersects the waterbody.

Buffer Area

Plume
Boundary

= A_ o

Stream
Length

Waste

ot Fisher Location /

Waterbody
(fisher, ecological risk)

~€——Distance to Stream ——>=

Figure 2-3. Conceptual sitelayout for residential fisher and
aquatic ecological risk scenario.

7 Only recreational fishers were considered because they represent the reasonable maximum exposed individuals
and because the streams, lakes, or rivers that are near CCW plants are not likely to be used by commercial fishing
operations.
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The downgradient distance to the surface water body was determined from a national
distribution developed by measuring this distance (using scaled U.S. Geological Survey [USGS]
maps and aerial photographs obtained from the Terraserver Web site [http://terraserver.usa.com/
geographic.aspx]) at 59 CCW landfill and surface impoundment sites randomly selected from a
larger data set of 204 CCW WMUs, including those modeled in this risk assessment.

Appendix C presents that distribution and further details on how the distribution was developed
and the sample of 59 facilities used to develop the distribution.

2.3 Analysis Scope and Design

Although the screening analysis identified the potential for risk for a subset of the
constituents reported in CCW, the conservative assumptions used precluded an accurate
quantitative estimate of these risks. To gain a better understanding of the risks that may be posed
by these constituents, EPA conducted a full-scale probabilistic (Monte Carlo) risk assessment to
estimate the national distribution of the risks to human health and the environment posed by
CCW disposal, and to provide the information needed to assess future management options for
these wastes in the context of their risks to human health and the environment. The full-scale
CCW Monte Carlo risk assessment was designed to characterize the national CCW risk profile in
terms of WMU type, waste type, and constituent, and to use distributions in a probabilistic
modeling framework to incorporate variability and uncertainty into the analysis.

The site-based approach used data about waste management practices and environmental
conditions at 181 utility CCW disposal sites across the United States.® These sites were assumed
to represent the universe of CCW onsite waste disposal sites at the time of the EPRI survey
(1995) and defined the national framework for the risk assessment. As described in
Appendices B and C, site-specific data for the following model inputs were collected for these
sites and used in the risk assessment:

=  WMU dimensions

=  WMU liner status (unlined, clay liner, composite liner)

=  Waste type (conventional CCW, CCW codisposed with coal refuse, and FBC wastes)
= Geology (aquifer type)

= Soil texture

= Climate (precipitation, infiltration)

= Surface water type and flow conditions.

One question related to this risk assessment is how CCW facilities may have changed in
the decade since the 1995 EPRI survey. Although the DOE/EPA survey does not include all of

¥ These 181 sites include177 sites from the EPRI survey and 4 additional CCW sites added by EPA to better
represent FBC waste disposal facilities; see Section 2.1.2.
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the data needed to conduct a risk assessment (WMU area and capacity data were not collected),
liner conditions were addressed, and by comparing the DOE/EPA survey results to the EPRI data
one can assess how liner conditions changed as CCW facilities were built or expanded over the
past decade. The 56 WMU s surveyed in the U.S. DOE (2006) study were commissioned between
1994 and 2004. Although the actual number of WMUSs that were established in that timeframe
cannot be verified, based on proxy data (i.e., CCW available for disposal in those states with
identified new WMUs and coal-fired power plant generating capacity), the sample coverage is
estimated to be at least between 61 to 63 percent of the total population of the newly
commissioned WMUs.” With the exception of one landfill, the newly constructed facilities are
all lined, with either clay, synthetic, or composite liners. The single unlined landfill identified in
the recent DOE report receives bottom ash, which is characterized as an inert waste by the state,
and therefore, a liner is not required. There is a marked trend away from unlined WMUs in favor
of lined units, with a distinct preference for synthetic or composite liners. Comparison of the 26
coal combustion plants in both the EPRI survey and the DOE/EPA survey (U.S. DOE, 2006)
shows that although most of those facilities (17 of 26) were using unlined WMUSs in 1995, all 26
are now placing wastes in new or expanded landfills or surface impoundments that are lined with
clay, synthetic, or composite liners. However, it is likely that the older unlined units were closed
with wastes in place, and that these wastes therefore still pose a threat through groundwater
pathways. In addition, the available data cannot be used to determine the number of unlined
units that continue to operate in the United States.

Because site-specific data were not readily available for depth to groundwater or receptor
location (i.e., distances to nearest drinking water well and surface waterbody), national
distributions for those inputs taken from a national hydrogeologic database (Newell et al., 1989
and 1990) developed to support EPA’s national groundwater risk assessments were used in the
Monte Carlo analysis to characterize the national variability of receptor distances (see
Appendix C). This enabled EPA to assess the importance of those variables for the national risk
distribution for individuals with reasonable maximum exposure to CCW.

The full-scale assessment was conducted using several modeling components: (1) EPA’s
Composite Model for Leachate Migration with Transformation Products (EPACMTP; U.S. EPA,
1997a) groundwater model, (2) a simple steady-state surface water and aquatic food web model,
and (3) a multipathway exposure and risk modeling system.

2.3.1 Data Collection

For the sites representing each WMU and waste type combination selected for analysis,
the Monte Carlo analysis begins with input files that contain, for each Monte Carlo realization,
the following site-based variables:

=  WMU area, depth, and capacity

=  WMU liner status

® For additional details as to how these estimates were derived, the reader is referred to the DOE study, pages S-2
to S-3 of the Summary Section and Section 3.1.2.
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= Soil texture (for vadose zone properties and infiltration rates)
» Soil pH and organic carbon

= Aquifer type

= Groundwater temperature

= Climate center (for infiltration rates)

= USGS Hydrologic Region (for surface water quality data)

= Surface water flows.

CCW constituent data in the CCW constituent database were used as a national empirical
distribution of the concentrations of the constituents of concern in CCW landfill leachate and
surface impoundment porewater. Like the WMU database, the CCW constituent data include
WMU type and waste type, which enabled constituent concentrations to be assigned to the 181
CCW sites by waste type and WMU type. The CCW constituent database was also used to assign
(by waste type) the high, medium, and low leachate pH and ionic strength conditions needed to
select the appropriate subsurface sorption isotherms for each model run (see Appendix D).

National distributions were used to populate the following variables by model run:
= Distance to nearest drinking water well
= Distance to nearest surface waterbody

= Agquifer depth, thickness, gradient, and hydraulic conductivity (based on site-specific
hydrogeologic setting)

= Soil hydrologic properties (based on site-specific soil type).

The data sources used to develop national distributions for these variables are described in
Appendix C. Human exposure factors, such as exposure duration and drinking water and fish
consumption rates, were also based on national distributions, which are provided in Appendix F.

2.3.2 Mode Implementation

As a first step in the modeling process, the groundwater model (EPACMTP) reads the
site-based data files to estimate the following for each model run:

* Drinking water well peak concentration
= Time to drinking water peak concentration
= Peak surface water contaminant flux

* Time to peak surface water contaminant flux.
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The groundwater model is run until contaminant concentrations at the receptor point return to
zero after the concentration peak or for the maximum simulation time of 10,000 years,
whichever comes first.

Groundwater model results are passed to the multimedia modeling system to estimate
surface water and sediment concentrations and to calculate human and ecological exposure and
risk. Additional inputs sent to the model at this stage include

= Site-based surface waterbody type, dimensions, flows, pH, and total suspended solids
(TSS) concentration

= Chemical-specific fish bioconcentration factors (BCFs)
* Human exposure factors (from national distributions)
= Human and ecological health benchmarks.

For human health, the multimedia modeling system calculates risk from drinking water
ingestion and fish consumption for each realization. For ecological risk, the model uses surface
water and sediment concentrations along with ecological benchmarks to estimate the risks to
ecological receptors.

2.3.3 Exposure Assessment

Table 2-5 lists the human and ecological receptors considered in the CCW risk
assessment, along with the specific exposure pathways that apply to each receptor. All of the
receptors that EPA considered were assumed to live offsite, at a location near the WMU.

Table 2-5. Receptors and Exposur e Pathways Addressed in the
Full-Scale CCW Assessment

Direct Contact
Ingestion with Surface Ingestion of
of Drinking Fish Water and Aquatic

Receptor Water Consumption Sediment Organisms
Human Receptors
Adult resident v
Child resident v
Adult recreational fisher v
Child recreational fisher v
Ecological Receptors
Aquatic and sediment organisms v
Mammals and birds v

For human receptors, the exposure assessment estimates the dose to an individual
receptor by combining modeled CCW constituent concentrations in drinking water or fish with
intake rates for adult and child receptors. The full-scale CCW risk assessment considered
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exposures due to chemicals leaching from WMUs and contaminating groundwater. The
groundwater exposures include drinking water ingestion and consumption of recreationally
caught contaminated fish from surface waterbodies affected by contaminated groundwater. For
the groundwater-to-drinking-water pathway, it was conservatively assumed that well water was
the only source of drinking water (although some households may drink bottled or treated water
or may drink water outside the home, e.g., at work or at school).

For ecological receptors, exposure assumptions are incorporated into the development of
ecological benchmarks (see Appendix H), which are surface water and sediment concentrations
corresponding to an HQ of 1.

The time period for the exposure assessment is defined by the peak concentration in the
media of concern and the exposure duration. For human receptors, annual average media
concentrations were averaged over the randomly selected exposure duration around the peak
concentration for each run. To protect against chronic effects to ecological receptors, we
consider the exposure duration over a significant portion of the receptor’s lifetime, and we
believe that one year is the appropriate period of time for that. To be protective, we use the
highest (peak) annual average concentration to estimate ecological exposure and risk.

2.3.4 Risk Estimation

Risk was estimated using several risk endpoints as particular measures of human health
risk or ecological hazard. A risk endpoint is a specific type of risk estimate (e.g., an individual’s
excess cancer risk) that is used as the metric for a given risk category. The CCW risk assessment
evaluated cancer and noncancer endpoints for humans and noncancer endpoints for ecological
receptors. For human risk, the availability of toxicological benchmarks for cancer and noncancer
effects determined which endpoints were evaluated for each constituent.

EPA used two risk endpoints to characterize risk for the human receptors and a single
risk endpoint, total HQ, to characterize risk for ecological receptors. These endpoints are
discussed in Section 3.8; in addition, uncertainty related to these endpoints is discussed in
Section 4.4.3.4.

From the distribution of risks for each risk endpoint generated by the Monte Carlo
analysis, the 50th and 90th percentile risks were selected and compared to the risk criteria of 1 in
100,000 excess cancers and an HQ greater than 1 for noncarcinogens. An HQ greater than 1 for
was also used for the ecological risk criterion in the full-scale risk assessment.
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3.0 Analysis

The full-scale analysis evaluates risks from CCWs disposed of in landfills and surface
impoundments located onsite at coal-fired utility power plants across the United States based
primarily on data collected in 1995 by EPRI (1997).* Chemical constituents found in CCW can
be released from these WMUSs into the surrounding environment by various mechanisms.
Releases to the atmosphere and by erosion and overland transport did not pose risks above the
screening criteria in the screening analysis; therefore, these were not assessed in the full-scale
analysis. Instead, the full-scale analysis focused on groundwater pathways, which exceeded the
risk criteria for some constituents in the screening analysis. Leachate forms in both landfills and
surface impoundments, migrates from the WMU through soil to groundwater, and is transported
in groundwater to drinking water wells (groundwater-to-drinking-water pathway) and into
surface waterbodies near the WMU (groundwater-to-surface-water pathway). These are the
groundwater pathways evaluated in the full-scale CCW risk assessment.

For the full-scale analysis, EPA used computer-based models and sets of equations to
estimate the risk to human health and the environment from current CCW disposal practices.’
These models include

= Source models that simulate the release of CCW constituents in leachate from
landfills and surface impoundments®

= Fate and transport models that estimate contaminant concentrations in groundwater
and surface water

= Exposure models that estimate daily contaminant doses for humans and ecological
receptors exposed to CCW constituents in groundwater and surface water

= Risk models that calculate risks to humans and ecological receptors.

This section describes the models and equations used to calculate exposure point
concentrations and risk. Section 3.1 provides the overall structure for the analysis, including the
spatial and temporal framework and the probabilistic (Monte Carlo) framework for the model
runs. Sections 3.2 and 3.3 describe the landfill and surface impoundment source models used to
predict environmental releases of constituents from CCW. Sections 3.4 and 3.5 describe the fate
and transport modeling used to predict contaminant concentrations in groundwater and surface

The selection and characterization of these CCW WMUSs are described in more detail in Appendix B.

As discussed in Section 2, the 1995 EPRI survey data is assumed to represent current CCW management
practices. However, new data from a more recent DOE/EPA survey suggest that liners may be more prevalent in
new and expanded units built since 1994. Section 4 discusses implications of this uncertainty on the risk
assessment results.

EPA used source-term models integrated into EPACMTP to estimate environmental releases of constituents in
leachate from landfills and surface impoundments.
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water. Section 3.6 describes the human exposure calculations. Section 3.7 describes the health
benchmarks used to develop human and ecological risk estimates, and Section 3.8 describes how
these risks were calculated for human and ecological receptors.

Supporting detail can be found in the following appendices:

= Appendix A, Constituent Data, provides the CCW constituent concentrations used
and describes how they were collected and processed

=  Appendix B, Waste Management Unit Data, describes the location and
characteristics of each landfill and surface impoundment modeled and describes how
the source model input parameter values were collected

= Appendix C, Site Data, describes how environmental data around each CCW waste
disposal site were collected to provide inputs for the groundwater and surface water
modeling

=  Appendix D, MINTEQAZ2 Nonlinear Sorption Isotherms, describes the
development and application of the CCW-specific MINTEQ metal sorption isotherms
used to model fate and transport in soils and groundwater

= Appendix E, Surface Water, Fish Concentration, and Contaminant Intake
Equations, documents the algorithms used to calculate surface water concentrations,
fish concentrations, and drinking water and fish intake rates

=  Appendix F, Human Exposure Factors, documents the human exposure parameters
and equations

=  Appendix G, Human Health Benchmarks, describes how the human toxicity
benchmarks were selected and developed

= Appendix H, Ecological Benchmarks, describes how the ecological toxicity
benchmarks were selected and developed.

3.1 General Modeling Approach

This section describes the framework, general assumptions, and constraints for the
full-scale probabilistic analysis. Section 3.1.1 describes the temporal and spatial framework.
Section 3.1.2 describes the probabilistic framework, and Section 3.1.3 describes how the
assessment was implemented within the probabilistic framework.

3.1.1 Temporal and Spatial Framework

The spatial framework for the analysis was determined by the geographic distribution of
CCW facilities modeled and by the site layout assumed as the conceptual site model for risk
assessment. As described in Section 2.1.2, the geographic distribution of landfills and surface
impoundments managing wastes onsite at coal-fired utility power plants was determined from
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the 177 sites in the 1995 EPRI survey of the onsite management of CCW (EPRI, 1997). The
assessment assumes that these 177 sites and their locations are representative of the
approximately 300 coal-fired power plants identified by EIA data as having onsite waste
management of conventional CCW and CCW codisposed with coal refuse throughout the United
States. For FBC wastes, these 177 sites include only 3 FBC landfills. EPA was able to add 4
additional FBC landfill sites to better represent FBC waste management, for an overall total of
181 sites in this analysis.

The conceptual site layouts applied to each of the sites are described and pictured in
Section 2.2.2. Two site layouts were used to define the relationship between a landfill or surface
impoundment and (1) a drinking water well (for human risk via the groundwater-to-drinking-
water pathway) and (2) a surface water body (for human and ecological risk via the
groundwater-to-surface-water pathway). In each case, the receptor point (well or waterbody) was
assumed to lie within the boundaries of the groundwater contaminant plume. The distance from
the edge of the WMU to the well or waterbody was varied for each model run based on national
distributions, with well distance taken from a national distribution for Subtitle D municipal
landfills (U.S. EPA, 1988a) and distance to surface water taken from a set of measured distances
for CCW landfills and surface impoundments developed for this assessment. Appendix C
presents additional details on these distributions.

The temporal framework was mainly defined by the time of travel from the modeled
WMU to the well or waterbody, which can be up to one mile away from the edge of the unit, and
the exposure duration over which risks were calculated. The subsurface migration of some CCW
constituents (e.g., lead) may be very slow; therefore, it may take a long time for the contaminant
plume to reach the receptor well or nearest waterbody, and the maximum concentration may not
occur until a very long time after the WMU ceases operations. This time delay may be on the
order of thousands of years. To avoid excessive model run time while not missing significant
risk at the receptor point, the groundwater model was run until the observed groundwater
concentration of a contaminant at the receptor point dropped below a minimum concentration
(10™*® mg/L) or until the model had been run for a time period of 10,000 years. The minimum
concentration used for all fate and transport simulations (10™° mg/L) is at least a million times
below any risk- or health-based criteria.

For the groundwater-to-drinking-water pathway (human health risk), risks were
calculated based on a maximum time-averaged concentration around the peak concentration at
each receptor well. The exposure duration (which varies from 1 to 50 years)* was applied around
the peak drinking well concentration to obtain the maximum time-averaged concentration.

For the groundwater-to-surface-water pathway, the groundwater model produces surface
water contaminant loads (based on groundwater concentration and flow) for a stream that
penetrates the aquifer. Because the surface water model is a steady-state model, there is no
temporal component to it and the receptor is exposed to the same concentration over the entire
exposure duration. For human health risk, the loadings from groundwater to surface water were
averaged over the exposure duration, bracketing the time of the peak groundwater concentration.

* Distributions of exposure duration and other exposure variables were obtained from the Exposure Factors
Handbook (U.S. EPA, 1997c,d,e)
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The exposure duration for sensitive ecological receptors is generally a year or less; therefore, for
ecological risk, a single peak annual average surface water concentration was used.

For all scenarios, if the groundwater model predicted that the maximum groundwater
concentration had not yet occurred after 10,000 years, the actual groundwater concentration at

10,000 years was used in the exposure calculations instead of a maximum time-weighted average
concentration around the peak.

3.1.2 Probabilistic Approach

The full-scale analysis evaluates risk in a probabilistic manner and is based on a Monte
Carlo simulation that produces a distribution of exposures and risks. The general Monte Carlo
approach is shown in Figure 3-1. The foundation of the Monte Carlo simulation is the source
data derived from the EPRI survey. These were combined with data from the national CCW
constituent database to conduct a Monte Carlo simulation of 10,000 iterations per waste
type/WMU type/constituent combination.

Waste Scenarios
\—> WMU
Scenario \—> Constituents
(waste type x WMU x constituent)
Isotherms
EPACMTE/SW model *ﬁ Randomly located well
Receptor well
# # concentrations
Sample Site - 10'0_00
(constituent data) (WMU data) iterations
‘ ‘ Surface water
concentrations
Randomly located waterbody
Exposure/Risk
Child
y GW->DW Risk E
Adult
Receptor
Fish Child
10,000 Consumption [
v iterations Risk L Adult
Pathway : Food chain
Eco Risk
Direct contact

Figure 3-1. Overview of the Monte Carlo approach.

The detailed looping structure for the Monte Carlo analysis is shown in Figure 3-2. For
each waste type/WMU combination, two separate loops are run. The first loop (shown with
dashed lines in Figure 3-2) prepares a set of input files containing 10,000 sets of WMU and site
data (as described in Section 3.1.3). The second loop (shown with solid lines in Figure 3-2) uses
those input files to run 10,000 iterations of the source, fate and transport, exposure, and risk
models for each constituent.
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Waste/WMU Scenario Loop
Select 1 Waste type Conventional CCW, Codisposed CCW and coal refuse, FBC)
Select 1 WMU type (landfill, surface impoundment)
Data Preparation Loop:
§ Select 1 Facility ID (EPRI survey)
Pull data for Facility ID
Select 1 Aquifer Type (empirical distribution)
Select 1 SoilType, with pH, OM (empirical distribution)
Pull WMU data (area, depth, liner type)
Select distributed WMU data (missing depth, DBGS)
Pull Climate Center
Select 1 SamplelD from Constituent database (pH table)
Pull leachate pH
Pull national data
Pull waste bulk density (=1.19), fraction CCW (=1), Sl duration (=75 yr), Sl sludge depth (0.2 m)
Select 1 distance to surface water
Select next Facility ID

** Call EPACMTP to select soil data (by SailType), aquifer data (by Aquifer Type), MINTEQA2 master variables, receptor well
distance and calculate infiltration rate and vadose zone pH

—— Constituent Loop [Monte Carlo Loop]

Select 1 Constituent (11 priority metals and nitrate/nitrite)

— RunID Loop (10,000 iterations)

Select 1 Facility ID (with data from data preparation loop)

Pull surface water type, flow data
Select 1 SamplelD from Constituent Database

Pull 1 leachate concentration

Pull (or calculate) 1 corresponding total waste concentration (landfills only)
Pull nationally distributed data from data preparation loop

Select 1 SWTSS

** Call EPACMTP to calculate drinking water concentration (random and 150m well) and surface water flux
[output based on exposure durations]

** Call SW Module to calculate surface water and sediment concentrations
** Call Food Web Module to calculate fish concentration

— Human Receptor Loop
Loop over 4 ReclID: (1) adult resident, (2) child resident, (3) adult fisher, (4) fisher's child

Select pathways, exposure factors based on ReclD:
Pull benchmarks

** Call Exposure Module to calculate ADD, LADD for each pathway
** Call Risk Module and calculate cancer risk, HQ for each pathway

Next Receptor

Ecological Risk

Pull ecological benchmarks (CSCLs)
** Calculate SW and sediment HQs

Next RunID

— Monte Carlo Loop

Data preparation loop

** indicates model runs
ADD = average daily dose
. DBGS = depth below ground surface
Next Constituent HQ = hazard quotient

LADD = Ifetime average daily dose

L Next Waste/WMU Scenario

Figure 3-2. Monte Carlo looping structure.
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3.1.3 Implementation of Probabilistic Approach

Table 3-1 lists the five waste disposal scenarios addressed in the full-scale analysis. FBC
waste landfills were modeled and treated as a separate scenario in the analysis because of the
limited number (7) of FBC landfill sites. Each waste disposal scenario modeled in the full-scale
assessment included unlined, clay-lined, and composite-lined WMUSs. Additional detail on these
scenarios can be found in Section 2-1 and Appendix A.

Table 3-1. CCW Waste Management Scenarios Modeled in Full-Scale Assessment

WMU Type | Waste Type
Conventional CCW and CCW Codisposed with Coal Refuse (main analysis)
Landfill gggvggggﬂ%(e:;/v (fly ash, bottom ash, boiler
Landfill Codisposed CCW and coal refuse
Surface impoundment Conventional CCW
Surface impoundment Codisposed CCW and coal refuse
FBC Waste (separate analysis)
Landfill ‘ FBC waste (fly ash, bottom ash, bed ash)

To capture the national variation in waste management practices for the Monte Carlo
analysis, an input database was created with approximately 10,000 iterations for each of the
waste type/WMU combinations. This input database provided the source data for 10,000
iterations of the source modeling and the fate and transport modeling. Figure 3-3 provides an
overview of the process used to compile these data, which were organized into source data files.
As shown in Figure 3-3, seven tasks, some parallel and some sequential, were required to
construct these data files, one file for each waste management scenario.

Constructing the source data files for use in the probabilistic analysis involved first
developing a 10,000-record data file for each waste type-WMU scenario. This was accomplished
by selecting the landfills and surface impoundments from the EPRI survey data that manage each
type of waste. Within a scenario, a list of the EPRI plants with that WMU type and waste type
was repeated to produce around 10,000 records. For each record, site-based, regional, and
national inputs were randomly selected from distributions developed to characterize the regional
or national variability in these inputs. Each record in the source data files was identified by a
model run identification number (RuniD).

The EPRI survey provided most of the WMU data needed, including area, capacity, liner
type, and waste type. Additional data were collected to characterize the height and depth below
ground surface of typical CCW landfills and surface impoundments (see Appendix B).

The environmental setting in which waste disposal occurs was characterized based on the
location of the 181 power plants used in the full-scale analysis. These locations were used to
characterize climate, soils, aquifers, and surface water bodies at each site as follows (see
Appendix C for details):
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Task 1.
Identify waste management scenarios
CCW Waste Types CCW Waste Disposal Practices
sConventional CCWs sLandfills
+Codisposed ash and coal refuse sSurface impoundments
oFBC wastes (separate scenario)

Task 4.
Task 2. Select representative disposal sites
Characterize CCW EPRI Survey Data:

»108 CCW landfills
#96 CCW surface impoundments
+181 Plant locations

CCW Constituent Database
*41 analytes
*3 waste forms
*> 160 CCW sites
*> 35,000 analyses

Task §.
Task 6. Characterize WMUs

Characterize environmental setting Landfills and Surface Impoundments
For each plant location, s\Waste type
characterize sliner type
+Climate sSurface area
+Soil characteristics +Depth
Groundwater aquifers +Depth below ground surface
eSurface water conditions oOther parameters
Task 3.
Screen constituent data
Calculate site-average media
concentrations
Compare to conservative ftarget levels
Select pathways, receptors, and Task 7a.
constituents for full-scale modeling Construct source data files

(1 per waste type - WMU scenario)

Replicate site data to create
10,000 iterations per scenario

Task 7b. /

Construct source data files
(add constituent data)

Landfills and Surface Impoundments |

Replicate site data file to create
10,000 iterations per scenario -
constituent combination

(5 scenarios x 12 constituents x
10,000 = 600,000 iterations)

Figure 3-3. Process used to construct the Monte Carlo input database.

= Climatic data, including annual precipitation, temperature, and windspeed, were
collected by assigning each site to a nearby meteorologic station.

= Soil and aquifer type were collected within a 5-km radius of each site to account for
locational uncertainty for the WMUSs.

= Surface water type and flows were collected using a geographic information system
(GIS) to identify the nearest stream and by matching plants to the Permit Compliance
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System (PCS) database to get the stream segment for each plant’s NPDES discharge
point.

These site-based data were supplemented with regional data on surface water quality and
with national distributions of receptor distances (i.e., distance to drinking water well and
distance to nearest surface waterbody). Appendix C describes the site-based approach and data
sources used for these site-specific, regional, and national-scale data collection efforts.

The five 10,000-record scenario-specific source data files were then combined with the
CCW constituent data for each constituent in the appropriate waste type to develop the final
source data files for each scenario. With 12 constituents modeled for most scenarios, this
resulted in over 600,000 records in the final input data set.

3.2 Landfill Model

Releases from landfills were modeled using a landfill source-term model contained in
EPACMTP. EPA has used EPACMTP and its predecessor models for almost 20 years to conduct
groundwater risk assessments in support of regulations for land disposal of hazardous and
nonhazardous wastes. In that context, EPACMTP has undergone numerous peer reviews,
including multiple reviews by EPA’s Science Advisory Board (SAB). Each of these reviews has
supported and approved the use of this model for developing national regulations and guidance,
including verification that the model and model code are scientifically sound and properly
executed. Some of the more important reviews include

= A 1989 review by SAB of the component saturated zone (groundwater) model used in
EPACMTP

= A 1993 review by EPA’s Office of Research and Development (ORD) of EPACMTP
for potential Hazardous Waste Identification Rule applications, which resulted in a
number of improvements in the computational modules of EPACMTP

= A 1994 consultation with SAB on the use of EPACMTP for determination of
dilution-attenuation factors for EPA’s Soil Screening Guidance

= A 1994 review by expert modelers Dr. Fred Molz (Auburn University) and Mr. Chris
Neville (SS Papadopoulos & Associates), who verified that the mathematical
formulation of the model and the code verification testing are scientifically sound

= The peer-reviewed publication of EPACMTP in the Journal of Contaminant
Hydrology (Kool et al., 1994)

= An in-depth review by SAB related to the use of EPACMTP in the proposed/draft
1995 Hazardous Waste Identification Rule (U.S. EPA, 1995)

= A 1999 peer review by leading modelers of the implementation of EPACMTP in
EPA’s multimedia, multiple exposure pathway, multiple receptor risk assessment
(3MRA) model (U.S. EPA, 1999c)
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= A 2003 SAB review of the SMRA implementation of EPACMTP (SAB, 2004).

An overview and statement of assumptions for the landfill model is presented here,
followed by a listing of inputs to the landfill source-term model and a brief discussion of the
output generated by the model.

3.2.1 Conceptual Model

The landfill model treats a landfill as a permanent WMU with a rectangular footprint and
a uniform depth (see Figure 3-4). If only the area is known (which is the case for the CCW
landfills), the landfill source-term model assumes a square footprint. The model assumes that the
landfill is filled with waste during the unit’s operational life and that upon closure of the landfill,
the waste is left in place and a final soil cover is installed.

unsaturated zone

i<

saturated zone

A e A yd 7 //,,’J A ///_/’J -
v v - e e /// e e /// <

Figure 3-4. Conceptualization of a landfill in the landfill source-term model.

Three liner scenarios were modeled: a no-liner (unlined) scenario, a compacted clay liner,
and a composite liner that combines a high-density polyethylene (HDPE) membrane with either
geosynthetic or natural clays.

In the unlined scenario, waste is placed directly on local soils, either on grade or
excavated to some design depth and without a leachate collection system. After the landfill has
been filled to capacity, a 2-foot native soil cover (the minimum required by Subtitle D
regulations) is installed and assumed to support vegetation.

In the clay liner scenario, waste is placed directly on a 3-foot compacted clay liner, which
is installed on the local soils, either on grade or excavated to some design depth and without a
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leachate collection system. After the landfill has been filled to capacity, a 3-foot clay cover is
installed and covered with 1 foot of loam to support vegetation and drainage. The hydraulic
conductivity of both the liner and cover clays is assumed to be 1x10 cm/sec, the typical design
specification for compacted clay liners (U.S. EPA, 1988c).

In the composite liner scenario, wastes are placed on a liner system that consists of a
60 mil HDPE membrane with either an underlying geosynthetic clay liner or a 3-foot compacted
clay liner. A leachate collection system is also assumed to exist between the waste and the liner
system. After the landfill has been filled to capacity, a 3-foot clay cover is assumed to be
installed and covered with 1 foot of loam to support vegetation and drainage (U.S. EPA, 2002b).

As described in Section 3.2.3 (and Appendix B), one of these three liner types was
assigned to each CCW landfill or surface impoundment modeled based on the liner type data
from the 1995 EPRI Survey (EPRI, 1997).

3.2.2 Modeling Approach and Assumptions

The starting point for the landfill source-term model simulation is the time when the
landfill is closed (i.e., when the unit is filled with CCW).> As described in detail below, the full-
scale analysis modeled contaminants leaching from CCW into precipitation infiltrating the
landfill, which exits the landfills as leachate. Contaminant loss in leachate was taken into
account at closure by subtracting the cumulative amount of contaminant mass loss that occurred
during the unit’s active life from the amount of contaminant mass present at the time of landfill
closure. Loss calculations in the landfill source-term model continue after closure until the
contaminant is depleted from the waste mass in the landfill. This is a conservative assumption, as
some metal will not leach from the waste mass.

Infiltration and Leaching

The average rate at which water percolates through the landfill over time (the long-term
infiltration rate) drives the leaching process in the landfill, which results from partitioning of the
constituent from the waste into the infiltrating water. The methodology, assumptions, and data
used to determine infiltration rates for each CCW liner scenario are consistent with the approach
used in EPA’s Industrial D guidance, as described in Section 4.3 and Appendix A of the
EPACMTP Parameter/Data Background Document (U.S. EPA, 2003a) and Section 4.2.2 of the
Industrial Waste Evaluation Model (IWEM) Technical Background Document (U.S. EPA,
2002b). EPA developed the IWEM model as part of a guide for managing nonhazardous
industrial wastes in landfills and surface impoundments (http://www.epa.gov/industrialwaste).
To help ensure that it was technically sound, the model (including the liner scenarios and
algorithms used in the CCW risk assessment) was developed with a large stakeholder working
group, including representatives from industry. The model was also subjected to a peer review in
1999 (64 FR 54889-54890, October 8, 1999, Peer Reviews Associated With the Guide for

The simple landfill model used in this assessment cannot model a landfill as it is being filled prior to closure.
Although leaching does occur during a landfill’s operating life, risks from these releases are insignificant when
compared to postclosure releases, given the long time it takes metal-bearing wastes to leach and reach peak
concentrations in groundwater wells surrounding the landfill. EPA does not believe that the additional risks from
the preclosure period justify the additional complexity, data, and effort required to model an operating landfill.
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Industrial Waste Management), and the model was updated and improved in response to those
comments before its final release in 2003. That update included the addition of a more robust
liner leakage database to support the existing algorithms for calculating infiltration rates through
composite liner systems.

No-Liner (Unlined) Scenario. For the no-liner scenario, infiltration rates were selected
from a database in EPACMTP that contains 306 infiltration rates already calculated using EPA’s
Hydrologic Evaluation of Landfill Performance (HELP) water balance model (Schroeder, et al.,
1994a, 1994b). HELP is a product of an interagency agreement between EPA and the U.S. Army
Corps of Engineers Waterways Experiment Station, and was subjected to the Agency’s peer and
administrative review. All of the infiltration rates were calculated based on the single typical
landfill design described in Section 3.2.1, with the only variables that change between HELP
simulations being the meteorological data associated with 102 nationwide climate centers and
the type of cover soil applied at closure. Three cover soil categories representing coarse-grained
soils, medium-grained soils, and fine-grained soils were used. The selection of an infiltration rate
from the database depends on the type of cover soil selected for the landfill and the assignment
of the landfill to a HELP climate center. The unlined HELP-derived infiltration rates are
presented in U.S. EPA (2003a) by climate center. The assignment of HELP climate centers and
soil categories to each CCW site modeled is described in Appendix C.

Clay Liner Scenario. The clay liner scenario is very similar to the unlined scenario in that
previously calculated HELP infiltration rates for a single clay-lined, clay-capped landfill design
were used. The scenario is based on a typical engineered compacted clay liner that is 3 feet thick
with a design hydraulic conductivity of 1x10” cm/sec. The one difference from the unlined case
is that the clay liner and cover control the rate of water percolation through the landfill and thus
infiltration rate does not vary with cover soil (i.e., there is one clay liner infiltration rate per
climate center). The clay liner HELP-derived infiltration rates are provided in U.S. EPA (2003a).

Composite Liner Scenario. Composite liner infiltration rates are compiled from monthly
average leak detection system (LDS) flow rates for industrial landfill cells reported by TetraTech
(2001). The liner configurations are consistent with the composite liner design assumptions
presented in Section 3.2.1 and are the same as those assumed for defaults in EPA’s Industrial D
landfill guidance (U.S. EPA, 2002b). The LDS flow rates were taken from 27 municipal landfill
cells and used in the IWEM model (U.S. EPA, 2002b). As shown in Table 3-2, these LDS flow
rates include 22 operating landfill cells and 5 closed landfill cells located in eastern United
States: 23 in the northeastern region, 1 in the mid-Atlantic region, and 3 in the southeastern
region. Each of the landfill cells is underlain by a geomembrane/geosynthetic clay liner which
consists of a high-density polyethylene geomembrane of thickness between 1 and 1.5 mm,
overlying a 6-mm composite geosynthetic clay layer consisting of two geotextile outer layers
with a uniform core of bentonite clay to form a hydraulic barrier. Each liner system is underlain
by an LDS.

As described in U.S. EPA (2002b), only a subset of the TetraTech (2001) flow rates were
used to develop the composite liner infiltration rates. LDS flow rates for geomembrane/
compacted clay composite-lined landfill cells were not used in the distribution because
compacted clay liners (including composite geomembrane/compacted clay liners) can release

Draft EPA document. Do not cite or quote. 3-11



Section 3.0

Analysis

water during consolidation and contribute an unknown amount of water to LDS flow, which
makes it difficult to determine how much of the LDS flow is due to liner leakage versus clay

consolidation. Also, LDS flow rates from three geomembrane/geosynthetic clay lined-cells were
not used. For one cell, postclosure flow rates were very high, and were more than twice as high

as those recorded during the cell’s operating period. Data were not used for two other cells

because of inconsistencies with the data for the 27 landfill cells used to develop composite liner
infiltration rates (U.S. EPA, 2002b). The composite liner infiltration rates were specified as an
empirically distributed input to the landfill model (see U.S. EPA ,2003a).

Table 3-2. Leak Detection System Flow Rate Data Used to Develop
Landfill Composite Liner Infiltration Rates

Cell ID Status Flow rate (m/y) Location
G228 Operating 2.1E-04 | Mid-Atlantic
G232 Operating 4.0E-04 | Northeast
G232 Closed 7.3E-05 | Northeast
G233 Operating 0| Northeast
G233 Closed 0 Northeast
G234 Operating 7.3E-05 | Northeast
G234 Closed 0| Northeast
G235 Operating 1.5E-04 | Northeast
G235 Closed 3.7E-05 Northeast
G236 Operating 3.7E-05 | Northeast
G236 Closed 0| Northeast
G237 Operating 7.3E-05 | Northeast
G238 Operating 0| Northeast
G239 Operating 7.3E-05 | Northeast
G240 Operating 0| Northeast
G241 Operating 0| Northeast
G242 Operating 0| Northeast
G243 Operating 0| Northeast
G244 Operating 0| Northeast
G245 Operating 0| Northeast
G246 Operating 0| Northeast
G247 Operating 0| Northeast
G248 Operating 0| Northeast
G249 Operating 7.3E-05 | Northeast
G250 Operating 2.2E-04 | Southeast
G251 Operating 0| Southeast
G252 Operating 0| Southeast

Source: U.S. EPA (2002a); original data from TetraTech (2001).

Source Depletion and Mass Balance

For this assessment, the landfill source-term model represents releases from landfills as a

finite source where the mass of a constituent in a landfill is finite and depleted over time by
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leaching. The landfill source-term model is set as a pulse source, where the leachate
concentration is constant over a prescribed period of time and then goes to zero when the
constituent is depleted from the landfill. A pulse source is appropriate for metals and other
constituents whose sorption behavior is nonlinear. Because all but one (nitrate/nitrite) of the
constituents addressed in the full-scale analysis are metals, releases from landfills were modeled
as pulse sources.

For a pulse source, basic mass balance considerations require leaching from the landfill
to stop when all of the constituent mass has leached from the landfill. For the constant
concentration pulse source condition, the pulse duration is given by

TSOURC - CWASTE x DEPTH x FRACT x CTDENS (3-1)
CZERO x SINFIL

where
TSOURC = Pulse duration (yr)
CWASTE = Constituent concentration in the waste (mg/kg)
DEPTH = Depth of landfill (m)
FRACT = Volume fraction of the landfill occupied by the waste (unitless)
CTDENS = Waste density (g/cm®)
CZERO = Initial waste leachate concentration (mg/L)
SINFIL = Annual areal infiltration rate (m/yr).

The landfill source-term model uses the above relationship to determine the leaching duration.
More details regarding the waste concentration and WMU parameters in Equation 3-1 are
provided below and in Appendices A and B.

3.2.3 Landfill Model Input Parameters

Input parameters required by the landfill source-term model are discussed below.
Additional details on how data for these inputs were collected for the CCW risk assessment are
provided in Appendix A for leachate and waste concentrations and Appendix B for landfill
dimensions and characteristics.

= Landfill Area. The model uses landfill area to determine the area over which
infiltration rate occurs and, along with landfill depth and waste concentration, to
calculate the total contaminant mass in the landfill. CCW landfill area data were
obtained from the EPRI comanagment survey (EPRI, 1997). The landfill was
assumed to be square.

= Landfill Depth. Landfill depth is one of several parameters used by the landfill
source-term model to calculate the contaminant mass in the landfill. For CCW
landfills, average waste depth was estimated by dividing landfill capacity by landfill
area. CCW landfill capacity data were taken from the EPRI comanagement survey
(EPRI, 1997).
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Depth Below Grade. The depth of the bottom of the landfill below the surrounding
ground surface is used, along with depth to groundwater, to determine the thickness
of the unsaturated zone. For CCW landfills, depth below grade was determined from
a national distribution based on available measurements from a number of CCW
landfills (see Appendix B).

Waste Fraction. The landfills were assumed to be CCW monofills, which
corresponds to a waste fraction of 1.0.

Waste Density. The average waste bulk density, as disposed, is used to convert waste
volume to waste mass. The waste bulk density for all CCW waste types was assumed
to be 1.19 g/cm® (U.S. EPA, 1998b).

Leachate Concentration. The concentration of waste constituents in leachate was
assumed to be constant until all of the contaminant mass initially present in the
landfill has leached out, after which the leachate concentration was assumed to be
zero. The constant value used for leachate concentration is from EPA’s CCW
Constituent Database, described in Appendix A.

Waste Concentration. In the finite-source scenario modeled, the total waste
concentration is used, along with the waste bulk density and landfill area and depth,
to determine the total amount of a constituent available for leaching. Measured total
CCW concentrations were paired with leachate concentrations, as described in
Appendix A and provided in Attachment A-2.

Liner Type. The type of liner is used to determine the infiltration/leaching scenario
used to calculate leachate flux from the landfill. Table 3-3 shows the crosswalk used
to assign one of the three liner scenarios to each facility based on the liner data in the
1995 EPRI survey (EPRI, 1997). Attachment B-2 to Appendix B provides these
assignments, along with the original EPRI liner type, for each CCW landfill facility
modeled. One significant uncertainty in these liner assumptions is how representative
the EPRI survey data are of current conditions at coal combustion facilities.

Table 3-3. Crosswalk Between EPRI and CCW Source
Model Liner Types

Model Liner
EPRI Liner Type Code Description

Compacted ash 0 no liner
Compacted clay 1 clay
Composite clay/membrane 2 composite
Double 2 composite
Geosynthetic membrane 2 composite
None/natural soils 0 no liner
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3.2.4 Model Outputs

For each year in the simulation, the landfill source-term model uses the average annual
leachate concentration and infiltration rate to calculate a constituent flux through the bottom of
the landfill. This time series is used as an input for the EPACMTP unsaturated zone model.

3.3  Surface Impoundment Model

Releases from surface impoundments were modeled using a surface impoundment
source-term model contained in EPACMTP. An overview and statement of assumptions for the
surface impoundment model is presented here, followed by a listing of inputs to the surface
impoundment source-term model and a brief discussion of the output generated by the model.
The primary differences between the treatment of landfills and surface impoundments are (1) the
integration of the surface impoundment source term into the unsaturated flow solution, and
(2) clean closure of the impoundment after the operating period is over.

3.3.1 Conceptual Model

The surface impoundment model treats a surface impoundment as a temporary WMU
with a prescribed operational life. Unlike the landfill model, clean closure is assumed; that is, at
the end of the unit’s operational life, the model assumes that all wastes are removed and there is
no further release of waste constituents to groundwater. Although this simplifying assumption
limits the length of potential exposure, and is not consistent with the practice to close CCW
surface impoundments with these wastes in place, the peak annual leachate concentrations on
which the CCW risk results are based are not likely to be affected, because they are highest when
the surface impoundment is in operation.

Following the unit’s closure, the surface impoundment model assumes that the
contaminated liquid and sediment in the surface impoundment are replaced by uncontaminated
liquid and sediment with otherwise identical configurations and properties. The contaminants
that have migrated to the unsaturated zone during operation continue to migrate towards the
water table with the same infiltration rate as during operation. By continuing infiltration after the
wastes are removed, the infiltration through the surface impoundment unit can be modeled as a
single steady-state flow regime until concentrations in groundwater are no longer affected by
constituents released from the surface impoundment during its operation.

The EPACMTP surface impoundment model assumes a square footprint and a constant
ponding depth during the impoundment’s operational life (Figure 3-5). For an unlined
impoundment, the model assumes that while the impoundment is in operation, a consolidated
layer of sediment accumulates at the bottom of the impoundment. The leakage (infiltration) rate
through the unlined impoundment is a function of the ponding depth in the impoundment and the
thickness and effective permeability of the consolidated sediment layer at the bottom of the
impoundment. The rate of leakage is constrained to ensure that there is not a physically
unrealistic high rate of leakage, which would cause groundwater mounding beneath the unit to
rise above the ground surface. Underlying the assumption of a constant ponding depth, the
surface impoundment source-term model assumes that wastewater in the impoundment is
continually replenished while the impoundment is in operation. It also assumes, from the
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beginning of the unit’s operation, that the sediment is always in equilibrium with the wastewater
(i.e., the presence of sediment does not alter the concentration of leachate). Accordingly, the
surface impoundment source-term model also assumes that the leachate concentration is constant
during the impoundment operational life. Typically, the leachate concentration is equal to the
concentration in the wastewater entering the impoundment.

Top of Liquid Compartment

Liquid Compartment =
- : Ground”S"~
Surface
Elevation

Ground
Surface
Elevation

Clogged Soil

Unaffected Native Material

Infiltration

=~ Water
— Tahle

Figure 3-5. Schematic cross-section view of surface impoundment.

Three liner scenarios were modeled: a no-liner (unlined) scenario, a compacted clay liner,
and a composite liner.

In the unlined scenario, wastewater is placed directly on local soils and the depth of water
is constant over the entire life of the impoundment, pre- and post-closure. As described above,
sediments accumulate and consolidate at the bottom of the impoundment and migrate into the
underlying native soils, where they clog pore spaces and provide some barrier to flow. The
surface impoundment model assumes that the thickness of the consolidated sediments is equal to
one-half of the total sediment thickness, which is an input to the model. The sediment thickness
was assumed to be 0.2 m for all simulations. The model also assumes that the thickness of the
clogged region of native soils is always 0.5 m and has a hydraulic conductivity 10 percent of that
of the native soil underlying the impoundment.

In the clay liner scenario, wastewater is placed on a compacted clay liner, which is
installed on the local soils. The assumptions for an unlined impoundment also apply to the
compacted clay liner scenario, except that a compacted clay liner filters out the sediments that
clog the native soils in the unlined case, so the effect of clogging the native materials is not
included in the calculation of the infiltration rate. The thickness of the compacted clay liner was
assumed to be 3 feet and the hydraulic conductivity was assumed to be 1x10” cm/sec (U.S. EPA,
1988c).

In the composite liner scenario, wastewater is placed on a synthetic membrane with an
underlying geosynthetic or natural compacted clay liner with a hydraulic conductivity of 1x107
cm/sec. The membrane liner was assumed to have a number of pinhole leaks of uniform size
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(6 mm?). The distribution of leak densities (expressed as number of leaks per hectare) was
compiled from 26 leak density values reported in TetraTech (2001), the best available data on
liner leaks. These leak densities are based on liners installed with formal construction quality
assurance (CQA) programs. The 26 sites with leak density data are mostly located outside the
United States: 3 in Canada, 7 in France, 14 in the United Kingdom, and 2 in unknown locations;
we assume that these are representative of U.S. conditions. The WMUs at these sites (8 landfills,
4 surface impoundments, and 14 of unknown type) are underlain by a layer of geomembrane
with a thickness varying from 1.14 mm to 3 mm. The majority of the geomembranes (23 of 26)
are made from HDPE, and the remaining 3 are made from prefabricated bituminous
geomembrane or polypropylene. One of the sites has a layer of compacted clay liner beneath the
geomembrane; however, for 25 of the 26 sites, material types below the geomembrane layer are
not reported. The empirical distribution used in the analysis can be found in IWEM (U.S. EPA,
2002b), along with a table showing details about the 26 liners used to develop the distribution.

3.3.2 Modeling Approach and Assumptions

Figure 3-5 illustrates a compartmentalized surface impoundment with stratified sediment.
Shown in the figure are the liquid compartment, the sediment compartment (with loose and
consolidated sediments), and the unsaturated zone (with clogged and unaffected native
materials). The model assumes that all sediment layer thicknesses remain unchanged throughout
the life of the unit.

The EPACMTP surface impoundment model uses the unsaturated zone flow model to
calculate the infiltration rate out of the bottom of the impoundment. This model is designed to
simulate steady-state downward flow through an unsaturated (vadose) zone consisting of one or
more soil layers. Steady-state means that the rate of flow does not change with time. In the case
of flow out of an unlined surface impoundment, the model simulates flow through a system
consisting of three layers: a consolidated sediment layer, a clogged soil layer, and a native soil
layer.

The native unsaturated soil extends downward to the water table. The steady-state
infiltration rate out of the surface impoundment is driven by the head gradient between the water
ponded in the impoundment and the head at the water table. The pressure head at the top of the
consolidated sediment layer is equal to the water depth in the impoundment plus the thickness of
the unconsolidated sediment.

The EPACMTP Technical Background Document (U.S. EPA, 2003c) describes the
algorithms used in this model to calculate the infiltration rate from surface impoundment units,
and discusses in detail the maximum allowable infiltration rate based on the groundwater
mounding condition. This information is summarized here.

The EPACMTP surface impoundment source-term model calculates infiltration through
the accumulated sediment at the bottom of an impoundment, accounting for clogging of the
native soil materials underlying the impoundment, liner conditions, and mounding due to
infiltration. The modeled infiltration is governed by the depth of liquid in the impoundment and
the following limiting factors:
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= Effective hydraulic conductivity and thickness of the consolidated sediment
layer. As sediment accumulates at the base of the impoundment, the weight of the
liquid and upper sediments tends to compress (or consolidate) the lower sediments.
The consolidation process reduces the hydraulic conductivity of the sediment layer,
and the layer of consolidated sediment will act as a restricting layer for flow out of
the impoundment. By contrast, the layer of loose, unconsolidated sediment that
overlies the consolidated sediment layer is assumed not to restrict the flow rate out of
the unit, so it is not explicitly considered in the surface impoundment flow model.

= Effective hydraulic conductivity of the clogged native material. As liquids
infiltrate soil underlying the impoundment, suspended particulate matter accumulates
in the soil pore spaces, reducing hydraulic conductivity and lowering infiltration
rates.

= Effective hydraulic conductivity and thickness of a clay liner. When the surface
impoundment is underlain by a compacted clay liner, the rate of infiltration is also
determined by simulating flow through a three-layer system, substituting the
characteristics of the clay liner for those of the clogged soil layer.

= Leak rate of a composite liner. For cases where the surface impoundment is
underlain by a composite liner (a geomembrane underlain by a low permeability liner
such as a compacted clay liner or a geosynthetic clay liner), the surface impoundment
source-term model uses a modified equation of Bonaparte et al. (1989) to calculate
the infiltration rate. The equation uses, among other inputs, the head generated by the
water and unconsolidated sediments in the unit, a leak density selected from an
empirical distribution derived from a TetraTech (2001) study of liner leakage, a
uniform leak size of 6 mm?, and an assumed hydraulic conductivity of 1x10™ cm/sec
for the 3 feet of underlying compacted clay material.

= Limitations on maximum infiltration rate from mounding. If the calculated
infiltration rate exceeds the rate at which the saturated zone can transport the
groundwater, the groundwater level will rise into the unsaturated zone. The model
accounts for groundwater mounding when calculating the infiltration rate from the
surface impoundment unit and, if necessary, constrains the value to ensure that the
groundwater mound does not rise to the bottom of the surface impoundment unit.

3.3.3 Surface Impoundment Model Input Parameters

Input parameters required by the surface impoundment source-term model are discussed
below. Additional details on how data for these inputs were collected for the CCW risk
assessment are provided in Appendix A for waste concentrations and Appendix B for surface
impoundment dimensions and characteristics.

= Surface Impoundment Area. The model uses surface impoundment area to
determine the area over which infiltration occurs. CCW surface impoundment area
data were obtained from the EPRI comanagement survey (EPRI, 1997). The
impoundment was assumed to be square.
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Areal Infiltration Rate. The surface impoundment leachate infiltration rate (or flux)
is computed internally by the surface impoundment source-term model, as described
in Section 3.3.2.

= Depth Below Grade. The depth of the bottom of the impoundment below the
surrounding ground surface is used, along with depth to groundwater, to determine
the thickness of the unsaturated zone beneath the impoundment. For CCW
impoundments, depth below grade was sampled from an empirical distribution based
on available measurements from a number of CCW surface impoundments (see
Appendix B).

= Operating Depth. The operating (or ponding) depth is the long-term average depth
of wastewater and sediment in the impoundment, measured from the base of the
impoundment. For CCW surface impoundments, depth was estimated by dividing
impoundment capacity by impoundment area. CCW impoundment capacity data were
taken from the EPRI comanagement survey (EPRI, 1997).

= Total Thickness of Sediment. By default, EPACMTP models unlined surface
impoundments with a layer of “sludge” or sediment above the base of the unit. The
sediment layer is divided into two sublayers: an upper, loose sediment sublayer and a
lower, consolidated sediment sublayer. The consolidated sediment has a relatively
low hydraulic conductivity and acts to impede flow. The calculated infiltration rate is
inversely related to the thickness of the consolidated sediment sublayer. A thinner
consolidated sediment layer will result in a higher infiltration rate and a greater rate
of constituent loss from the impoundment. The surface impoundment source-term
model uses the total sediment thickness as an input parameter and assumes that it
consists of equal thicknesses of loose and consolidated material. Because data were
not available on CCW sediment layer thicknesses, the CCW risk assessment used the
Tier 1 IWEM model assumption: a total (unconsolidated plus consolidated) sediment
layer thickness of 0.2 meters (U.S. EPA, 2002b). It is not known how representative
this assumption is with respect to unlined CCW surface impoundments, but it is
reasonable to assume that a sediment layer would accumulate and restrict flow from
the bottom of a CCW impoundment.

= Distance to the Nearest Surface Water Body. The distance to the nearest
waterbody is used to determine the location of a fully penetrating surface waterbody
at which groundwater mass and water fluxes will be calculated and reported. The
distance to the nearest surface waterbody is also used as a surrogate for the distance
to the nearest point at which the water table elevation is kept at a fixed value. That
distance is used to calculate the estimated height of groundwater mounding
underneath the impoundment to ensure that excessively high infiltration rates, which
may be calculated for deep, unlined impoundments, do not occur. If necessary, the
model reduces the infiltration rate to ensure the predicted water table does not rise
above the ground surface. For the CCW sites, distance to surface water was sampled
from an empirical distribution developed from aerial photo measurements at 59 coal-
fired power plants with onsite landfills or surface impoundments (Appendix C).
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= Leachate Concentration. The annual average leachate concentration is modeled as a
constant concentration pulse with a defined duration. For a particular model run, the
leachate concentration was assumed to be constant during the operation of the unit;
there is no reduction in leachate concentration until the impoundment ceases
operation. Leachate concentrations for CCW impoundments were obtained by waste
type from surface impoundment porewater data from EPA’s CCW Constituent
Database, as described in Appendix A.

= Source Leaching Duration. For surface impoundments, the addition and removal of
waste during the operational life period are more or less balanced, without significant
net accumulation of waste. In the finite-source implementation used for CCW surface
impoundments, the duration of the leaching period is assumed to be the same as the
operational life of the surface impoundment. Based on industry data (see
Appendix B) for CCW surface impoundments, we used a high-end (90th percentile)
fixed surface impoundment operating life of 75 years. A high-end value was
appropriate because CCW surface impoundments are typically closed with waste in
place, while the surface impoundment source-term model assumes clean closure
(waste removed). In addition, operating life is not a particularly sensitive parameter in
this analysis: the difference between the 50th percentile value (40 years) and the 90th
percentile value used (75 years) is less than a factor of two.

= Liner Type, Thickness, Hydraulic Conductivity, and Leak Density. The type of
liner is used to calculate leachate flux from the impoundment. To assign one of the
three liner scenarios to each facility in the EPRI survey (EPRI, 1997), we used the
same crosswalk as we used for landfills (see Table 3-2). Attachment B-2 to Appendix
B provides these assignments, along with the original EPRI liner type, for each CCW
surface impoundment modeled.

As with IWEM (U.S. EPA, 2002b), clay liners were assumed to be 3 feet thick and to
have a constant hydraulic conductivity of 107 cm/s, reflecting typical design specifications for
clay liners. For composite liners, infiltration was assumed to result from defects (pin holes) in
the geomembrane. The pin holes were assumed to be circular and uniformly sized (6 mm?). The
leak density was defined as the average number of circular pin holes per square meter and was
obtained from a study of industrial surface impoundment membrane liner leak rates by Tetra
Tech (2001).

3.3.4 Surface Impoundment Model Outputs

For each year in the simulation, the surface impoundment source-term model uses the
average annual leachate concentration and calculates an infiltration rate to estimate the
constituent flux through the bottom of the impoundment. This time series is used as an input for
the EPACMTP unsaturated zone model.

3.4 Groundwater Model

This section describes the methodology and the models that were used to predict the fate
and transport of chemical constituents in soil and groundwater to determine impacts on drinking
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water wells and surface water that is connected to groundwater. The surface water model used to
address the groundwater-to-surface water pathways is described in Section 3.5.

3.4.1 Conceptual Model

The groundwater pathway was modeled to determine the receptor well concentrations
and contaminant flux to surface water resulting from the release of waste constituents from a
WMU. The release of a constituent occurs when liquid percolating through the WMU becomes
leachate as it infiltrates from the bottom of the WMU into the subsurface. For landfills, the liquid
percolating through the landfill is from water in the waste and precipitation. For surface
impoundments, the percolating liquid is primarily the wastewater managed in the impoundments.

Waste constituents dissolved in the leachate are transported through the unsaturated zone
(the soil layer under the WMU) to the underlying saturated zone (i.e., groundwater). Once in the
groundwater, contaminants are transported downgradient to a hypothetical receptor well or
waterbody. For this analysis, the groundwater concentration was evaluated for three receptor
locations, each at a specified distance from the downgradient edge of the WMU:

= The intake point of a hypothetical residential drinking water well (the receptor well),
which is used for the residential drinking water pathway

= A nearby river, stream, or lake, which is modeled as a fully penetrating surface
waterbody and is used for the fish ingestion and ecological pathways.

Figure 3-6 shows the conceptual model of the groundwater fate and transport of contaminant
releases from a WMU to a downgradient receptor well.

WASTE MANAGEMENT UNIT

MONITORING
WELL
\ ’\G
LAND SURFACE
LEACHATE
UNSATURATED
ZONE
< WATER TABLE
—
o O
SATURATED 5 [ S
ZONE LEACHATE PLUM

Figure 3-6. Conceptual model of the groundwater modeling scenario.

3.4.2 Modeling Approach and Assumptions

The transport of leachate from the WMU through the unsaturated and saturated zones
was modeled using EPACMTP (U.S. EPA, 1996, 1997a, 2003a, 2003d, 2003d). EPACMTP is a

Draft EPA document. Do not cite or quote. 3-21



Section 3.0 Analysis

composite model consisting of two coupled modules: (1) a one-dimensional module that
simulates infiltration and dissolved contaminant transport through unsaturated soils, and (2) a
3-dimensional saturated zone flow and transport module to model groundwater fate and
transport. EPACMTP has been used by EPA to make regulatory decisions for wastes managed in
land disposal units (including landfills and surface impoundments) for a number of solid waste
and hazardous waste regulatory efforts, and as noted earlier, has undergone extensive peer
review. EPACMTP simulates the concentration arriving at a specified receptor location (such as
a well or stream).

The primary subsurface transport mechanisms modeled by EPACMTP are (1) downward
(1-dimensional) movement along with infiltrating water flow in the unsaturated zone soils and
(2) movement and dispersion along with ambient groundwater flow in the saturated zone.
EPACMTP models soils and aquifer as uniform porous media and does not account for
preferential pathways such as fractures and macropores or for facilitated transport, which may
affect migration of strongly sorbing constituents such as metals.

In the unsaturated zone, flow is gravity driven and prevails in the downward direction.
Therefore, the flow is modeled in the unsaturated zone as one-dimensional in the vertical
direction. The model also assumes that transverse (sideways) dispersion (from both mechanical
and molecular diffusion processes) is negligible in the unsaturated zone because the scale of
lateral migration due to transverse dispersion is negligible compared with the size of the WMUs.
This assumption is also environmentally protective because it allows the leading front of the
contaminant plume to arrive at the water table with greater peak concentration in the case of a
finite source.

In the saturated zone, the EPACMTP model assumes that movement of chemicals is
driven primarily by ambient groundwater flow, which in turn is controlled by a regional
hydraulic gradient and hydraulic conductivity in the aquifer formation. The model does take into
account the effects of infiltration through the WMU, as well as regional recharge into the aquifer
around the WMU. Infiltration through the WMU increases the groundwater flow in all directions
under and near the WMU and may result in groundwater mounding. This 3-dimensional flow
pattern enhances the horizontal and vertical spreading of the contaminant plume. The effect of
recharge (outside the WMU) is to cause a downward (vertical) movement of the contaminant
plume as it travels along groundwater flow direction. In addition to advective movement with the
groundwater flow, the model simulates mixing of contaminants with groundwater due to
hydrodynamic dispersion, which acts along the groundwater flow direction, as well as vertically
and in the horizontal transverse direction.

To model sorption of CCW constituents in the unsaturated zone, soil-water partitioning
coefficients (Kq values) for metal constituents were selected from nonlinear sorption isotherms
generated from the equilibrium geochemical speciation model MINTEQA2 (U.S. EPA, 2001a).
Chemicals with low Kq values will have low retardation factors, which means that they will
move at nearly the same velocity as the groundwater. Chemicals with high K4 values will have
high retardation factors and may move many times slower than groundwater. As described in
Appendix D, CCW-specific partition coefficients were developed with MINTEQAZ considering
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CCW leachate chemistry, including the highly alkaline chemistries that are characteristic of
some CCWs.

MINTEQAZ is a product of ORD, and like EPACMTP, has a long history of peer- and
SAB-review during its development, use, and continued improvement for regulatory support
over the past two decades. These reviews largely focused on the use of MINTEQAZ2 to generate
sorption isotherms for metals for EPACMTP, which is how it was used in the CCW risk
assessment. Two of the more recent peer reviews include one for application within the SMRA
model (U.S. EPA, 1999d) and a review of its use and application to RCRA rulemaking and
guidance support, including revisions made to the model to support IWEM and the CCW
rulemaking efforts (U.S. EPA, 2003f). In the latter review, three experts found that the revisions
made to the MINTEQAZ2 model were appropriate, but also suggested further improvements in
how the model addresses environments with highly alkaline leachate (such as CCW sites). As
explained in Appendix D, these comments were addressed in this application of MINTEQAZ2 to
CCW waste transport by the development of sorption isotherms that are specific to geochemical
conditions encountered in CCW landfills and surface impoundments.

3.4.3 Model Inputs and Receptor Locations

EPACMTP requires information about soil and aquifer properties as model inputs. For
soils, EPACMTP uses soil texture to generate consistent hydrological properties for the
unsaturated zone model, and soil pH and organic matter to select appropriate sorption
coefficients to model contaminant sorption in the soil. As described in Appendix C, site-specific
soil texture, pH, and organic carbon data were collected around each site from the STATSGO
soils database. Similarly, the hydrogeological setting around each WMU was used to select
appropriate aquifer conditions from EPACMTP’s Hydrogeologic Database (HGDB; see
Appendix C).

Recharge is water percolating through the soil to the aquifer outside the footprint of the
WMU. The recharge rate is determined by precipitation and soil texture. For the CCW landfills
and surface impoundments, recharge rates were selected by soil texture and meteorological
station assignment from a database of HELP model—derived recharge rates for climate stations
across the country that is included in the EPACMTP input files. Further details about how these
rates were determined and other options for determining recharge rates outside of the EPACMTP
model can be found in the EPACMTP Parameters/Data Background Document (U.S. EPA,
2003a).

One of the most important inputs for EPACMTP is receptor location, which for this risk
assessment includes residential drinking water wells and surface water bodies. Figure 3-7 shows
a schematic of how residential well drinking water intakes were defined in terms of their radial
downgradient distance from the WMU and the angle off the contaminant plume centerline. The
shaded areas in Figure 3-7 represent the horizontal extent of the contaminant plume.
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Figure 3-7. Schematic plan view showing contaminant plume and receptor well location.

In this analysis, receptor wells were located randomly within the contaminant plume, as
follows:

= Because residential well distance data are not available for CCW WMUs, EPA based
the radial downgradient distance on a nationwide distribution of the nearest
downgradient residential or municipal wells from a survey of Subtitle D municipal
solid waste landfills (U.S. EPA, 1988a; see Appendix C). The maximum radial
distance in this survey was 1 mile. EPA believes that this distribution is protective of
CCW WMUs, but because information on the actual distance of drinking water wells
from CCW facilities is very limited, EPA is seeking comments and additional data
that are relevant to this issue.

= The angle off the contaminant plume centerline (6,,, in Figure 3-7) was based on a
uniform distribution ranging from zero to ninety degrees.

= Wells were placed within the lateral extent of the contaminant plume (shaded portion
in Figure 3-7).

= The depth of the well intake point was based on a uniform distribution with limits of
0 (i.e., well at the water table) to 10 meters (or the total saturated aquifer thickness if
the aquifer is less than 10 meters thick).

The location of the surface waterbody intercepting groundwater flow was specified for
each flow and transport simulation. The waterbody was constrained to lie across the contaminant
plume centerline and its depth was varied uniformly throughout the aquifer thickness or
throughout the upper 10 m of the aquifer thickness, whichever was less.

Downgradient distance to the surface waterbody was determined from an empirical
distribution of distances measured for CCW landfills and surface impoundments (see
Appendix C), which was randomly sampled to develop the distances used in EPACMTP to
calculate groundwater concentrations at those distances in the Monte Carlo analysis.
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3.4.4 Groundwater Model Outputs

The output of EPACMTP is a prediction of the contaminant concentration arriving at a
downgradient groundwater receptor location (either a well or a surface water body). Because a
finite-source scenario was used, the concentration is time-dependent. A maximum time-averaged
concentration was calculated for each constituent across the exposure duration selected in each
Monte Carlo iteration.

3.5 Surface Water Models

For the groundwater-to-surface-water pathway, chemical contaminants leach out of
WMUs and into groundwater, and this contaminated groundwater then discharges into a surface
waterbody through groundwater discharge. Once in the waterbody, the continued fate and
transport of the contaminants is modeled with a surface water model, which uniformly mixes the
contaminants in a single stream segment. Surface water flows in and out of the stream segment.
Surface water flowing into the stream segment is assumed to have zero constituent
concentration, and surface water flowing out has nonzero constituent concentrations due to the
groundwater contamination. EPACMTP assumes a fully penetrating stream; therefore, the entire
groundwater and contaminant flux is passed to the surface water model. To ensure that an
unrealistic flux of contaminated groundwater does not occur, the groundwater flow into the
waterbody is compared to the stream flow. If the groundwater flux exceeds the stream flow, it is
capped at the stream flow and the contaminant flux is reduced using the ratio of the stream flow
to the incoming groundwater flow (i.e., all of the stream flow is assumed to be from groundwater
discharge and the total concentration in the stream is equal to the groundwater concentration).

The waterbody considered in the CCW risk assessment is a river, stream, or lake located
downgradient of the WMU. As described in Appendix C, the flow characteristics and dimensions
for this waterbody are determined by site-specific stream flow data, the width of the groundwater
contaminant plume as it intersects the waterbody, and established relationships between flow and
stream depth. The stream segment modeled in this assessment is assumed to be homogeneously
mixed.

Simple equilibrium partitioning models were used to estimate contaminant concentrations
in the water column, suspended and bed sediments (see Section 3.5.1), and aquatic organisms
(see Section 3.5.2). Special modeling provisions for aluminum are described in Section 3.5.3.

3.5.1 Equilibrium Partitioning Model

The primary surface water model used to estimate groundwater impacts on waterbodies is
a simple steady-state equilibrium-partitioning model adapted from models in EPA’s Indirect
Exposure Methodology (IEM; U.S. EPA, 1998c) and Human Health Risk Assessment Protocol
(HHRAP; U.S. EPA, 1998d). This model is based on the concept that dissolved and sorbed
concentrations can be related through equilibrium partitioning coefficients. This model was used
for all constituents except aluminum, which was modeled based on a solubility approach (see
Section 3.5.3). Although these models have not been specifically peer reviewed in this
application, they have been subject to the Agency’s peer review process as part of the
development of the IEM and HHRAP.
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The model partitions the total mass of chemical contaminant in the waterbody into four
compartments:

= Constituents dissolved in the water column

= Constituents sorbed onto suspended solids

= Constituents sorbed onto sediment particles at the bottom of the waterbody
= Constituents dissolved in porewater in the sediment layer.

Table 3-4 provides the partitioning coefficients used by the surface water model to estimate
contaminant partitioning between water and suspended solids in the water column and between
sediment and porewater in the sediment layer. These distributions were derived from published
empirical data as described in U.S. EPA (1999D).

Table 3-4. Sediment/Water Partition Coefficients: Empirical Distributions®

Distribution

Chemical Type Minimum Mean Maximum SD
Aluminum not used
Antimony log normal 0.6 3.6 4.8 18
Arsenic log normal 1.6 2.4 4.3 0.7
Barium log normal 0.9 2.5 3.2 0.8
Boron log normal -0.5 0.8 14 0.5
Cadmium log normal 0.5 3.3 7.3 1.8
Cobalt log normal 2.2 3.9 5.3 0.8
Lead log normal 2.0 4.6 7.0 1.9
Molybdenum log normal 1.3 2.2 3.2 0.9
Selenium IV log normal 1.0 3.6 4.0 1.2
Selenium VI log normal -1.4 0.6 3.0 1.2
Thallium log normal -0.5 1.3 35 1.1
Total Nitrate Nitrogen constant 0 0 0 0

Source: U.S. EPA (1999b).
SD = standard deviation.
2 All values are log values.

Following calculation of the constituent loading and loss rates, the surface water model
estimates steady-state, equilibrium waterbody contaminant concentrations in each compartment
using equations presented in Attachment E-1 to Appendix E. For evaluating risks to human
health from fish consumption, the model calculates waterbody concentrations using groundwater
loadings that are explicitly averaged over the exposure period for the each human receptor (i.e.,
adult and child fishers). These average waterbody concentrations are then used to calculate fish
concentrations as described in Section 3.5.2. Ecological risks were based on waterbody
concentrations calculated using the peak annual groundwater loading value from EPACMTP.

Draft EPA document. Do not cite or quote. 3-26



Section 3.0 Analysis

The equilibrium—partitioning model, as implemented, is conservative because there are no loss
mechanisms (e.g., burial) for any of the constituents.

3.5.2 Aquatic Food Web Model

An aquatic food web model was used to estimate the concentration of CCW constituents
that accumulate in fish. This risk assessment assumes that fish are a food source for a
recreational fisher. Trophic level three (TL3) and four (TL4) fish® were considered in this
analysis because most of the fish that humans eat are T4 fish (e.g., salmon, trout, walleye, bass)
and medium to large T3 fish (e.g., carp, smelt, perch, catfish, sucker, bullhead, sauger). The
aquatic food web model has been peer reviewed as part of the SMRA model development effort
(see http://www.epa.gov/ epaoswer/hazwaste/id/hwirwste/peer03/aquatic/agtfooda.pdf).

The aquatic food web model calculates the concentration in fish from the concentration
calculated for the waterbody downgradient from the CCW disposal site. The contaminants in the
water column consist of dissolved constituents and constituents sorbed to suspended solids. For
all constituents, the contaminant concentrations in fish were calculated from the total waterbody
concentration (i.e., dissolved plus sorbed to suspended solids) using bioconcentration factors
(BCFs), which are presented in Table 3-5. The equations used to model fish tissue concentrations
are provided in Attachment E-2 to Appendix E.

Table 3-5. Bioconcentration Factors for Fish

CAS Chemical T3 Value T4 Value Units Reference
7429-90-5 | Aluminum ND ND L/kg
7440-36-0 | Antimony 0 0 L/kg Barrows et al. (1980)
22569-72-8 | Arsenic (111) 4.0E+00 4.0E+00 | L/kg Barrows et al. (1980)
15584-04-0 | Arsenic (V) 4.0E+00 4.0E+00 L/kg Barrows et al. (1980)
7440-39-3 | Barium ND ND L/kg
7440-42-8 | Boron ND ND L/kg
7440-43-9 | Cadmium 2.7E+02 2.7E+02 | L/kg Kumada et al. (1972)
7440-48-4 | Cobalt ND ND L/kg
7439-92-1 | Lead 4.6E+01 4.6E+01 L/kg Stephan (1993)
7439-98-7 | Molybdenum 4.0E+00 4.0E+00 L/kg Eisler (1989)
10026-03-6 | Selenium (1V) 4.9E+02 1.7E+03 | L/kg Lemly (1985)
7782-49-2 | Selenium (V1) 4.9E+02 1.7E+03 | L/kg Lemly (1985)
7440-28-0 | Thallium 3.4E+01 1.3E+02 L/kg T3: Barrows et al. (1980)
T4: Stephan (1993)
14797-55-8 | Total Nitrate Nitrogen ND ND L/kg

ND = No Data. Fish concentrations were not calculated for constituents with no BCF data.

® TL3 fish are those that consume invertebrates and plankton; TL4 fish are those that consume other fish.

Draft EPA document. Do not cite or quote. 3-27



Section 3.0 Analysis

3.5.3 Aluminum Precipitation Model

A simple precipitation model was used for aluminum in lieu of the equilibrium-
partitioning model, because aluminum is generally solubility limited in natural waters. The
MINTEQAZ2 model was used to estimate total soluble aluminum concentrations as a function of
pH for a typical surface waterbody (Stumm and Morgan, 1996; Drever, 1988). By assuming the
common aluminum silicate mineral gibbsite was the equilibrium solid phase, the computed
values of total dissolved aluminum were interpreted as the maximum expected for each pH. If
more aluminum were added to the system, it would be expected to precipitate as the mineral
gibbsite for the system to maintain equilibrium. Table 3-6 shows the maximum dissolved
aluminum concentrations as a function of waterbody pH.

The precipitation model initially calculates the aluminum concentration in the surface
water column by assuming that all aluminum in the groundwater flux is dissolved. If this
concentration exceeds the maximum soluble concentration based on pH, the dissolved
concentration is capped and the excess aluminum is assumed to precipitate as the mineral
gibbsite and settle to the benthic sediment layer. The equations used in this model are presented
in Appendix E.

Table 3-6. Aluminum Solubility as a Function of Waterbody pH?

Minimum pH Maximum pH Solubility (mg/L)

35 4.5 26.2

4.5 5 1.84

5 5.5 0.196
55 6 0.0112

6 6.5 0.00143
6.5 7 0.000662
7 7.5 0.000915
7.5 8 0.00229
8 8.5 0.00682
8.5 9 0.0212

9 9.5 0.0666
9.5 10 0.211

10 10.5 0.668

& Computed using MINTEQA2

Only the water column concentration for aluminum was used in subsequent exposure and
risk calculations, because there is no available ecological benchmark for aluminum in sediment.
The water column concentration was used to calculate human exposure via drinking water
ingestion, as well as risk to ecological receptors exposed via direct contact.
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3.6 Human Exposure Assessment

The human exposure component of the full-scale analysis assessed the magnitude,
frequency, duration, and route of exposure to CCW contaminants that an individual may
experience. The term “exposure,” as defined by the EPA exposure guidelines (U.S. EPA, 1992),
as the condition that occurs when a contaminant comes into contact with the outer boundary of
the body. The exposure of an individual to a contaminant completes an exposure pathway (i.e.,
the course a constituent takes from the WMU to an exposed individual). Once the body is
exposed, the constituent can cross the outer boundary and enter the body. The amount of
contaminant that crosses and is available for adsorption at internal exchange boundaries is
referred to as the “dose” (U.S. EPA, 1992).

This risk assessment evaluated the risk from CCW contaminants to receptors in the
vicinity of a WMU. The individuals evaluated were those residents closest to the WMU. The
distances from the WMU to the residents were taken from a distribution of distances to the
nearest residential drinking water well measured for municipal landfills and, for the recreational
fisher, a distribution of the distance of the nearest surface water body from CCW landfills and
surface impoundments (see Appendix C).

Section 3.6.1 presents an overview of the receptors and selected exposure pathways
considered for this assessment, including a discussion of how childhood exposure is considered
in the analysis. Section 3.6.2 presents exposure factors (i.e., values needed to calculate human
exposure) used in the analysis. Section 3.6.3 describes the methods used to estimate dose,
including average daily dose (ADD) and lifetime average daily dose (LADD).

3.6.1 Receptors and Exposure Pathways

Human receptors may come into contact with constituents present in environmental
media through a variety of pathways. The exposure pathways considered in the full-scale
analysis were ingestion of drinking water from contaminated groundwater sources and ingestion
of fish from surface water contaminated by groundwater.

= Ingestion of Drinking Water. Groundwater from an offsite well was assumed to be
used for drinking water for residents (adult and child).

= Ingestion of Fish. Fish are exposed to constituents via uptake of contaminants from
surface water. Adult recreational fishers and their children were assumed to consume
fish caught in local waterbodies. Although conservative, EPA considers this
assumption to be reasonable and protective for fishers relying on locally caught fish
as a food source.

Table 3-7 lists each human receptor type considered in this analysis along with the specific
exposure pathways that apply to that receptor. Both adult and child residents are exposed by
drinking groundwater, and adult fishers and their children are exposed by eating fish caught in
streams and lakes impacted by CCW.
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Table 3-7. Receptors and Exposure Pathways

Ingestion of Ingestion of
Receptor Drinking Water Fish
Adult resident v
Child resident v
Adult recreational fisher v
Child of recreational fisher v

Childhood Exposure

Children are an important subpopulation to consider in a risk assessment because they
may be more sensitive to exposures than adults. Compared with adults, children may eat more
food and drink more fluids per unit of body weight. This higher intake-rate-to-body-weight ratio
can result in a higher ADD for children than adults.

As children mature, their physical characteristics and behavior patterns change. To
capture these changes in the analysis, the life of a child was considered in stages represented by
the following cohorts: cohort 1 (ages 1 to 5), cohort 2 (ages 6 to 11), cohort 3 (ages 12 to 19),
and cohort 4 (ages 20 to 70). Associated with each cohort are distributions of exposure
parameters that reflect the physical characteristics and behavior patterns of that age range. These
exposure parameters are required to calculate exposure to an individual. The distributions for the
20- to 70-year-old cohort were the same as those used for adult receptors.

To capture the higher intake-rate-to-body-weight ratio of children, a start age of 1 year
was selected for the child receptors. The exposure duration distribution for cohort 1 (a 1- to 5-
year-old) was used to define exposure duration for the child receptors for each of the 10,000
iterations in the probabilistic analysis. For each individual iteration, the child receptor is aged
through the age cohorts as appropriate until the age corresponding to the selected exposure
duration is reached (e.g., if an exposure duration of 25 years was selected for an iteration, the
child was aged from 1 year to 25 years, spending 5 years in cohort 1, 6 years in cohort 2, 8 years
in cohort 3, and 6 years in cohort 4, for a total of 25 years).

3.6.2 EXxposure Factors

The exposure factors used are listed in Table 3-8, along with their data sources and
variable type (i.e., whether they were represented as a distribution or a fixed value in the Monte
Carlo analysis). These exposure factors were used to calculate the dose of a chemical based on
contact with contaminated media or food, the duration of that contact, and the body weight of the
exposed individuals.
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Table 3-8. Human Exposure Factor Input Parameters and Data Sources

Parameter Variable Type Data Source
Body weight (adult, child) Distribution U.S. EPA (1997c)
Ingestion rate: fish (adult, child) Distribution U.S. EPA (1997d)
Ingestion rate: drinking water (adult, child) Distribution U.S. EPA (1997c)
Exposure duration (adult, child) Distribution U.S. EPA (1997e)
Exposure frequency (adult, child) Fixed (constant) U.S. EPA policy
Fraction contaminated: drinking water Fixed (constant) U.S. EPA policy
Fraction contaminated: fish Fixed (constant) U.S. EPA policy
Fraction of TL3 fish consumed Fixed (constant) U.S. EPA (1997d)
Fraction of TL4 fish consumed Fixed (constant) U.S. EPA (1997d)
Human lifetime (used in carcinogenic risk calculation) Fixed (constant) U.S. EPA policy

The primary data source of human exposure model inputs used in this risk assessment
was EPA’s Exposure Factors Handbook (EFH; U.S. EPA, 1997c-e). The EFH summarizes data
on human behaviors and characteristics related to human exposure from relevant key studies and
provides recommendations and associated confidence estimates on the values of exposure
factors. These data were carefully reviewed and evaluated for quality before being included in
the EFH. EPA’s evaluation criteria included peer review, reproducibility, pertinence to the
United States, currency, adequacy of the data collection period, validity of the approach,
representativeness of the population, characterization of variability, lack of bias in study design,
and measurement error (U.S. EPA, 1997c-e). For exposure factors that were varied in the Monte
Carlo analysis, probability distribution functions were developed from the values in the EFH.

The data sources and assumptions for intake and other human exposure factors used in
this analysis are described below. Appendix F presents the exposure factors used and describes
the rationale and data used to select the form of the distributions (e.g., normal, lognormal,
gamma, Weibull) for those exposure factors that were varied in the probabilistic analysis.

=  Body Weight. Distributions of body weight were developed for adult and child
receptors based on data from the EFH.

= Fish Ingestion Rate. Fish ingestion rates were based on a recreational angler who
catches and eats some fish from a waterbody impacted by contaminants released from
CCW WMUs. Distributions of fish intake rates were developed for adult fishers
based on data from the EFH. Because the EFH does not have fish ingestion rates for
children, adult ingestion rates were used (as a conservative assumption).

= Drinking Water Ingestion Rate. Distributions of drinking water intake rates were
developed for the adult and child resident based on data from the EFH.

= Exposure Duration. Exposure duration refers to the amount of time that a receptor is
exposed to a contaminant source. Exposure duration was assumed to correspond with
the receptor’s residence time in the same house. Exposure durations were determined
using data on residential occupancy from the EFH. The data used to develop
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parameter information for resident receptors were age-specific. Thus, separate
exposure duration distributions were developed for adult and child residents.

= Exposure Frequency. Exposure frequency is the frequency with which the receptor
is exposed to the contaminated source during the exposure duration. Exposure
frequency is not expected to vary much, so distributions were not developed for
exposure frequency. All receptors were assumed to be exposed to the contaminant
source 350 days/year. This value is based on the conservative assumption that
individuals are away from their homes (e.g., on vacation) approximately 2 weeks out
of the year, but are otherwise exposed daily.

= Lifetime and Averaging Time. Averaging time is the period of time over which a
receptor’s dose is averaged. To evaluate carcinogens, total dose was averaged over
the lifetime of the individual, assumed to be 70 years. To evaluate noncarcinogens,
dose was averaged over the last year of exposure because noncancer effects may
become evident during less-than-lifetime exposure durations if toxic thresholds are
exceeded. Essentially, this amounts to setting exposure duration and averaging time
equal so that they cancel each other out in the equation for ADD. Thus, neither
exposure duration nor averaging time is included in the ADD equation.

3.6.3 Dose Estimates

An exposure assessment estimates the dose to each receptor from the contaminant
concentration in the exposure medium (e.g., drinking water, fish) and the intake rate for that
medium (e.g., ingestion rate of drinking water, ingestion rate of fish). For this assessment,
exposure estimates were based on the potential dose (e.g., the dose ingested) rather than the
applied dose (e.g., the dose delivered to the gastrointestinal tract) or the internal dose (e.g., the
dose delivered to the target organ). Doses from groundwater or fish ingestion were calculated by
multiplying the contaminant concentration in groundwater or fish by the respective intake rate on
a per kilogram body weight basis. Doses were then summed over the exposure duration,
resulting in an ADD received from ingestion exposure. The ADD was used to assess noncancer
risk from ingestion exposures and is defined as

ADD = Cx IR (3-2)
where
C = average concentration (mass/volume or mass/mass)
IR = intake rate (mass/body weight mass/time, or volume/body weight

mass/time).

Contaminant concentration represents the concentration of a chemical in a medium that
contacts the body. The ADD was calculated from concentrations averaged over the exposure
duration for each receptor.

For cancer effects, where the biological response is described in terms of lifetime
probabilities even though exposure may not occur over the entire lifetime, dose is presented as a
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LADD. The LADD was used to assess cancer risks from each exposure route (i.e., ingestion) and
is defined as

C x IR x ED x EF

LADD = (3-3)
AT x 365
where
C = average concentration (mass/mass or mass/volume)
IR = intake rate (mass/body weight mass/time, or volume/body weight
mass/time)
ED = exposure duration (yr)
EF = exposure frequency (d/yr)
AT = averaging time (yr)
365 = units conversion factor (d/yr).

As with the ADD, contaminant concentration represents the concentration of a chemical
in a medium that contacts the body. Intake rate depends on the route of exposure; for example, it
might be an inhalation rate or an ingestion rate. Exposure frequency is the number of days per
year the receptor is exposed to the contaminated source during the exposure duration.

For cancer effects, biological responses are described in terms of lifetime probabilities,
even though exposure may not be lifelong; consequently, the exposure duration (the length of
time of contact with a contaminant) was used to average the ADD over a lifetime (70 years). The
media concentrations used were averaged over the duration of exposure.

3.7  Toxicity Assessment

A chemical’s ability to cause an adverse human health effect depends on the toxicity of
the chemical, the chemical’s route of exposure to an individual (ingestion, inhalation, or direct
contact), the duration of exposure, and the dose received (the amount that a human ingests or
inhales). Similar principles apply to ecological receptors, although exposure duration is much
shorter than for human receptors because humans generally live longer then ecological receptors.
For a risk assessment, the toxicity of a constituent is defined by a human health or ecological
benchmark for each route of exposure. A benchmark is a quantitative value used to predict a
chemical’s possible toxicity and ability to induce an adverse effect at certain levels of exposure.
Because different chemicals cause different health effects at different doses, benchmarks are
chemical-specific.

Appropriate human health and ecological benchmarks for the constituents of potential
concern in CCW wastes were collected as part of the screening assessment. The same
benchmarks were used in the full-scale risk assessment, with a few updates. The data sources and
collection methodology for these benchmarks are described briefly in Sections 3.7.1 (human
health benchmarks) and 3.7.2 (ecological benchmarks), and in more detail in Appendix G
(human health benchmarks) and Appendix H (ecological benchmarks). The discussion here is
limited to the 12 constituents assessed in the full-scale risk assessment and for humans, covers
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only oral benchmarks (because all inhalation pathway risks fell below the screening criteria in
the screening assessment). Appendices G and H cover all constituents and routes.

3.7.1 Human Health Benchmarks

Human health benchmarks for chronic oral exposures were needed for the full-scale
analysis. These health benchmarks were derived from toxicity data based on animal studies or
human epidemiological studies. Each benchmark represents a dose-response estimate that relates
the likelihood and severity of adverse health effects to exposure and dose. This section presents
the noncancer and cancer benchmarks used to evaluate human health effects that may result from
exposure to the constituents modeled.

Chronic human health benchmarks were used to evaluate potential noncancer and cancer
risks. These include reference doses (RfDs) to evaluate noncancer risk from oral exposures and
oral cancer slope factors (CSFs) to evaluate cancer risk from oral exposures. The benchmarks are
chemical-specific and do not vary between age groups.

= The RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of
a daily exposure to the human population (including sensitive subgroups) that is
likely to be without appreciable risk of deleterious noncancer effects during a
lifetime. The RfD provides a reference point to gauge the potential effects (U.S. EPA,
2002c). At exposures increasingly greater than the RfD, the potential for adverse
health effects increases. Lifetime exposure above the RfD does not imply that an
adverse health effect would necessarily occur.

= The CSF is an upper-bound estimate (approximating a 95 percent confidence limit)
of the increased human cancer risk from a lifetime exposure to an agent. This
estimate is usually expressed in units of proportion (of a population) affected per
milligram of agent per kilogram body weight per day (mg/kg-d). Unlike RfDs, CSFs
do not represent “safe” exposure levels; rather, they relate levels of exposure with a
probability of effect or risk.

Human health benchmarks are available from several sources. Health benchmarks
developed by EPA were used whenever they were available. Sources of human health
benchmarks were used in the following order of preference:

= Integrated Risk Information System (IRIS) (U.S. EPA, 2002c¢)

= Superfund Technical Support Center Provisional Benchmarks

= Health Effects Assessment Summary Tables (HEAST) (U.S. EPA, 1997f)

= Various other EPA health benchmark sources

= ATSDR minimal risk levels (MRLs) (ATSDR, 2002).

These sources are described in more detail in Appendix G.

The chronic human health benchmarks used in the full-scale analysis are summarized in
Table 3-9. For most constituents, human health benchmarks were available from IRIS.
Benchmarks for a few constituents were obtained from ATSDR and Superfund Provisional
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Benchmarks U.S. EPA (2001c,d). For chemicals for which purely health-based benchmarks were
not available (lead), a drinking water action level was used (U.S. EPA, 2002d).

Cadmium has two RfDs, one for exposures via water and one for exposures via food. The

RfD for water was used for drinking water ingestion and the RfD for food was used for fish

consumption.

Table 3-9. Human Health Benchmarks Used in the Full-Scale Analysis

Type of

Constituent Benchmark Value Units Source?
Cancer Benchmark
Arsenic CSF 1.5E+00 | (mgkg-d)t | IRIS
Noncancer Benchmarks
Aluminum RfD 2.0E+00 mg/kg-d ATSDR
Antimony RfD 4.0E-04 mg/kg-d IRIS
Barium RfD 2.0E-01 mg/kg-d IRIS
Boron RfD 2.0E-01 mg/kg-d IRIS
Cadmium RfD (water)® 5.0E-04 mg/kg-d IRIS

RfD (food)® 1.0E-03 mg/kg-d IRIS
Cobalt RfD 2.0E-02 mg/kg-d Superfund
Lead MCL 0.015 mg/L DWAL
Molybdenum RfD 5.0E-03 mg/kg-d IRIS
Nitrate/Nitrite MCL® 10 mg/L DWAL
Selenium RfD 5.0E-03 mg/kg-d IRIS
Thallium RfD 8.0E-05 mg/kg-d IRIS
# References:
ATSDR: Minimal Risk Levels, ATSDR (2002) IRIS: U.S. EPA (2002c)
DWAL: Drinking Water Action Level, U.S. EPA (2002d) HEAST: U.S. EPA (1997f)

Superfund:  Superfund Risk Issue Paper, U.S. EPA (2001c,d)

b Used for drinking water ingestion.

¢ Used for fish ingestion.

4 For nitrate.

3.7.2 Ecological Benchmarks

The ecological risk assessment addresses two routes of exposure for ecological receptors,
direct contact with contaminated media and ingestion of contaminated food items. For each
constituent for which ecological effect data were available, HQs were calculated using chemical-
specific media concentrations assumed to be protective of ecological receptors of concern. To
calculate ecological HQs, these media concentrations (also known as chemical stressor
concentration limits [CSCLs]) were divided by the estimated media concentrations. The CSCLs
are media-specific environmental quality criteria intended to represent a protective threshold
value for adverse effects to various ecological receptors in aquatic ecosystems (surface water and
sediment). The CSCLs were developed to be protective of the assessment endpoints chosen for
this assessment. An HQ greater than 1 indicates that the predicted concentration exceeds the
CSCL, and therefore, the potential for adverse ecological effects exists. In this regard, the use of
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CSCLs to calculate an ecological HQ is analogous to the use of the reference concentration
(RfC) for human health where the air concentration is compared to the health-based
concentration (the RfC), and an HQ greater than 1 is considered to indicate the potential for
adverse health effects.

Table 3-10 shows the receptor types assessed for each exposure route (direct contact and
ingestion) in each environmental medium addressed by the CCW risk assessment.

Table 3-10. Ecological Receptors Assessed by Exposure Route and Medium
(Surface Water or Sediment)

Surface Water Surface Water
Receptor Type (water column) Sediment
Direct Contact Exposure
Aquatic Community v
Sediment Community 4
Amphibians v
Aquatic Plants and Algae v
Terrestrial Plants
Ingestion Exposure
Mammals v
Birds v

Ecological receptors that live in close contact with contaminated media are considered to
be potentially at risk. These receptors are exposed through direct contact with contaminants in
surface water and sediment. The benchmarks for receptor communities (aquatic or sediment
communities) are not truly community-level concentration limits in that they do not consider
predator-prey interactions. Rather, they are based on the theory that protection of 95 percent of
the species in the community will provide a sufficient level of protection for the community (see,
for example, Stephan et al., 1985, for additional detail). Appendix H summarizes the benchmark
derivation methods for each receptor assessed for the direct contact route of exposure.

The ingestion route of exposure addresses the exposure of terrestrial mammals and birds
through ingestion of aquatic plants and prey. Thus, the benchmarks for ingestion exposure
represent media concentrations that, based on certain assumptions about receptor diet and
foraging behavior, are expected to be protective of populations of mammals and birds feeding
and foraging in contaminated areas.

For birds and mammals, the derivation of ingestion benchmarks required the selection of
appropriate ecotoxicological data based on a hierarchy of sources. The assessment endpoint
chosen for birds and mammals was population viability and therefore, the ingestion benchmarks
were based on study data for physiological effects that are relevant to populations. These data
included measures of reproductive fitness, developmental success, survival, and other
toxicological effects that could have a significant impact on the population rather than just the
health of an individual animal. Choosing these measures of effect provided the basis to evaluate
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the potential for adverse effects at the population level by inference; this analysis does not

evaluate the effects on population dynamics in the sense that a reduction in the population is
predicted over time in response to exposure to constituents released from CCW. Population-level
modeling was well beyond the scope of this risk assessment.

Once an appropriate ingestion exposure study was identified, a benchmark was
calculated. Appendix H describes the basic technical approach used to convert avian or
mammalian benchmarks (in daily doses) to the CSCLs (in units of concentration) used to assess
ecological risks for contaminated surface water and sediment. The methods reflect exposure
through the ingestion of contaminated plants, prey, and various media, and include parameters
on accumulation (e.g., BCFs), uptake (e.g., consumption rates), and dietary preferences.

Where multiple ecological benchmarks were available for a pathway of interest, the
benchmark that produced the lowest (most sensitive) CSCL for each chemical in each medium
was used. For example, several types of receptors (the aquatic community, amphibians, aquatic
plants, mammals, birds) can be exposed to contaminants in surface water. The surface water
criterion for a given constituent represents the lowest CSCL for these receptors, and thus gives
the highest (most protective) HQ. The CSCLs used to assess ecological endpoints in the full-
scale analysis and the associated receptor are summarized in Table 3-11. Additional details on
the CCW ecological benchmarks and CSCLs and their development can be found in

Appendix H.

Table 3-11. Ecological Risk Criteria Used in the Full-Scale Analysis

Constituent Medium? Exposure Route CSCL Units Receptor
Aluminum Surface Water Direct contact 0.09 mg/L Aquatic biota
Arsenic total Sediment Ingestion 0.51 mg/kg Spotted sandpiper
Arsenic Il Surface Water Direct contact 0.15 mg/L Aquatic biota
Arsenic IV Surface Water Direct contact 8.10E-03 mg/L Aguatic biota
Barium Sediment Ingestion 190 mg/kg Spotted sandpiper

Surface Water Direct contact 4.00E-03 mg/L Aquatic biota
Boron Surface Water Direct contact 1.60E-03 mg/L Aguatic biota
Cadmium Sediment Direct contact 0.68 mg/kg Sediment biota

Surface Water Direct contact 2.50E-03 mg/L Aquatic biota
Cobalt Surface Water Direct contact 0.02 mg/L Aquatic biota
Lead Sediment Ingestion 0.22 mg/Kkg Spotted sandpiper

Surface Water” Ingestion 3.00E-04 | mg/L River otter
Selenium total Surface Water Direct contact 5.00E-03 mg/L Aquatic biota
Selenium IV Surface Water Direct contact 0.03 mg/L Aquatic biota
Selenium VI Surface Water Direct contact 9.5E-03 mg/L Agquatic biota

Source: U.S. EPA (1998)
2 If a medium (surface water or sediment) is not listed, there were insufficient data to develop a benchmark for it.
® Includes ingestion of fish.

Ecological benchmarks for both the screening and full-scale CCW risk assessment were
taken directly from the 1998 fossil fuel combustion risk assessment, Non-Groundwater
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Pathways, Human Health and Ecological Risk Analysis for Fossil Fuel Combustion Phase 2
(FFC2) (U.S. EPA, 1998a). The receptors and endpoints selected for the 1998 analysis were
evaluated and considered appropriate for the goals of this risk assessment. The benchmarks were
derived for each chemical and receptor to the extent that supporting data were available.

3.8 Risk Estimation

The final step of the risk assessment process is to estimate the risk posed to human and
ecological receptors (e.g., residents, fishers; aquatic organisms). In this step, estimates of toxicity
(the human health and ecological benchmarks) and exposure doses or exposure concentrations
are integrated into quantitative expressions of risk. For the CCW constituents modeled in the
full-scale assessment, the CCW human risk assessment uses estimates of dose and toxicity to
calculate individual excess lifetime carcinogenic risk estimates and noncancer HQs (Section
3.8.1). The risk calculations for ecological receptors differ from those for humans because the
ecological benchmarks are developed as media concentrations (i.e., they are calculated
considering ecological exposure). Thus the CCW risk assessment uses estimates of exposure
(media) concentrations and toxicity (media-specific concentration limits) to calculate an
ecological HQ (Section 3.8.2).

3.8.1 Human Health Risk Estimation

The full-scale analysis focused on two human health exposure pathways: groundwater-to-
drinking-water and groundwater-to-surface-water via fish consumption by recreational fishers.
The cancer and noncancer health impacts of ingesting groundwater and fish contaminated by
CCW leachate were estimated using the risk endpoints shown in Table 3-12. These endpoints
were generated for each iteration of the Monte Carlo analysis. Only the cancer endpoint was
used for arsenic, because it is the more sensitive endpoint compared to noncancer effects. For the
other 11 constituents, only noncancer HQs were calculated, using the appropriate noncancer
endpoint.

Table 3-12. Risk Endpoints Used for Human Health

Risk Category Risk Endpoints Definition
Cancer Effects Lifetime excess cancer risk by pathway Lifetime excess cancer risk resulting from
(arsenic only) and chemical single pathway exposure
Noncancer Effects Ingestion HQ by pathway and chemical Ingestion HQ resulting from single
pathway exposure
Ingestion HQ based on drinking water Lead and copper ingestion HQ resulting
action level for lead and copper from drinking water pathway
Average daily dose for fish consumption Lead exposure resulting from fish
for lead ingestion pathway

Cancer risks for arsenic were characterized using lifetime excess cancer risk estimates,
which represent the excess probability of developing cancer over a lifetime as a result of
exposure to the chemical of interest. Lifetime excess cancer risk estimates use the LADD (see
Section 3.6.3) as the exposure metric. Lifetime excess cancer risk estimates are the product of
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the LADD for a specific receptor and the corresponding cancer slope factor, as shown in
Equation 3-4.

Lifetime excess cancer risk, = LADD, x CSF (3-4)
where
LADD = lifetime average daily dose for ingestion pathway i (mg/kg BW/d)
I = pathway index
CSF = cancer slope factor (mg/kg BW/d)™.

Noncancer risk is characterized through the use of HQs, which are generated by dividing
an ADD (see Section 3.6.3) for ingestion pathways by the corresponding RfD.” An HQ
establishes whether a particular individual has experienced exposure above a threshold for a
specific health effect. Therefore, unlike cancer risk estimates, HQs are not probability
statements. Rather, the RfD represents an estimate (with uncertainty spanning perhaps an order
of magnitude) of a daily oral exposure to the human population (including sensitive subgroups)
that is likely to be without an appreciable risk of deleterious effects during a lifetime. It can be
derived from a no observed adverse effect level (NOAEL), from a low observed adverse effect
level (LOAEL), or from a benchmark dose, with uncertainty factors generally applied to reflect
limitations of the data used. Equation 3-5 shows the calculation for the ingestion HQ. This
calculation was completed for each pathway considered (i.e., drinking water ingestion and fish
consumption).

Ho, = PP (3-5)
RfD
where
ADD; = average daily dose for ingestion pathway i (mg/kg-d)
i = pathway index
RfD = reference dose (mg/kg-d).

The risk results address risk from exposure via the groundwater-to-drinking-water and
groundwater-to-surface-water pathway separately. This is appropriate because the resident
consuming contaminated groundwater may not be the recreational fisher who is consuming
contaminated fish. Also, the arrival time of the contaminant plume to the stream and the human
receptor may not be the same for a particular iteration.? However, a resident may consume fish
caught from a nearby stream or lake and contaminated drinking water if the travel times are
similar, so that possibility should be considered as an uncertainty in this analysis.

For each receptor type, lifetime excess cancer risk estimates for arsenic were calculated
separately for the drinking water and fish consumption pathways.

" HQs calculated for lead in drinking water were based on the drinking water action level (0.015 mg/L); lead
exposures from fish ingestion are reported as an ADD.
& Stream distance and well distance were sampled independently in the Monte Carlo analysis.
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3.8.2 Ecological Risk Estimation

The full-scale analysis addressed two routes of exposure for ecological receptors: direct
contact with contaminated media and ingestion of contaminated food items. HQs were calculated
using chemical-specific media concentrations assumed to be protective of ecological receptors of
concern through either exposure route (CSCLs). As described in Section 3.7.2, these ecological
benchmarks were developed for representative organisms and communities in each
environmental medium of concern.

For a particular Monte Carlo iteration, HQs were calculated for sediment and surface
water as the ratio between the media concentration and the ecological benchmark. Because the
CSCLs were derived for an HQ of 1 (for relevant ecological endpoints), the ratio of a constituent
concentration in a media to the media-specific CSCL represents the HQ for that constituent and
pathway. For surface water, the HQ was calculated as follows:

Hqurface water = CSW / CSCI—SW (3-6)
where
Csw = total concentration in surface water column (mg/L)
CSCLsw = ecological benchmark for surface water (mg/L).

Similarly, for sediment, the HQ was calculated as

HQsediment = Csediment / CSCI—sediment (3'7)
where
Csediment = total concentration in sediment (mg/kg)
CSClsegiment = ecological benchmark for sediment (mg/kg).

Because the sediment and surface water benchmarks were based on separate receptor
communities, it is not appropriate to add HQs across pathways.
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4.0 Risk Characterization

This section summarizes the results of the full-scale Monte Carlo analysis and
characterizes those results in terms of significant uncertainties and the scenarios and factors that
influence risks to human health and the environment. Results are presented by receptor, pathway,
and WMU type.

An overview of the assessment on which these results are based (e.g., waste management
scenarios, analysis framework) is provided in Section 2. Section 3 provides more details on
analysis methodologies, parameter values, and assumptions. In this section, Section 4.1 presents
results from the human health risk assessment and includes an analysis of how liner conditions
influence results. Section 4.2 presents the results from the ecological risk assessment. Tables
summarizing the human and ecological results are presented in each section. Section 4.3
describes the sensitivity analysis conducted for the CCW risk assessment, and Section 4.4
discusses how variability and uncertainty have been addressed, including a semi-quantitative
review of the potential impact of some of the more significant uncertainties on results.

Probabilistic results are based on a Monte Carlo simulation in 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. Per the Guidance for Risk
Characterization developed by the EPA Science Policy Council in 1995 (http://www.epa.gov/
OSA/spc/pdfs/rcguide.pdf), EPA defined the high end of the risk distribution at the 90th
percentile risk or hazard estimate generated during the Monte Carlo simulation. Thus, the 90th
percentile risk results are shown in this section as the high end estimate of the risk distribution
generated during the Monte Carlo simulation of constituent release, fate and transport, and
exposure associated with CCW disposal in landfills and surface impoundments. In addition, the
50th percentile results are presented as the central tendency estimate of that risk distribution.

For exposure scenarios describing the waste management unit type (e.g., lined landfill;
unlined surface impoundment), location (e.g., meteorological region), receptor (e.g., child), and
health endpoint (e.g., cancer), the 90th percentile risk represents the high-end estimate that is
compared to the appropriate risk criteria (for cancer or noncancer) to help determine whether
CCW disposal practices are protective of public health. The risk criteria used are defined in
terms of estimated lifetime cancer risk and noncancer hazard attributable to CCW disposal. The
risk criteria adopted for this assessment are

= For chemical constituents that cause cancer (carcinogens), the criterion is an estimated
excess lifetime cancer risk for exposed individuals of 1 case in 100,000 (i.e., 1x107)

= For constituents that cause adverse, noncancer health effects (noncarcinogens), the
criterion is a HQ of greater than 1, with the HQ being the ratio of the average daily
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exposure level to a protective exposure level corresponding to the maximum level at
which no appreciable effects are likely to occur.

In general, the full-scale analysis showed lower risks than the screening analysis, but still
showed risks above risk criteria for certain CCW constituents, WMU types, pathways, and
receptors at the 90th percentile. At the 50th percentile, risks are still above the risk criteria for
both WMU types, but for fewer constituents and pathways. The results presented herein are
subject to further interpretation, as EPA queries the CCW risk inputs and outputs to investigate
how the results may be affected by (1) waste types and environmental and waste management
conditions, (2) assumptions made about these conditions in designing the probabilistic analysis,
and (3) the availability of facility data.

4.1 Human Health Risks

This section presents the 90th and 50th percentile risk results for the two human exposure
pathways evaluated in the full-scale analysis: (1) groundwater-to-drinking-water and
(2) groundwater-to-surface-water (fish consumption). Results are presented for the two WMU
types addressed in the analysis: landfills and surface impoundments, and show the distribution of
risks across all waste types by liner type (from the EPRI survey data). The human health risk
criteria for the analysis were a 10™ excess cancer risk for arsenic and an HQ greater than 1 for
the other constituents, each of which exhibits noncarcinogenic effects.

4.1.1 Groundwater-to-Drinking-Water Pathway

Tables 4-1 and 4-2 present the 90th and 50th percentile risk results, respectively, for the
groundwater-to-drinking water pathway for landfills and surface impoundments. Results are
shown across all units combined (i.e., across all liner types), as well as for each of the three unit
types modeled in the analysis (unlined, clay-lined, and composite-lined). Except for arsenic, the
results presented are for a child resident, because those risks for noncarcinogens were
consistently higher than the risks for the adult resident. For arsenic, a carcinogen, adult risks are
presented because the longer exposure duration and higher intake rates cause risks to be slightly
higher for adults than for children. Results for arsenic and selenium are based on the arsenic |11
and selenium V1 species, which are more mobile in soil and groundwater (causing higher
receptor well concentrations). Results for other arsenic and selenium species for comparison can
be found in the model uncertainty discussion in Section 4.4.2.

Figures 4-1 and 4-2 show the 90th and 50th percentile risk results. For each constituent,
the graphs plot the 90th percentile (Figure 4-1) or 50th percentile (Figure 4-2) HQ or cancer risk
level against the risk criteria (10 cancer risk or an HQ greater than 1) by the liner types reported
in the EPRI survey. As in the table, the constituents are shown in order from highest risk in the
full-scale analysis to lowest; the risk criteria are shown by the solid vertical line. Composite
liners are not plotted in these figures when risks are below the x-axis minimum.

Note that not all 12 chemicals modeled in the full-scale assessment are presented for each
pathway/WMU scenario. Only the chemicals for which the risks in the screening assessment
exceeded the screening criteria for the scenario and for which constituent data were adequate to
model and assess risks were modeled in the full-scale assessment, and only those modeled
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chemical/pathway/WMU scenarios are shown in the tables and figures. For example, antimony
and thallium risks are not presented for surface impoundments because of a high proportion of
nondetects in the surface impoundment data for these CCW constituents. Similarly, adequate
cobalt data were available only for surface impoundments. Screening-level human health risks
for barium were below the screening criteria; therefore, barium is shown only in the ecological
risk tables and figures. The screening analysis results in Section 2.1 and Table 2-3 show which
CCW constituents were modeled for each pathway/WMU scenario.

Table 4-1. Summary of 90th Percentile Full-Scale CCW Human Risk Results:
Groundwater-to-Drinking-Water Pathway

90th Percentile HQ or Cancer Risk Value?
All Units Unlined Clay-Lined Composite-Lined

Chemical® Combined® Units Units Units
Landfills
Arsenic (cancer) 3E-04 5E-04 2E-04 0
Thallium 2 3 1 0
Antimony 0.7 1 0.6 0
Molybdenum 0.9 1 0.7 0
Lead (MCL)® 0.4 0.9 0.2 0
Cadmium 0.2 0.3 0.2 0
Boron 0.3 0.5 0.3 0
Selenium 0.2 0.4 0.2 0
Nitrate/Nitrite (MCL)® 0.1 0.2 0.07 3E-06
Surface Impoundments
Arsenic (cancer) 6E-03 9E-03 3E-03 4E-07
Molybdenum 4 5 3 7E-03
Cobalt 4 5 0.9 0
Cadmium 4 5 1 2E-09
Lead (MCL)® 3 5 0.9 1E-20
Boron 3 3 2 4E-03
Selenium 1 1 0.8 1E-03
Nitrate/Nitrite (MCL)® 0.9 1 1 6E-04

# Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results indicate

that contaminant infiltration rates were too small for the contaminant plume to reach the receptor

during the 10,000 year period of the analysis.

® Note that not every chemical that was selected for full-scale modeling was modeled in every
pathway/WMU scenario: only chemicals with adequate data and that were identified in the
screening analysis as needing further assessment (see Section 2.1) were modeled for each scenario.

° Results across all unit types combined (unlined, clay-lined, and composite-lined).
¢ Values are ratios of exposure concentration to MCL.
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Table 4-2. Summary of 50th Percentile Full-Scale CCW Human Risk Results:
Groundwater-to-Drinking-Water Pathway

50th Percentile HQ or Cancer Risk Valug®
All Units Unlined Clay-Lined Composite—
Chemical® Combined® Units Units Lined Units
Landfills
Arsenic (cancer) 3E-06 1E-05 5E-06 0
Thallium 0.07 0.2 0.09 0
Antimony 0.01 0.05 0.02 0
Molybdenum 0.01 0.03 0.02 0
Lead (MCL)® 2E-07 5E-03 6E-08 0
Cadmium 4E-03 0.01 6E-03 0
Boron 4E-03 0.01 7E-03 0
Selenium 6E-03 0.02 8E-03 0
Nitrate/Nitrite (MCL)® 4E-03 0.01 5E-03 0
Surface Impoundments
Arsenic (cancer) 1E-04 3E-04 9E-05 0
Molybdenum 0.6 0.9 0.4 5E-12
Cobalt 9E-03 0.02 3E-03 0
Cadmium 0.06 0.08 0.03 0
Lead (MCL)® 0.05 0.09 9E-03 0
Boron 0.1 0.2 0.1 6E-12
Selenium 0.08 0.1 0.05 5E-12
Nitrate/Nitrite (MCL)" 0.03 0.04 0.02 7E-08

a

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

indicate that contaminant infiltration rates were too small for the contaminant plume to reach the
receptor during the 10,000 year period of the analysis.

Note that not every chemical that was selected for full-scale modeling was modeled in every

pathway/WMU scenario: only chemicals with adequate data and that were identified in the
screening analysis as needing further assessment (see Section 2.1) were modeled for each scenario.

Results across all unit types combined (unlined, clay-lined, and composite-lined).
Values are ratios of exposure concentration to MCL.
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A cancer risk of 10° or an HQ greater than 1 are the risk criteria for this analysis.
Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined).
Note: When the composite liner bar does not appear on the chart, the 90th percentile risk index
is below the minimum shown on the x-axis.

Figure 4-1. Full-scale 90th percentile risk results for the
groundwater-to-drinking-water pathway.
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A cancer risk of 10° or an HQ greater than 1 are the risk criteria for this analysis.
Results for “all units combined” are results across all liner types (unlined, clay-lined, composite-lined).
Note: When the composite liner bar does not appear on the chart, the 50th percentile risk index
is below the minimum shown on the x-axis.

Figure 4-2. Full-scale 50th percentile risk results for the
groundwater-to-drinking-water pathway.
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As can be seen in Figure 4-1, the full-scale analysis produced lower risks for landfills
than surface impoundments. For landfills, at the 90th percentile, arsenic shows risks above a
cancer risk of 1x10° for both unlined units (5x10™) and clay-lined units (2x10™*) and thallium
shows a noncancer risk (3) above an HQ of 1 only for unlined units. Figure 4-2 shows that at the
50th percentile, all risks were at or below the risk criteria. Composite-lined units show zero or
negligible risks (well below the risk criteria) for all constituents and percentiles examined.

For surface impoundments, the full-scale analysis produced arsenic risk estimates at the
90th percentile above a cancer risk of 1x10™ for both unlined units (9x10°) and clay-lined units
(3x10®) and a noncancer HQ above the criteria for boron (3), lead (5), cadmium (5), cobalt (5),
and molybdenum (5) for unlined units, and for boron (2) and molybdenum (3) for clay-lined
units. At the 50th percentile, only arsenic has risks above the 10™ risk criterion for unlined
(3x10™) and clay-lined (9x10°) surface impoundments. And as with landfills, the risks from
composite-lined surface impoundments are well below the risk criteria.

The higher risks for surface impoundments as compared to landfills reflect higher
constituent concentrations in the surface impoundment wastes, a higher proportion of unlined
units (see Section 4.1.4), and a higher hydraulic head in an impoundment that drives leachate
into the underlying soil with greater force than infiltration in landfills. This higher head results in
a greater flux of contaminants to groundwater during the active life of the surface impoundment,
especially in unlined units. In combination with the higher CCW constituent concentrations in
surface impoundment porewater and a greater proportion of unlined units, these factors lead to
more and higher risk exceedances for surface impoundments than for landfills.

The analysis demonstrates that the presence of liners, especially composite liners, reduce
leaching and risks from CCW landfills and surface impoundments. Note that 90th percentile
risks from composite liners are zero for most constituents for landfills, which means that in 90
percent of the cases, the contaminant did not reach the receptor well in the 10,000 year limit for
this analysis. These zero values reflect the liner leakage rates in the empirical data set used to
develop composite landfill liner infiltration rates used in this risk assessment (from U.S. EPA,
2002b; see Section 3.2.2), which are mostly zero values or very low in terms of infiltration rate.
Although these infiltration rates are based on the best data available to EPA, these data are not
specific to CCW facilities and therefore represent an uncertainty in this analysis (see Sections
3.2.2and 4.4.3.2).

Composite liners also significantly reduced risks for surface impoundments for several
constituents at the 90th percentile by 4 to 10 orders of magnitude and generated risk results well
below the risk criteria for this analysis. Infiltration rates for composite-lined surface
impoundments are largely controlled by leak density (see Section 3.3), which is an empirical
distribution from the same source as the landfill infiltration rates (U.S. EPA, 2002b), and are
subject to similar uncertainties.

Arrival times for the peak arsenic concentration used to calculate risks are plotted as
cumulative distributions for surface impoundments and landfills in Figure 4-3. As can be seen in
the figure, the peak arrival time for surface impoundments is usually less than 100 years (i.e.,
peak concentration occurs shortly after closure); the 50th percentile is 78 years, and the 75th
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percentile is 105 years.? Arrival times for landfills are much longer, ranging from hundreds to
thousands of years; the 50th percentile is 618 years and the 75th percentile is 3,343 years. The
shorter arrival times for surface impoundments are primarily due to the hydraulic head of the
waste liquids in the unit and the lower prevalence of liners in surface impoundments; by contrast,
landfill leaching is driven by infiltration of precipitation through the cap and liner of the unit.

The arrival time of the peak concentration corresponds to the arrival of the maximum
risk; however, for runs where the risk exceeds the risk criteria, the concentration that results in
risk at the risk criteria will arrive somewhat before the peak concentration. Overall, however, the
time to reach the risk criteria should be similar to the peak arrival times shown in Figure 4-3.

CCW Landfills - All Waste Types CCW Surface Impoundments - All Waste Types

100 100

90 — EY S ——
80 / 80 //
70 / 70
o 60 o 604
g 50 g 50
LI g 4 ]
30 / 30 1
20 20 1
10 10
0 0

60 100 140 180 220 260 300 340 380 420 460 500 540 580
Time to Peak Concentration (years) Time to Peak Concentration (years)
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Figure 4-3. Comparison of peak arrival times for arsenic for
CCW landfills and surface impoundments.

4.1.2 Groundwater-to-Surface-Water (Fish Consumption) Pathway

Tables 4-3 and 4-4 present the 90th and 50th percentile risk results, respectively, for the
fish consumption pathway, where fish are contaminated by groundwater seeping into a
waterbody downgradient from the WMU. The results presented are for a fisher’s child because
those risks were consistently higher than the risks for the adult fisher. Results for arsenic are
based on arsenic 111, which is more mobile in soil and groundwater (and so had higher receptor
concentrations). The selenium results are based on selenium VI, which also represents the
highest receptor concentrations. The uncertainty resulting from the model’s inability to speciate
metals during transport is discussed in Section 4.4.2.

For surface impoundments, 90th percentile selenium and arsenic risks for unlined units
are slightly above a cancer risk of 1x10™° (2x107, arsenic) and slightly above a noncancer HQ of
1 (2 for selenium). Risks are below the risk criteria for clay-lined and composite-lined surface
impoundments. Again, risks are higher for surface impoundments than for landfills (where risks
are below risk criteria for all constituents) because of the higher waste concentrations, higher
hydraulic head in these units, and a lower prevalence of liners, as discussed previously for the
drinking water pathway. Fish consumption pathway 50th percentile results are well below the
risk criteria for all constituents, waste management scenarios, and liner types.

2 In other words, 50 percent of the arrival times are less than 78 years and 75 percent are less than 105 years.
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As with the groundwater-to-drinking-water pathway analysis, the absence of risk from
composite-lined units suggests that the composite liners modeled in this analysis are effective at
preventing contaminants from reaching the surface waterbodies of interest.

Table 4-3. Summary of 90th Percentile Full-Scale CCW Human Risk Results:

Groundwater-to-Surface-Water (Fish Consumption) Pathway

90th Percentile HQ or Cancer Risk Value?

All Units
Combined | Unlined | Clay-Lined | Composite-Lined
Chemical® ¢ Units Units Units

Landfills
Arsenic (cancer) 6E-07 1E-06 3E-07 0
Selenium 0.3 0.7 0.1 0
Thallium 0.2 0.4 0.07 0
Cadmium 0.02 0.06 9E-03 0
Surface Impoundments
Avrsenic (cancer) 1E-05 2E-05 7E-06 6E-13
Selenium 2 2 1 2E-06
Cadmium 0.1 0.2 0.09 3E-15

a

scenario.

Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach
the receptor during the 10,000 year period of the analysis.

Note that not every chemical that was selected for full-scale modeling was modeled in every
pathway/WMU scenario: only chemicals with adequate data and that were identified in the
screening analysis as needing further assessment (see Section 2.1) were modeled for each

Results across all unit types combined (unlined, clay-lined, and composite-lined).
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Table 4-4. Summary of 50th Percentile Full-Scale CCW Human Risk Results:
Groundwater-to-Surface-Water (Fish Consumption) Pathway

50th Percentile HQ or Cancer Risk Value?
All Units Unlined Clay-Lined | Composite-Lined
Chemical® Combined® Units Units Units
Landfills
Arsenic (cancer) 6E-11 1E-09 3E-10 0
Selenium 5E-05 7E-04 2E-04 0
Thallium 3E-05 5E-04 2E-04 0
Cadmium 2E-06 5E-05 8E-06 0
Surface Impoundments
Arsenic (cancer) 2E-08 5E-08 3E-09 0
Selenium 3E-03 7E-03 4E-04 0
Cadmium 3E-04 9E-04 3E-05

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

results indicate that contaminant infiltration rates were too small for the contaminant
plume to reach the receptor during the 10,000 year period of the analysis.

Note that not every chemical that was selected for full-scale modeling was modeled in
every pathway/WMU scenario: only chemicals with adequate data and that were identified
in the screening analysis as needing further assessment (see Section 2.1) were modeled for
each scenario.

Results across all unit types combined (unlined, clay-lined, and composite-lined).

4.1.3 Results by Waste Type/WMU Scenario

As described in Section 3.1, the CCW risk assessment was organized by waste type so
that different waste chemistries could be accounted for in the fate and transport modeling. The
results discussed so far in this report address conventional CCW (fly ash, bottom ash, boiler slag,
FGD sludge) and conventional CCW codisposed with coal refuse.? Section 4.1.3.1 presents these
results by waste type. FBC wastes were also modeled in this assessment, but because of the
small number of FBC waste disposal sites (7) in the EPRI/EPA database, the results are treated
separately in Section 4.1.3.2.

4.1.3.1 Conventional CCW and CCW Codisposed with Coal Refuse

Tables 4-5 and 4-6 show 90™- and 50™-percentile risk results, respectively, by waste type
and unit type for CCW landfills for the groundwater-to-drinking-water pathway. There was little
difference in results between waste types for landfills, which showed very similar risks for
conventional CCW and codisposed CCW and coal refuse. Risks are a factor of 2 or 3 greater for
unlined landfills than for clay-lined landfills. For conventional CCW in landfills, arsenic cancer
risks are 4x10™ for unlined units, 2x10™ for clay-lined units, and 0 for composite-lined units at

® Coal refuse is the waste coal produced from coal handling, crushing, and sizing operations, and tends to have a
high sulfur content and low pH. In the CCW constituent database, codisposed coal refuse includes “combined ash
and coal gob,” “combined ash and coal refuse,” and “combined bottom ash and pyrites.”
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the 90" percentile. Noncancer risks at the 90™ percentile exceeded 1 for only thallium in unlined
units (3) and clay-lined units (2) and antimony in unlined units (2). For codisposed CCW and
coal refuse in landfills, arsenic cancer risks are 5x10™ for unlined units, 2x10™ for clay-lined
units, and 0 for composite-lined units at the 90™ percentile. Noncancer hazard quotients at the
90™ percentile exceeded 1 for only thallium in unlined units (2) and molybdenum in unlined
units (2). 50" percentile risks for the groundwater-to-drinking-water pathway were below the
risk criteria for all waste types in all types of landfills. Landfills with composite liners show zero
risks as modeled in this assessment (see Section 4.1.4 for a further discussion of risks by liner

type).

The difference in risks between waste types is greater for surface impoundments. Tables
4-7 and 4-8 show 90th and 50th percentile risk results, respectively, by waste type and liner type
for CCW surface impoundments (for the drinking water pathway). For conventional CCW in
surface impoundments, arsenic cancer risks are 2x10° for unlined units, 9x10™ for clay-lined
units, and below the risk criteria for composite-lined units at the 90™ percentile. Noncancer
hazard quotients at the 90™ percentile exceeded 1 for nitrate/nitrite (20), molybdenum (8), boron
(7), selenium (2), and lead (3) in unlined units, and nitrate/nitrite (10), molybdenum (5) and
boron (4) in clay-lined units. None of the risk criteria were exceeded at the 90™ percentile in
composite-lined units. For codisposed CCW and coal refuse in surface impoundments, arsenic
cancer risks are 2x107 for unlined units, 7x10° for clay-lined units, and below the risk criteria
for composite-lined units at the 90™ percentile. Noncancer hazard quotients at the 90" percentile
exceeded 1 for cadmium (9), cobalt (8), lead (9), and molybdenum (3) in unlined units, and
cadmium (3), cobalt (3), and molybdenum (2) in clay-lined units. None of the risk criteria were
exceeded at the 90" percentile in composite-lined units. As noted above, codisposal of CCW
and coal refuse in surface impoundments results in risks up to 10-fold greater than those seen for
conventional CCW managed in surface impoundments. This is likely due to the higher metal
concentrations and the acidity of coal refuse leachate” for surface impoundments in the CCW
database. As with landfills, clay-lined units show lower risks by a factor of 2 or 3 than unlined
units, and composite liners show negligible or zero risks for either waste type.

* Metals tend to show greater solubility and mobility in acidic leachate.
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Table 4-5. 90th Percentile Risk Results by CCW Type: Landfills,
Groundwater-to-Drinking-Water Pathway

90th Percentile HQ or Cancer Risk Value?
All Units Unlined Clay-Lined Composite-
Chemical Combined® Units Units Lined Units
Conventional CCW - 79 landfills
Arsenic (cancer) 3E-04 4E-04 2E-04 0
Thallium 2 3 2 0
Antimony 1 2 0.8 0
Molybdenum 0.9 1 0.8 0
Lead (MCL)® 0.5 1 0.3 0
Cadmium 0.4 0.7 0.4 0
Boron 0.4 0.7 0.4 0
Selenium 0.1 0.2 0.1 0
Nitrate/nitrite (MCL)® 0.07 0.1 0.06 2E-06
Codisposed CCW and Coal Refuse — 41 landfills
Arsenic (cancer) 3E-04 5E-04 2E-04 0
Thallium 1 2 1 0
Molybdenum 0.8 2 0.6 0
Antimony 0.5 0.8 0.3 0
Selenium 04 0.7 0.3 0
Lead (MCL)* 0.3 0.7 0.09 0
Boron 0.2 0.3 0.1 0
Nitrate/nitrite (MCL)® 0.2 0.2 0.1 3E-06
Cadmium 0.1 0.2 0.07 0

# Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach
the receptor during the 10,000 year period of the analysis.

® HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined).

¢ Values are ratios of exposure concentration to MCL.
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Table 4-6. 50th Percentile Risk Results by CCW Type: Landfills,
Groundwater-to-Drinking-Water Pathway

50th Percentile HQ or Cancer Risk Valug®
All Units Unlined Clay-Lined Composite-
Chemical Combined® Units Units Lined Units

Conventional CCW - 79 landfills

Arsenic (cancer) 2E-06 6E-06 4E-06 0
Thallium 0.08 0.2 0.1 0
Antimony 0.02 0.04 0.02 0
Molybdenum 0.03 0.05 0.04 0
Lead (MCL)® 3E-08 4E-04 2E-08 0
Cadmium 0.005 0.01 0.008 0
Boron 0.007 0.01 0.01 0
Selenium 0.004 0.009 0.006 0
Nitrate/nitrite (MCL)® 0.002 0.004 0.003 0
Codisposed CCW and Coal Refuse — 41 landfills

Arsenic (cancer) 4E-06 2E-05 6E-06 0
Thallium 0.06 0.2 0.07 0
Molybdenum 0.006 0.02 0.006 0
Antimony 0.01 0.05 0.02 0
Selenium 0.008 0.03 0.01 0
Lead (MCL)* 6E-07 0.01 2E-07 0
Boron 0.002 0.008 0.003 0
Nitrate/nitrite (MCL)® 0.01 0.04 0.009 0
Cadmium 0.003 0.02 0.004 0

# Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach
the receptor during the 10,000 year period of the analysis.

® HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined).

¢ Values are ratios of exposure concentration to MCL.

Draft EPA document. Do not cite or quote. 4-13



Section 4.0

Risk Characterization

Table 4-7. 90th Percentile Risk Results by CCW Type: Surface
Impoundments, Groundwater-to-Drinking-Water Pathway

90th Percentile HQ or Cancer Risk Value®
All Units Unlined Clay-Lined Composite-
Chemical Combined® Units Units Lined Units
Conventional CCW - 44 surface impoundments
Arsenic (cancer) 1E-03 2E-03 9E-04 2E-07
Nitrate/nitrite (MCL)® 10 20 10 9E-04
Molybdenum 6 8 7E-03
Boron 5 7 5E-03
Selenium 2 2 1E-03
Lead (MCL)® 1 3 0.7 1E-21
Cadmium 0.4 05 0.3 4E-11
Cobalt 0.01 0.01 6E-03 0
Codisposed CCW and Coal Refuse — 72 surface impoundments
Arsenic (cancer) 2E-02 2E-02 7E-03 4E-06
Cadmium 8 9 3 5E-05
Cobalt 7 8 3 4E-08
Lead (MCL)® 6 9 1 1E-19
Molybdenum 3 3 2 4E-03
Boron 1 1 0.5 2E-03
Selenium 0.8 0.8 0.4 1E-03
Nitrate/nitrite (MCL)® 0.3 0.4 0.2 1E-04

# Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach the
receptor during the 10,000 year period of the analysis.

b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined).

¢ Values are ratios of exposure concentration to MCL.
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Table 4-8. 50th Percentile Risk Results by CCW Type: Surface
Impoundments, Groundwater-to-Drinking-Water Pathway

50th Percentile HQ or Cancer Risk Valug®
All Units Unlined Clay-Lined Composite—
Chemical Combined® Units Units Lined Units
Conventional CCW — 44 surface impoundments
Arsenic (cancer) 7E-05 1E-04 6E-05 0
Nitrate/nitrite (MCL)® 0.05 0.1 0.05 7E-08
Molybdenum 0.6 11 05 2E-11
Boron 0.2 0.4 0.2 3E-11
Selenium 0.07 0.1 0.07 2E-11
Lead (MCL)* 0.02 0.05 0.007 0
Cadmium 0.03 0.05 0.02 0
Cobalt 0.001 0.003 8E-04 0
Codisposed CCW and Coal Refuse — 72 surface impoundments
Arsenic (cancer) 4E-04 6E-04 2E-04 0
Cadmium 0.1 0.1 0.05 0
Cobalt 0.3 0.4 0.09 0
Lead (MCL)* 0.09 0.1 0.01 0
Molybdenum 0.6 0.8 0.3 3E-18
Boron 0.1 0.1 0.06 5E-15
Selenium 0.08 0.1 0.03 5E-15
Nitrate/nitrite (MCL)® 0.02 0.03 0.01 4E-08

# Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach the
receptor during the 10,000 year period of the analysis.

b HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined).

¢ Values are ratios of exposure concentration to MCL.

4.1.3.2 FBC Wastes

Tables 4-9 and 4-10 show the 90™- and 50™-percentile risk results for FBC landfills by
unit type. At the 90" percentile in landfills, arsenic cancer risks are 3x10™® for unlined units,
6x107 for clay-lined units, and 0 for composite-lined units. Noncancer hazard quotients exceed
1 for only thallium (4) and antimony (3) in clay-lined units. No risks exceeded the risk criteria at
the 50" percentile. These results suggest lower risks than for conventional CCW and CCW
codisposed with coal refuse. The difference may be attributed to lower FBC leachate
concentrations and the alkaline nature of FBC waste.

Note that clay-lined FBC landfills show higher risks than unlined facilities, which is
counterintuitive considering how clay-lined and unlined units are designed and operated. This
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result reflects the characteristics of the limited number and locations of FBC landfills® and
illustrates how the probabilistic analysis design and availability of facility data can impact risk
results (and why FBC results are treated separately in the risk characterization). As presented in
Section 3.1.2 and in Figure 3-2, the Monte Carlo analysis was designed to evaluate risks posed
by current waste management practices for a given WMU type, waste type, and waste
constituent. This approach limits the effects of data availability for the different liner
configurations when the risks are aggregated over all units (lined and unlined) combined.
However, when the risk results of an exposure pathway are viewed at a resolution finer than the
analysis design, a small sample size for a particular waste and WMU type scenario (as occurs for
FBC waste), along with the interactions of liner type with other site-based inputs (notably
infiltration rate and the size of the WMU), can produce unexpected results. In the case of FBC
wastes, the characteristics (primarily infiltration rate and areas) of the three unlined landfills
were such that their risks were lower than the clay-lined FBC landfills.

Table 4-9. 90th Percentile Risk Results for FBC Wastes: Landfills,
Groundwater-to-Drinking-Water Pathway

90th Percentile HQ or Cancer Risk Value?
All Units Unlined Clay-Lined Composite-

Chemical Combined® Units Units Lined Units
FBC Waste — 7 landfills
Arsenic (Cancer) 4E-05 3E-05 6E-05 0
Thallium 2 1 4 0
Antimony 1 0.8 0
Lead (MCL)® 0.4 0.4 0.6 0
Molybdenum 0.3 0.2 0.5 0
Cadmium 0.2 0.1 0.3 0
Selenium 0.1 0.08 0.1 0
Nitrate/nitrite (MCL)* 0.05 0.03 0.07 5E-08
Boron 0.04 0.02 0.07 0

# Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach the
receptor during the 10,000-year period of the analysis.

® HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined).

¢ Values are ratios of exposure concentration to MCL.

> FBC WMU data were available for only seven landfills (3 unlined, 3 clay-lined, and 1 composite-lined), and it is
not known how representative these data are with respect to WMU characteristics and locations throughout the
United States.
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Table 4-10. 50th Percentile Risk Results for FBC Wastes: Landfills,
Groundwater-to-Drinking-Water Pathway

50th Percentile HQ or Cancer Risk Value?
All Units Unlined Clay-Lined Composite-
Chemical Combined® Units Units Lined Units
FBC Waste — 7 landfills
Arsenic (Cancer) 0 0 4E-07 0
Thallium 0.008 0 0.2 0
Antimony 0.002 0 0.09 0
Lead (MCL)° 0 0 2E-04 0
Molybdenum 0.003 0 0.04 0
Cadmium 4E-07 0 0.01 0
Selenium 3E-04 0 0.01 0
Nitrate/nitrite (MCL)® 1E-04 3E-08 0.004 0
Boron 2E-04 0 0.003 0

 Values are HQs for all chemicals except arsenic; arsenic values are cancer risk. Zero results
indicate that contaminant infiltration rates were too small for the contaminant plume to reach
the receptor during the 10,000-year period of the analysis.

® HQ or risk across all unit types combined (unlined, clay-lined, and composite-lined).

¢ Values are ratios of exposure concentration to MCL.

4.1.4 Results by Unit Type

The effect of unit type on human health risk for the groundwater-to-drinking-water
pathway can be seen in Tables 4-1 and 4-2, which compare 90th and 50th percentile risks,
respectively, for WMUSs that are unlined, clay lined, and lined with composite liners from the
1995 EPRI survey data (EPRI, 1997). At the 90th percentile, lined units produced lower risk
estimates than unlined units for all constituents modeled. Composite liners produced very low to
zero risk estimates as compared to clay liners for all constituents modeled for both landfills and
surface impoundments. For surface impoundments, clay liners produced higher risk estimates for
all constituents as compared to clay liners in landfills. Similar trends are evident at the 50th
percentile, where composite liners produced risk estimates of zero or near zero for all
constituents for surface impoundments.

Table 4-11 shows the frequency of each of the unit types in the 1995 EPRI survey data
modeled in this analysis, and it compares these data with the unit type frequency in the more
recent DOE/EPA study (U.S. DOE, 2006). The 56 WMUs surveyed in the U.S. DOE 2006 study
were commissioned between 1994 and 2004. Although the actual number of WMUSs that were
established in that timeframe cannot be verified, based on proxy data (i.e., CCW available for
disposal in those states with identified, new WMUSs and coal-fired power plant generating
capacity), the sample coverage is estimated to be at least between 61 and 63 percent of the total
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population of the newly commissioned WMUs.® With the exception of one landfill, the newly
constructed facilities are all lined, with either clay, synthetic, or composite liners. The single
unlined landfill identified in the recent DOE report receives bottom ash, which is characterized
as an inert waste by the state, and therefore, a liner is not required. As Table 4-11 shows, there is
a marked trend away from unlined WMUs in favor of lined units, with a distinct preference for
synthetic or composite liners. Comparison of the 26 coal combustion plants in both the EPRI
survey and the DOE/EPA survey (U.S. DOE, 2006) shows that although most of those facilities
(17 of 26) were using unlined WMUs in 1995, all 26 are now placing wastes in new or expanded
landfills or surface impoundments that are lined with clay, synthetic, or composite liners.
However, it is likely that the older unlined units were closed with wastes in place, and that these
wastes therefore still pose a threat through groundwater pathways. Also, the number of unlined
unit that continue to operate in the United States cannot be determined from the available data.

Table 4-11. Unit Types in EPRI Survey

Surface
Liner Type Landfills Impoundments
1995 EPRI Survey® — 181 facilities
Unlined 40% 68%
Compacted clay 45% 27%
e or st | 1om
Total 100% 100%
2004 DOE Survey® — 56 Facilities
Unlined 3% 0%
Compacted clay 29% 17%
Syt r oo | e
Total 100% 100%

2 EPRI (1997)
b U.S.DOE (2006)

As described in Sections 3.2.1 and 3.3.1, the characteristics of the liners used in the CCW
risk were taken from the IWEM model as representative of the general performance of each liner
type. For landfills, an engineered compacted clay liner (3 feet thick, with a hydraulic
conductivity of 1 x 107 cm/s) reduced the 90th percentile risk by a factor of about 2 to 4
compared to no liner, but did not change the constituents at or above the risk criteria (arsenic and
thallium). For surface impoundments, clay liners did reduce the risk to just below the risk criteria
for cobalt, lead, and selenium.

Composite (clay and synthetic) liners, as modeled in this risk assessment (see
Sections 3.2 and 3.3), were much more effective at reducing risk for all constituents; 90th (and

® For additional details as to how these estimates were derived, the reader is referred to the DOE study, pages S-2 —
S-3 of the Summary Section and Section 3.1.2..
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50th) percentile risks with composite liners for landfills were zero’ for arsenic and metals and
very low or zero for nitrate/nitrite, and were well below the risk criteria for all constituents for
surface impoundments. The analysis used data collected for composite liner performance at
industrial waste management facilities, including liner leakage rate for landfills and the number
of liner perforations for surface impoundments (TetraTech, 2001). Because data on CCW liner
leakage rates are not available, there is some uncertainty in applying these Industrial D liner
performance data to CCW disposal units. Still, these rates do reflect actual performance data
from liners under real WMUSs, and they demonstrate that composite liners can be effective in
reducing leaching from CCW WMUSs and suggest that there will be a significant decrease in risk
from CCW disposal if more facilities line their WMUs with composite liners. Information from
the more recent DOE/EPA study (U.S. DOE, 2006) indicates that composite liners are much
more prevalent in newly constructed facilities, so the risks from CCW disposal should be lower
for newer CCW landfills and surface impoundments.

4.15 Constituents Not Modeled in the Full-Scale Assessment

As described in Section 2.1.1.2, resources did not allow full-scale modeling to be
conducted for all 21 constituents that were above the screening criteria in the initial screening
analysis; nine constituents that were judged to likely have generally lower risks to human health
and ecological risks were not modeled in the full-scale risk assessment.® Five of these chemicals
(chromium, fluoride, manganese, vanadium, and nickel) had drinking water pathway HQs in the
screening analysis ranging from 1 to less than 6 for surface impoundments, and three (chromium,
fluoride, and vanadium) had screening HQs of 2 for landfills.

To address these constituents, we developed surrogate risk attenuation factors by dividing
the screening risk results by the full-scale risk results, across all unit types combined, for the
constituents modeled in the full-scale assessment. This comparison was done only for the
drinking water exposure pathway, the only human health exposure pathway for which the risks
for these constituents were above the screening criteria. Table 4-12 shows the risk attenuation
factor statistics for the modeled constituents, and Table 4-13 shows the results of applying the
median and 10th percentile attenuation factors to the screening risk results for the marginal
constituents. Differences in attenuation among the modeled constituents reflects differences in
contaminant sorption and mobility. The 10th percentile attenuation factor was selected as a
conservative value representing the more mobile constituents, such as arsenic, selenium, and
molybdenum. The 50th percentile (or median) risk represents a central tendency value.

For landfills, the risk attenuation factors ranged from 6 to 40, with the lower attenuation
factors mainly representing the more mobile constituents (i.e., those with lower soil sorption
potential). Both the median and 10th percentile risk attenuation factors were adequate to reduce
risks for all nine constituents below an HQ of 1.

" The absence of risk indicates that contaminant infiltration rates were too small for the contaminant plume to reach
the receptor well during the 10,000 year period of the analysis. See Section 3.2.2 for a discussion of the empirical
liner infiltration data used in this analysis.

® These constituents of marginal concern had no human health HQs greater than 6 and only one or no ecological
HQs greater than 100.
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For surface impoundments, risk attenuation factors were considerably lower, ranging
from 1 to 9, reflecting higher contaminant mobility due to the higher hydraulic head in surface
impoundments (as compared to landfills) and a lower proportion of liners. For the same reason,
the screening HQs for surface impoundments were higher than the landfill HQs. As a result of
this combination of higher HQs and lower risk attenuation factors, only the HQ for nickel was
reduced to below 1 by applying the attenuation factors. The other constituents (chromium,
fluoride, manganese, and vanadium) still show risks slightly above the risk criteria, with HQs
ranging from 1.4 to 3.5. This is consistent with the general trend in this analysis of surface
impoundments showing higher risks and more risks exceeding the risk criteria than CCW
landfills.

Table 4-12. Risk Attenuation Factor?® Statistics for Modeled Constituents—
Groundwater to Drinking Water Pathway

Statistic Landfill Surface Impoundment
10th percentile 7 1.6

50th percentile 12 2.6

Average 16 3.3
Maximum 40 9.3

Number of data points 9 8

 The risk attenuation factor is the ratio of the full-scale analysis risk and
screening analysis risk for a constituent modeled in the full-scale analysis.

Table 4-13. Summary of Risk Results for Constituents Using Risk Attenuation Factors—
Groundwater-to-Drinking-Water Pathway

Landfill Surface Impoundment

HQ with HQ with
HQ with 10th HQ with 10th

Screening Median Percentile | Screening Median Percentile

WMU/Pathway HQ Attenuation | Attenuation HQ Attenuation | Attenuation
Chromium VI 2.3 0.2 0.3 4.2 1.6 2.6
Fluoride 1.8 0.2 0.3 5.2 2.0 3.3
Manganese 1 0.1 0.1 5.6 2.2 35
Vanadium 2.2 0.2 0.3 2.3 0.9 1.4
Nickel - = = 13 0.5 0.8
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4.2  Ecological Risks

EPA defines ecological risk characterization in terms of (1) the risk estimation, which
integrates the exposure and stressor-response profile to estimate the likelihood of adverse
ecological effects and (2) the risk description, which synthesizes the overall conclusion of the
assessment and addresses assumptions, uncertainty, and limitations.

For assessments that are based on a HQ approach, as this one is, the comparison of
modeled exposure concentrations to CSCLs to estimate risk has a binary outcome: either the
constituent concentration is above the environmental quality criteria (HQ greater than 1) or the
concentration is below the criteria (HQ less than or equal to 1). For the full-scale analysis, an
ecological HQ greater than 1 was selected by EPA as a criterion for decision making. Because
the CSCLs were based on de minimis ecological effects, it is generally presumed that an HQ at
or below 1 indicates a low potential for adverse ecological effects for those receptors included in
the analysis for which data are available. However, it is important to recognize that although this
method provides important insight into the potential for adverse ecological effects, the results are
relevant only to those receptors that were included in the assessment and for which data were
available. The results have limited utility in interpreting the ecological significance of predicted
effects, and caution should be exercised in extrapolating to ecosystems (e.g., wetlands) and
receptors (e.g., threatened and endangered species) not explicitly modeled.

This section presents risk results for the two groundwater-to-surface-water ecological
exposure pathways investigated in the full-scale analysis: (1) receptors exposed to CCW
constituents in the water column (surface water receptors) and (2) receptors exposed to CCW
constituents in bed sediment (sediment receptors). Results are presented for the two WMU types
addressed in the analysis: landfills and surface impoundments. The ecological risk results are
presented for all unit types combined and were not broken out separately for the different unit

types.

The ecological risk results suggest the potential for adverse ecological effects to aquatic
systems from CCW releases into the subsurface and subsequent connection with surface waters,
particularly for CCW managed in unlined surface impoundments. As with human health risks,
the higher prevalence of liners in newer facilities should result in lower risks in current and
future CCW disposal facilities than those presented in this risk assessment.

4.2.1 Surface Water Receptors

Table 4-14 presents the 90th and 50th percentile results for the groundwater-to-surface-
water pathway for surface water receptors for landfills and surface impoundments. For landfills,
only boron (200) and lead (4) show HQs above the risk criteria at the 90th percentile. For surface
impoundments, boron (2000), lead (20), arsenic (10), selenium (10), cobalt (5), and barium (2)
showed 90th percentile risks above the risk criteria. The 50th percentile results are well below
an HQ of 1 for landfills and only exceed an HQ of 1 for boron (4) in surface impoundments.

The difference in the number and magnitude of HQs that exceed the risk criterion
between landfills and surface impoundments is likely the result of higher CCW constituent
concentrations in surface impoundment porewater and the greater flux of contaminants to
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groundwater predicted during the active life of the surface impoundment. As discussed in
Section 4.1, the higher infiltration rates for surface impoundments result from a higher hydraulic
head in the impoundment and a higher proportion of unlined surface impoundments than
landfills.

Table 4-14. Summary of Full-Scale CCW Ecological Risk Results:
Groundwater-to-Surface-Water Pathway, Aquatic Receptors®

90th Percentile | 50th Percentile

Chemical HQ HQ Pathway Receptor
Landfills
Boron 200 0.04 direct contact | aquatic biota
Lead 4 2E-08 ingestion river otter
Selenium 1 3E-04 direct contact | aquatic biota
Arsenic 0.7 9E-10 direct contact | aquatic biota
Barium 0.8 3E-18 direct contact | aquatic biota
Cadmium 0.3 3E-05 direct contact | aquatic biota
Aluminum 0.008 1E-09 direct contact | aquatic biota
Surface Impoundments
Boron 2000 4 direct contact | aquatic biota
Lead 20 0.02 ingestion river otter
Arsenic 10 0.01 direct contact | aquatic biota
Selenium 10 0.02 direct contact | aquatic biota
Cobalt 5 0.007 direct contact | aquatic biota
Barium 2 0.003 direct contact | aquatic biota
Cadmium 1 0.004 direct contact | aquatic biota
Aluminum 0.02 0.0003 direct contact | aquatic biota

& Zero results indicate that contaminant infiltration rates were too small for the
contaminant plume to reach the receptor during the 10,000 year period of the analysis.

4.2.2 Sediment Receptors

Table 4-15 presents the 90th and 50th percentile results of the ground-water-to-surface-
water pathway for sediment receptors for landfills and surface impoundments. For landfills, lead,
(20), arsenic (6), and cadmium (2) show 90th percentile risks above the risk criteria. For surface
impoundments, lead (200), arsenic (100), and cadmium (20) showed 90th percentile risks above
the risk criteria. Although cadmium was not above the risk criterion in surface water, it did have
an HQ of 20 in sediments at the 90th percentile. None of the constituents modeled showed
sediment risks at or above the risk criteria at the 50th percentile.
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Table 4-15. Summary of Full-Scale CCW Ecological Risk Results:
Groundwater-to-Surface-Water Pathway, Sediment Receptors®
90th Percentile | 50th Percentile

Chemical HQ HQ Pathway Receptor
Landfills
Lead 20 3E-08 ingestion spotted sandpiper
Arsenic 6 7E-04 ingestion spotted sandpiper
Cadmium 2 6E-05 direct contact | sediment biota
Antimony 0.9 4E-05 direct contact | sediment biota
Molybdenum 0.05 1E-05 ingestion spotted sandpiper
Barium 0.002 6E-21 ingestion spotted sandpiper
Surface Impoundments
Lead 200 0.05 ingestion spotted sandpiper
Arsenic 100 0.2 ingestion spotted sandpiper
Cadmium 20 0.009 direct contact | sediment biota
Molybdenum 0.7 0.002 ingestion spotted sandpiper
Barium 0.007 8E-06 ingestion spotted sandpiper

& Zero results indicate that contaminant infiltration rates were too small for the contaminant
plume to reach the receptor during the 10,000 year period of the analysis.

4.2.3 Constituents Not Modeled in the Full-Scale Assessment

As described in Section 2.1.1.2, resources did not allow full-scale modeling to be
conducted for 6 constituents with generally lower risks to ecological receptors.’ These chemicals
(chromium, vanadium, beryllium, copper, silver, and zinc), had surface water pathway HQs in
the screening analysis ranging from 16 to 110 for landfills, and four (chromium, vanadium,
copper, and silver) had screening HQs ranging from 14 to 33 for surface impoundments.

These constituents were addressed using risk attenuation factors developed by dividing
the screening risk results by the full-scale risk results for the constituents modeled in the full-
scale assessment. Tables 4-16 and 4-17 show the results of this comparison for the surface water
ecological risk exposure pathway. Table 4-16 shows the risk attenuation factors for the modeled
constituents, and Table 4-17 shows the results of applying the median (central tendency) and
10th percentile (conservative) attenuation factors to the screening risk results for constituents
that were not modeled.

For landfills, the risk attenuation factors ranged from 50 to 2,000. Both the median and
10th percentile risk attenuation factors were adequate to reduce risks to an HQ below 1 for all
constituents except for silver. Although silver shows an HQ of 1.5 using the 10th percentile

® These constituents had only one or no ecological HQs greater than 100.
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attenuation factor, silver’s low mobility would probably result in a higher attenuation factor (i.e.,
at the median or greater).

For surface impoundments, risk attenuation factors ranged from 7 to 64, reflecting higher
contaminant mobility from the higher hydraulic head in the surface impoundments and a lower
prevalence of liners (compared to landfills). HQs were reduced below 1 for all four unmodeled
constituents with the median attenuation factor (38), and the HQ for silver was reduced to 0.8 by
applying the 10th percentile attenuation factor (17). The other three constituents (chromium,
vanadium, and copper) show risks only slightly above the risk criteria with the10th percentile
attenuation (HQs ranging from 1.4 to 1.9). It is unlikely that these results represent true risks
above the risk criteria: vanadium and copper are likely less mobile than the 10th percentile
attenuation factor reflects (thus the true risk is likely lower), and the risks for chromium are
based on the highly conservative assumption of 100 percent hexavalent chromium.

Table 4-16. Risk Attenuation Factor?® Statistics for Modeled Constituents—
Ecological Risk, Surface Water Pathway

Statistic Landfill Surface Impoundment
10th percentile 75 17
50th percentile 178 38
Average 483 38
Maximum 2,000 64
Number of data points 6 7

 The risk attenuation factor is the ratio of the full-scale analysis risk and screening
analysis risk for a constituent modeled in the full-scale analysis.

Table 4-17. Summary of Risk Results Using Risk Attenuation Factors—
Ecological Risk, Surface Water Pathway

Landfill Surface Impoundment
HQ with | HQ with 10th HQ with | HQ with 10th
Screening Median Percentile Screening Median Percentile

WMU/Pathway HQ Attenuation | Attenuation HQ Attenuation | Attenuation
Chromium VI 18 0.1 0.2 33 0.9 1.9
Vanadium 23 0.1 0.3 24 0.6 14
Beryllium 24 0.1 0.3 - - -
Copper 16 0.09 0.2 31 0.8 18
Silver 110 0.6 15 14 0.4 0.8

Zinc 16 0.09 0.2 - - -
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4.3  Sensitivity Analysis

EPA conducted a sensitivity analysis on the probabilistic risk assessment to determine
which model inputs were most important to risk, which in turn will help focus additional
analyses or data collection efforts on the most important drivers of risk, and help identify the
important factors to consider when evaluating regulatory and management options for CCW. The
sensitivity analysis also can help identify parameters that are both sensitive and highly uncertain,
which affects the confidence in the results. This sensitivity analysis used a response-surface
regression method that derives a statistical model for risk (as the dependent variable) based on
the input parameters from the probabilistic analysis (as independent variables).

Environmental concentration (rather than risk) was chosen as the dependent variable for
the sensitivity analysis because (1) there is a direct, linear relationship between environmental
concentrations and risks and (2) the additional inputs used to calculate risk from environmental
concentration (i.e., exposure factors, such as body weight, ingestion rates) are lifestyle variables
that are not amenable to regulation to reduce or manage risk. Furthermore, these variables have
well-established, peer-reviewed, national distributions, which are regularly used in the
probabilistic national risk analyses conducted by EPA. Therefore, the contribution of the
exposure factors to the variability in risk is not particularly useful for the purposes of the
sensitivity analysis: to help direct additional analyses in support of developing CCW regulatory
options, to help focus any future data collection efforts on the most sensitive variables, or to
better understand sources of uncertainty in the CCW risk results.

The outputs from the sensitivity analysis are the goodness-of-fit values for the regression
models and the relative importance of each input parameter in determining environmental
concentrations across different WMU, waste type, and constituent scenarios. The goodness-of-fit
values of the regression models were moderate to very good for the drinking water pathway
(R?=0.53-0.90) and good to very good for fish consumption (R?=0.76-0.90). In general, the
drinking water pathway had a larger number of input parameters that were significant (seven)
than the fish consumption pathway (three). The most sensitive parameters for most (over 75
percent) of the drinking water scenarios'® evaluated were parameters impacting groundwater
flow:

= [Infiltration rate within the WMU footprint

= Leachate concentration from the WMU

= Aquifer hydraulic conductivity and gradient (i.e., groundwater velocity).

For strongly sorbing contaminants (i.e., metals with high soil/water partition

coefficients), sorption and travel time parameters become more important, including

= Adsorption isotherm coefficient

= Depth to groundwater

= Receptor well distance.

19 Scenarios represent unique combinations of WMU, waste type, chemical, exposure pathway, and receptor.
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For the fish consumption pathway, only three variables were consistently significant
across scenarios:

= [Infiltration rate within the WMU footprint
= Leachate concentration from the WMU
= Waterbody flow rate.

Additional detail on how the CCW sensitivity analysis was conducted can be found in
U.S. EPA (2005). In terms of the model inputs, the sensitivity analysis found that the most
consistent drivers of the risk results are constituent concentration in waste leachate (i.e., the
source term for the risk assessment and infiltration rate through the WMU), which is largely
controlled by the liner conditions and, to a lesser extent, soil type and (for landfills only)
precipitation. These variables and their uncertainties are discussed in the following section.

4.4  Variability and Uncertainty

Variability and uncertainty are different
conceptually in their relevance to a probabilistic risk . X
. e . characteristics, such as body weight

gssessment._Vgrlablllty represents Frue hgterogenelty differences within a population or differences
in characteristics, such as body weight differences in contaminant levels in the environment.
within a population or differences in pollutant levels
in the environment. It accounts for the distribution of | Uncertainty represents a lack of knowledge
risk within the exposed population. Although about factors such as the nature of adverse

. . . effects from exposure to constituents, which
Va“at_"“t_y m_ay be known W'_th great certainty (.9, may be reduced with additional research to
age distribution of a population may be known and improve data or models.
represented by the mean age and its standard
deviation), it cannot be eliminated and needs to be
treated explicitly in the assessment. Uncertainty is a description of the imperfection in
knowledge of the true value of a particular parameter. In contrast to variability, uncertainty can
be reduced through additional information-gathering or analysis (i.e., better data, better models).
EPA typically classifies the major areas of uncertainty in risk assessments as scenario
uncertainty, model uncertainty, and parameter uncertainty. Scenario uncertainty refers to missing
or incomplete information needed to fully define exposure and dose. Model uncertainty is a
measure of how well the model simulates reality. Parameter uncertainty is the lack of knowledge
regarding the true value of a parameter used in the assessment.

Variability arises from true heterogeneity in

Uncertainty and variability can be addressed two ways:
= By varying parameter values in a probabilistic assessment such as a Monte Carlo analysis

= By comparing the data or results to other data or other studies such as damage cases or
alternative results based on different assumptions.

In planning this assessment, we addressed as much of the variability as possible, either
directly in the Monte Carlo analysis or through aggregation of the data into discrete elements of
the analysis. For example, spatial variability in soil, aquifer, and climate data is accounted for by
using distributions for soil and aquifer properties around the facility when the actual
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environmental characteristics around a WMU are uncertain. Conversely, variability in waste
leachate concentrations was represented by a national database of CCW constituent
concentrations from disposal sites around the country. These data were aggregated by waste and
WMU types that were defined by statistically significant differences in concentration. Variability
in human exposure factors (e.g., body weight, ingestion rates) was accounted for using national
distributions that represent the range of possible values.

Because CCW is generated nationwide, its disposal may occur anywhere in the United
States. Thus, this assessment characterized environmental conditions that influence the fate and
transport of constituents in the environment using site-specific data collected around coal-fired
power plants with onsite CCW disposal facilities. Spatial variability in environmental setting
was accounted for by the site-to-site variables for the 181 CCW disposal sites modeled in the
analysis using 41 different climate regions and 9 different resources regions throughout the
contiguous 48 states.

In summary, a distribution of exposures was developed that includes specific
consideration of the variability in the following sensitive model parameters

= WMU characteristics, in particular liner type (which strongly influences infiltration rate)
= CCW constituent concentrations in waste leachate

= Distance to nearest well

= Site-specific environmental conditions (especially groundwater flow conditions)

= Human exposure factors.

Uncertainty also was considered in the analysis by using reasonable ranges and
distributions when variables were not known exactly. For example, when a soil texture or
groundwater flow conditions could not be precisely assigned at a site, multiple soil types or
hydrogeologic environments would be sampled based on the soil and aquifer types that are likely
to be present at the site.

The treatment of variability and uncertainty in model parameters using a Monte Carlo
simulation forms the basis for the national exposure distributions used in this analysis to estimate
risk. Previous sections of this document describe how we generated distributions and estimated
input parameter values and then used these values in models to estimate risk. The discussion in
this section focuses on how this treatment of variability and uncertainty affects the analysis
results and on various comparisons we performed on the results or critical input data to evaluate
uncertainty.

4.4.1 Scenario Uncertainty

Sources of scenario uncertainty include the assumptions and modeling decisions that are
made to represent an exposure scenario. Because this risk assessment attempts to characterize
current conditions by estimating risks from actual CCW disposal sites across the country, it is
subject to less scenario uncertainty than risk assessments that rely on hypothetical conceptual
models. However, certain aspects of the scenario are uncertain.
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CCW Management Unit Data. The landfills and surface impoundments modeled in this
risk assessment were placed, sized, and lined according to data from the 1995 EPRI survey
(EPRI, 1997). New data collected by EPA and DOE since this risk assessment was conducted
(U.S. DOE, 2006) indicate that liners are much more prevalent in WMUSs constructed or
expanded from 1994 through 2004 than in units in place before that. This suggests that the risks
may be lower for future CCW disposal facilities (although most of the unlined WMUs have been
closed with wastes remaining in the units).

Liner-related questions are especially important because liner configurations greatly
influence infiltration rates, one of the most sensitive parameters in the risk assessment. In terms
of risks through groundwater pathways, this risk assessment has shown that liners, in particular
composite (combined clay and synthetic) liners, can limit risks through subsurface exposure
pathway, and the DOE/EPA survey shows that liners are more prevalent in newly constructed
WMUs and WMU expansions. Although the DOE/EPA survey does not shed light on how many
unlined facilities are still operating today, it does indicate that more units are lined today than
were in the 1995 EPRI survey data set on which this risk assessment is based.

Receptor Populations Evaluated. The human receptors evaluated for the CCW risk
analysis are a family with children residing near the CCW disposal facility, drinking from a
private well screened in a surficial aquifer or eating fish caught from a nearby stream or lake
impacted by CCW leachate. Additionally, except for a 15-day vacation, it is assumed that adults
and children are exposed daily and that the private well is the only source of drinking water.
Although it is possible for other types of individuals to be exposed, the use of the resident adult
and child as protective of other receptors and pathways is a conservative, simplifying assumption
of the analysis. The lack of information to define and model actual exposure conditions also
introduces uncertainty into this assessment, but EPA believes that the national distribution of
exposure factors used is appropriate for a national assessment.

Additive Risks Across Pathways. The human receptors evaluated in the CCW risk
assessment are assumed not to consume both contaminated fish and drinking water. Although
this could potentially miss some higher exposures for a maximally exposed individual, analysis
of the individual pathway results does not indicate that adding such risks would significantly
change the conclusions of this risk assessment in terms of the constituents and exceeding the risk
criteria.

Co-Occurrence of Ecological Receptors and Constituents. As a simplification for
national-scale analyses in the absence of site-based data, co-occurrence of the ecological
receptors and the constituents of concern is typically assumed. However, the prior probability
that a receptor will be found in waterbodies affected by constituent releases from CCW WMUs
is not known, nor is it known whether a receptor will forage for food in contaminated areas or if
those areas do, in fact, support the type of habitat needed by the receptor. Although the
assumption of co-occurrence was necessary for this analysis, relatively few field studies are
available to demonstrate the relationship between adverse ecological effects and constituent
releases from CCW as it is currently managed.
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Ecosystems and Receptors at Risk. One of the most intractable problems in conducting
a predictive ecological risk assessment intended to reflect risks at a national scale is evaluating
all of the receptors and ecosystems at risk. In Wastes from the Combustion of Coal by Electric
Utility Power Plants - Report to Congress (U.S. EPA, 1988b), the authors pointed out that plants
or animals of concern were located within a 5-km radius of the CCW WMUs at 12 to 32 percent
of the sites. Although these figures are of limited spatial resolution, they suggest the possibility
that threatened and endangered species or critical habitats may be at risk from CCW
constituents. Examples of other critical assessment endpoints not evaluated in this analysis
include the following:

= Managed Lands: Because ecosystem degradation is proceeding at an unprecedented
rate, and because protected lands play a critical role in preserving plant and animal
species, managed areas in the United States represent well-recognized ecological values.
Managed lands refer to a variety of lands designated by the federal government as worthy
of protection, including National Wildlife Refuges, National Forests, Wilderness areas,
and National Recreation areas.

= Critical Habitats: Although critical habitats may be defined in a number of ways (e.g.,
presence of threatened species, decreasing habitat area), wetlands are widely recognized
as serving critical ecological functions (e.g., maintenance of water quality). The U.S. Fish
and Wildlife Service estimates that approximately 45 percent of the Nation’s threatened
and endangered species directly depend on aquatic and wetland habitats. Consequently,
impacts of chemical stressors on wetland habitats may have high ecological (and societal)
significance. The presence of critical habitats such as wetlands is also used to inform the
selection of ecological receptors (e.g., amphibians, waterfowl) and the construction of
appropriate food webs.

= Threatened and Endangered Species: For most ecological risk assessments of chemical
stressors, available data on toxicity and biological uptake are sufficient to support the
evaluation of effects on representative species populations or generalized communities
(e.g., aguatic community). However, despite their obvious value, threatened and
endangered species are frequently excluded from the analytical framework for national
rulemakings. The assessment of threatened and endangered species requires a site-based
approach in which locations, habitats, and species of concern are identified and
characterized with respect to the spatial scale of constituent releases.

4.4.2 Model Uncertainty

Model uncertainty is associated with all models used in a risk assessment because models
and their mathematical expressions are simplifications of reality that are used to approximate
real-world conditions and processes and their relationships. Computer models are simplifications
of reality, requiring exclusion of some variables that influence predictions but that cannot be
included in models either because of their complexity or because data are lacking on a particular
parameter. Models do not include all parameters or equations necessary to express reality
because of the inherent complexity of the natural environment and the lack of sufficient data to
describe the natural environment. Because this is a probabilistic assessment that predicts what
may occur with the management of CCW under actual scenarios, it is possible to compare the
results of these models to specific situations.
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The risk assessor needs to consider the importance of excluded variables on a case-by-
case basis because a given variable may be important in some instances and not important in
others. A similar problem can occur when a model that is applicable under one set of conditions
is used for a different set of conditions. In addition, in some instances, choosing the correct
model form is difficult when conflicting theories seem to explain a phenomenon equally well. In
other instances, EPA does not have established model forms from which to choose to address
certain phenomena, such as facilitated groundwater transport.

Models used in this analysis were selected based on science, policy, and professional
judgment. These models were selected because they provide the information needed for this
assessment and because they are generally considered to reflect the state of the science. Even
though the models used in this analysis are used widely and have been accepted for numerous
applications, they each retain significant sources of uncertainty. These limitations are well
documented in the model development references cited in Section 3.

Although the sources of model uncertainty in this assessment could result in either an
overestimation or an underestimation of risk, the models employed in this assessment have been
developed over many years to support regulatory applications. As a result they have been
designed to be protective towards the impacted populations that they represent. In other words,
where simplifying assumptions are necessary, the assumptions are made in a way that will not
underestimate risk.

Arsenic Speciation. Because the models used in this assessment do not speciate metals
during soil or groundwater transport, arsenic speciation in the subsurface is a significant
groundwater modeling uncertainty in this analysis. Arsenic can occur in either a +3 (arsenic I11)
or +5 (arsenic V) oxidation state in groundwater, with arsenic |11 being the more mobile form.
Because the soil and groundwater models assume one form for each model run, the risk results
presented for arsenic are based on arsenic 111, which is a conservative, protective assumption
(i.e., arsenic 11 has higher risks than arsenic V). Although arsenic is generally thought to occur
in the +3 form in leachate, there is evidence from damage cases at CCW disposal sites that
suggests that arsenic 11 is rapidly converted to arsenic V during subsurface transport, with the
result that drinking water standards are rarely exceeded in offsite groundwater in spite of high
landfill leachate concentrations (see, for example, U.S. EPA, 2000; U.S. EPA, 2003e; Lang and
Schlictmann, 2004; Zillmer and Fauble, 2004). To address this uncertainty (i.e., how much an
arsenic 111 assumption might overpredict offsite well concentrations) the models were run
assuming arsenic V as the arsenic species in soil and groundwater. Figure 4-4 compares the risk
results for arsenic 11l and arsenic V. Arsenic V has lower risks than arsenic Il1 by about a factor
of two, but the 90th percentile risks are still above risk criteria.

Bioavailability of Constituents to Ecological Receptors. For the purposes of this
analysis, the model assumes that all forms of a constituent are equally bioavailable to ecological
receptors, and therefore, the actual exposures that may occur in the field tend to be
overestimated, thus making this a protective assumption. Both the chemical form and the
environmental conditions influence bioavailability and ultimately the expression of adverse
effects. For example, as discussed above, the form of arsenic has been shown to profoundly
influence mobility and toxicity.

Draft EPA document. Do not cite or quote. 4-30



Section 4.0 Risk Characterization

Surface
Impoundments

Landfills

1 10 100 1000
90th Percentile Human Health Risk / Risk Criterion

OArsenic Ill (cancer) O Arsenic V (cancer)

Figure 4-4. Comparison of risk results for arsenic 111 and arsenic V (based on results for all
units combined).

Multiple Constituent Exposures to Receptors. The risk from each constituent was
considered separately in this analysis. However, the waste concentration data on CCWs (as well
as recent field studies such as U.S. EPA, 2006) suggest that exposure to multiple constituents is
highly likely. The synergism or antagonism between different constituent combinations may
elicit unexpected adverse impacts to humans and ecosystems. Hence, a single-constituent
analysis may underestimate risks associated with multiple chemical stressors.

4.4.3 Parameter Uncertainty and Variability

Parameter uncertainty occurs when (1) there is a lack of data about the values used in the
equations, (2) the data that are available are not representative of the particular instance being
modeled, or (3) parameter values have not been measured precisely or accurately because of
limitations in measurement technology. Random, or sample, errors are a common source of
parameter uncertainty that is especially critical for small sample sizes, as illustrated by the FBC
waste results discussed in Section 4.1.3.2. More difficult to recognize and address are
nonrandom or systematic errors that can bias the analyses from sampling errors, faulty
experimental designs, or bad assumptions.

Spatial and temporal variability in parameters used to model exposure account for the
distribution in the exposed population. For example, the rainfall or precipitation rates used to
calculate infiltration and recharge to groundwater are measured daily by the National Weather
Service at many locations throughout the United States, and statistics about these parameters are
well documented. Although the distributions of these parameters may be well known, their actual
values vary spatially and temporally and cannot be predicted exactly. Thus, the annual average
infiltration rates used in the source model for a particular climate station will provide
information on average conditions appropriate for this analysis. Additionally, using data from
multiple climate stations located throughout the United States can account for some, but not all,
spatial variability.
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4.4.3.1 Waste Concentrations

The CCW constituent database used to represent CCW total waste and waste leachate
concentrations is arguably the most important data set in terms of driving the risk assessment
results. The constituent data are subject to two primary uncertainties beyond the normal
sampling and analysis uncertainty associated with environmental measurements: (1) the
appropriateness of the landfill leachate data used in the analysis and (2) high percentages of
nondetect analyses for some CCW constituents.

Appropriateness of Leachate Data. The CCW leachate data were collected from a
varying number of sites using a variety of methods. The available landfill data are largely
derived from the TCLP, a laboratory test designed to estimate leachate concentrations in
municipal solid waste (MSW) landfills. The TCLP has been shown to both over and underpredict
leachate concentrations for other waste disposal scenarios, so the use of the TCLP data to
represent CCW leachate is another source of uncertainty. However, as noted below, this does
not appear to be a significant source of uncertainty for this analysis.

Surface impoundment leachate is represented by porewater data taken beneath actual
impoundments, but although these data arguably should better represent leachate concentrations,
they are fewer in number than the landfill data and therefore subject to uncertainty as to how
representative they are of all CCW wastes. Antimony, cobalt, mercury, and thallium are
represented by one to only a few sites and only a few measurements, and results associated with
these metals should be interpreted with caution. Results for surface impoundments for antimony,
mercury, and thallium are not presented due to the paucity of leachate data (1 or 2 sites, and 11
or fewer values).

Since the CCW risk assessment was been conducted in 2003, EPA-sponsored research
conducted by Vanderbilt University has improved the scientific understanding of the generation
of leachate from CCW, in particular for mercury, arsenic, and selenium (U.S. EPA, 2006).
Figure 4-5 plots the results from this study for arsenic and selenium, along with data from EPA’s
Leach2000 database and EPRI (as provided in U.S. EPA, 2006), against the data used for
landfills and surface impoundments used in the CCW analysis. For the Vanderbilt leaching
study, data are provided for each ash tested, with the minimum, maximum, and value at natural
pH plotted on the chart. Percentile values (95th, 50th, 5th) are plotted for the compiled data sets
(EPA, EPRI, and CCW), and mercury is not modeled for landfills because of a high number of
nondetects.

For arsenic, the CCW values bracket the range found in the other studies. Selenium
values also agree fairly well for CCW landfill data, although the CCW landfill values appear to
be lower than some of the values from the other studies, suggesting that selenium risks may be
somewhat underestimated for landfills in this analysis. This is significant even though selenium
risks from landfills were not above the risk criteria in this analysis, because selenium is often
reported as a constituent of concern (along with arsenic and boron) in CCW damage cases (U.S.
EPA, 2000; U.S. EPA, 2003e; Lang and Schlictmann, 2004; Zillmer and Fauble, 2004).
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Figure 4-5. Comparison of CCW leachate data with other leachate data.
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Although the Vanderbilt Study does not cover all of the metals addressed in the CCW
analysis, its general agreement with the CCW arsenic and selenium levels does help allay
concerns that the TCLP CCW leachate values used in the analysis markedly overestimate or
underestimate the concentrations actual CCW leachate.

Mercury and Nondetect Analyses. For certain of the CCW constituents addressed in
this analysis, the CCW leachate database contains a large number of nondetect measurements
(concentrations below an analytical instrument’s ability to measure). Table 4-18 illustrates this
point by showing, by WMU type and chemical, the overall percent of nondetect values for each
chemical and the percent of site-averaged values™ that are composed entirely of nondetect
measurements. Constituents that could not be addressed in this analysis because of a high
number of nondetects include mercury (for landfills and surface impoundments) and thallium,
antimony, and cobalt (for surface impoundments only). Mercury is of particular interest because
it is the only constituent with significant concern through the fish consumption pathway, and
because there is the potential for mercury concentrations in CCW to increase as flue gas mercury
controls are installed on coal-fired power plants in response to the Clean Air Interstate Rule
(CAIR) and the Clean Air Mercury Rule (CAMR).

Recent work by Vanderbilt University (U.S. EPA, 2006) sheds some light on mercury
concentrations in leachate from some CCWs. Figure 4-6 plots the CCW distribution of mercury
concentrations (assuming half the detection limit for mercury values below detection) against
results from the VVanderbilt work and recent data collected by EPRI (U.S. EPA, 2006). Assuming
half the detection limit, the CCW mercury leachate values are about an order of magnitude or
more higher than the Vanderbilt or EPRI data. With a single CCW leachate analysis available for
surface impoundments, it is difficult to draw firm conclusions, but the concentration value,
which corresponds to a 90th percentile HQ of 20, is above the maximum value shown in the
other studies. In short, the mercury levels in the CCW database are not useful because of high
detection limits. In addition, the Vanderbilt study found that older mercury analyses, like the
ones in the CCW database, could be biased high because of cross-contamination issues.

Finally, U.S. EPA (2006) and preliminary results of ongoing EPA studies suggest that
both mercury levels and mercury leachability in CCW can vary depending on the flue gas
mercury controls used at a power plant. Additional work is underway in this area.

1 As explained in Appendix A, the CCW risk assessment uses site-averaged constituent concentrations. That is, an
average value was used when there were multiple measurements for a chemical at a particular site.
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Table 4-18. Proportion of Nondetect Analyses for Modeled CCW Constituents

Measurements Sites
% with all
Chemical Number % nondetects Number nondetects

Landfills

Aluminum 397 18% 61 5%
Antimony 496 50% 66 41%
Arsenic 1182 49% 128 20%
Barium 1225 11% 126 5%
Boron 930 8% 83 2%
Cadmium 1237 50% 124 31%
Cobalt 559 56% 52 19%
Lead 1109 60% 125 30%
Mercury 974 91% 101 58%
Molybdenum 373 24% 58 10%
Nitrate/Nitrite 141 48% 20 15%
Selenium 1227 49% 131 17%
Thallium 402 60% 40 45%
Surface Impoundments

Aluminum 158 10% 16 6%
Antimony 11 100% 2 100%
Arsenic 155 16% 16 6%
Barium 161 14% 16 13%
Boron 164 7% 171 6%
Cadmium 164 68% 16 50%
Cobalt 49 59% 4 50%
Lead 138 78% 14 36%
Mercury 1 100% 1 100%
Molybdenum 161 37% 17 24%
Nitrate/Nitrite 267 59% 14 7%
Selenium 140 33% 15 20%
Thallium 11 100% 2 100%

Results for constituents shown in bold italics were not presented in this report because of high
detection limits or limited data.
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Figure 4-6. CCW mercury concentrations compared with other leachate data.

4.4.3.2 WMU Locations and Characteristics

The locations of the specific sites in the United States where CCW is disposed are
known, and EPA used the soil and climatic characteristics of these sites in the Monte Carlo
analysis. Because most locations were facility front gates or centroids, the exact location of the
CCW landfill or surface impoundment was not known. To account for this uncertainty, soil data
were collected for an area around the plant and soil type distributions were sampled in the Monte
Carlo analysis. Climate center assignments were combined with the soil texture distributions to
select infiltration and recharge rates to use in the analysis.

WMU area, depth, volume, and liner type were not varied in the Monte Carlo analysis
because values for these variables were known from the EPRI survey data. More uncertain
parameters, like depth below grade, were varied within reasonable ranges. These data were used
in the source model calculations to generate the distribution of environmental releases used by
the fate and transport modeling.

Three standard WMU liner scenarios (clay, composite, and unlined) were assigned to
each facility based on best matches to data in the EPRI survey on liner type. Infiltration through
these liners was then modeled using assumptions, models, and data developed in support of
EPA’s Industrial Subtitle D guidance. How well these assumptions and models represent the
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performance of CCW WMU landfills and surface impoundments is an uncertainty in this
analysis.

4.4.3.3 Fate and Transport Model Variables

The parameter values required to model contaminant fate and transport in groundwater
were obtained from site-specific, regional, and national databases. Hydrogeologic environment
was assigned to each site, based on geologic maps and soil conditions; where assignments were
uncertain, two or three settings might be used in the Monte Carlo analysis. Because aquifer
properties are highly variable and uncertain, reasonable sets of aquifer properties were selected,
based on hydrogeologic environment, from a hydrogeologic database.

Receptor Location (Drinking Water Wells). The sensitivity analysis (Section 4.3)
showed that distance of a receptor from the contaminant source is an important influence on
media concentration, especially for contaminants that strongly sorb to soil and aquifer materials.
For the groundwater-to-drinking-water pathway, receptor location was represented as the
distance and position, relative to a contaminant plume, of residential drinking water wells from
the WMU. Because no data were readily available on the distance of CCW disposal sites from
residential wells, EPA used data from a survey of well distances from MSW landfills. Whether
or not this is an accurate representation of well distance for CCW landfills and surface
impoundment is one of the larger uncertainties in this analysis. EPA believes that the MSW well
distance distribution used is protective for CCW landfills and surface impoundments.

Location and Characteristics of Waterbodies. One aspect of the site configuration of
particular relevance to the aquatic food chain modeling is the locations and characteristics of the
waterbodies. The size of the waterbodies (and the distance from the WMU) affects constituent
concentrations and loadings predicted for that waterbody. The location of the waterbody was
based on an empirical distribution of measurements, taken from actual CCW sites, of the
distance from the edge of the WMU to the nearest stream or lake. The uncertainty posed in this
analysis is the sampling of this distribution as compared to a more certain measurement of the
actual distance at each CCW site. Surface water variables, including flow and water quality
parameters, were collected for the stream reach being modeled, or for a larger hydrologic region
where data were not available for a particular reach.

Environmental Parameters. Uncertainties related to environmental parameters (soil,
aquifer, surface water, climate data) have already been mentioned. The parameters with the
largest impact on results are aquifer hydraulic conductivity and gradient, which are selected from
a national database of aquifer properties.

Fish Bioconcentration and Bioaccumulation Factors. For fish consumption, exposure
dose is calculated using BCFs to estimate the transfer of pollutants from environmental media
into fish. Uncertainty is associated with models used to estimate BCFs for aquatic biota. The
aquatic BCFs were developed based on total surface water concentrations and concentrations in
aquatic biota.
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4.4.3.4 Exposure and Risk Modeling Variables

Exposure parameters and benchmarks for human and ecological risk also contribute to
parameter variability and uncertainty.

Human Exposure Factors. Individual physical characteristics, activities, and behavior
are quite different, and thus the exposure factors that influence the exposure of an individual,
including ingestion rate, body weight, and exposure duration, are quite variable. Exposure
modeling relies heavily on default assumptions concerning population activity patterns, mobility,
dietary habits, body weights, and other factors. The probabilistic assessment for the adult and
child exposure scenario addressed the possible variability in the exposure modeling by using
statistical distributions for these variables for each receptor in the assessment: adult and child
resident and adult and child recreational fisher. Data on fish consumption rates are not available
for children; thus the adult data were used for children in this analysis, which could overestimate
risk from this pathway for children. For all exposure factors varied, a single exposure factor
distribution was used for adults for both males and females. For child exposures, one age (age 1)
was used to represent the age at the start of exposure, because this age group is considered to be
most sensitive for most health effects.

The Exposure Factors Handbook (U.S. EPA, 1997c,d,e) provides the current state of the
science concerning exposure assumptions, and it was used throughout this assessment to
establish statistical distributions of values for each exposure parameter for each receptor. There
are some uncertainties, however, in the data that were used. Although it is possible to study
various populations to determine various exposure parameters (e.g., age-specific soil ingestion
rates or intake rates for food) or to assess past exposures (epidemiological studies) or current
exposures, risk assessment is about prediction. Therefore, long-term exposure monitoring in this
context is infeasible.

Diet Assumptions for Ecological Receptors. National-scale assessments often assume
maximum intake of contaminated prey in the diets of primary and secondary consumers (i.e., 100
percent of the diet originates from the contaminated area). Under field conditions, many
receptors are opportunistic feeders with substantial variability in both the type of food items
consumed as well as the geospatial patterns of feeding and foraging. The actual proportion of
wildlife receptors’ diets that would be contaminated depends on a number of factors such as the
species’ foraging range, quality of food source, season, intra- and interspecies competition.
Consequently, the exclusive diet of contaminated food items tends to provide a very conservative
estimate of potential risks.

Human Health Benchmarks. EPA routinely accounts for uncertainty in its development
of RfDs and other human health benchmarks. For example, if certain toxicological data are
missing from the overall toxicological database (e.g., reproductive data), EPA accounts for this
by applying an uncertainty factor. In general, EPA human health benchmarks are derived using a
health-protective approach.

Ecological Criteria. CSCLs were developed for constituents when sufficient data were
available. In many cases, sufficient data were unavailable for a receptor/constituent combination,
and therefore, the potential risk to a receptor could not be assessed. In particular, insufficient
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data were available to derive chronic effects CSCLs for amphibians. Because the risk results can
only be interpreted within the context of available data, the absence of data can not be construed
to mean that adverse ecological effects will not occur.

In addition to the effects of data gaps on ecological benchmarks, the ecological criteria
tend to be fairly conservative because the overall approach is based on “no effects” or “lowest
effects” study data. In site-specific assessments, a de minimis effects approach is often replaced
with an effects level similar to natural population variability (e.g., sometimes as high as a 20
percent effects level). As a result, the CSCLs used in this analysis are likely to overestimate risks
for representative species and communities assumed to live in surface waters impacted by CCW
WNMUSs. Because the difference between a lowest observed adverse effect level (LOAEL) and a
NOAEL is often about a factor of 10, an HQ exceedance of roughly 10 may not be ecologically
significant. In contrast, CSCLs based on no effects data that are developed for the protection of
threatened and endangered species are presumed to be protective.

4.5 Summary and Conclusions

One of the most sensitive parameters in the risk assessment is infiltration rate.
Infiltration rate is greatly influenced by whether and how a WMU is lined. The 1994 to 2004
DOE/EPA survey results (U.S. DOE, 2006) do not include how many unlined facilities are still
operating today, but do indicate that more facilities are lined today than were in the 1995 EPRI
survey data set on which this risk assessment is based. This suggests that the risks from future
CCW disposal facilities are likely to be lower than the results presented in this report. EPA will
continue to work to integrate the DOE/EPA survey data into the CCW risk assessment and is
seeking comments on how to address data gaps, in particular: (1) how to estimate the overall
prevalence of liners in the CCW disposal facilities today, (2) how to determine the area and
capacity of newer CCW landfills and surface impoundments, and (3) how the liners currently in
CCW WMUs perform when compared to the industrial liner conditions assumed in this risk
assessment.

Composite liners, as modeled in this risk assessment, effectively reduce risks from all
pathways and constituents below the risk criteria for both landfills and surface impoundments.*?
The CCW risk assessment suggests that the management of CCW in unlined landfills and
unlined surface impoundments may present risks to human health and the environment. Risks
from clay-lined units, as modeled, are about one-third to one-half the risks of unlined units, but
are still above the risk criteria used for this analysis. These risk results are largely consistent with
damage cases compiled by EPA (U.S. EPA, 2000, 2003e, 2007) and others (Lang and
Schlictmann, 2004; Zillmer and Fauble, 2004; Carlson and Adriano, 1993). Key risk findings
include the following:

= For humans exposed via the groundwater-to-drinking-water pathway, arsenic in CCW
landfills poses a 90th percentile cancer risk of 5x10™ for unlined units and 2x10™ for
clay-lined units. The 50th percentile risks are 1x10° (unlined units) and 3x10°®(clay-lined

12 These results suggest that with the higher prevalence of composite liners in new CCW disposal facilities, future
national risks from onsite CCW disposal are likely to be lower than those presented in this risk assessment
(which is based on 1995 CCW WMUs).
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units). Risks are higher for surface impoundments, with an arsenic cancer risk of 9x107
for unlined units and 3x10° for clay-lined units at the 90th percentile. At the 50th
percentile, risks for unlined surface impoundments are 3x10™, and clay-lined units show
a risk of 9x107°. Five additional constituents have 90th percentile noncancer risks above
the criteria (HQs ranging from greater than 1 to 4) for unlined surface impoundments,
including boron and cadmium, which have been cited in CCW damage cases referenced
above. Boron and molybdenum show HQs of 2 and 3 for clay-lined surface
impoundments. None of these noncarcinogens show HQs above 1 at the 50th percentile
for any unit type.

= Arrival times of the peak concentrations at a receptor well are much longer for landfills
(hundreds to thousands of years) than for surface impoundments (most less than 100
years).

= For humans exposed via the groundwater-to-surface-water (fish consumption) pathway,
selenium (HQ = 2) and arsenic (cancer risk = 2x10™) pose risks slightly above the risk
criteria for unlined surface impoundments at the 90th percentile. For both constituents,
lined 90th percentile risks and all 50th percentile risks are below the risk criteria. No
constituents pose risks above the risk criteria for landfills at the 90th or 50th percentile.

= Waste type has little effect on landfill risk results, but in surface impoundments, risks are
up to 1 order of magnitude higher for codisposed CCW and coal refuse than for
conventional CCW.

= The higher risks for surface impoundments than landfills are likely due to higher waste
leachate concentrations, a lower proportion of lined units, and the higher hydraulic head
from the impounded liquid waste. This is consistent with damage cases reporting wet
handling as a factor that can increase risks from CCW management.

= For ecological receptors exposed via surface water, risks for landfills exceed the risk
criteria for boron and lead at the 90th percentile, but 50th percentile risks are well below
the risk criteria. For surface impoundments, 90th percentile risks for several constituents
exceed the risk criteria, with boron showing the highest risks (HQ = 2,000). Only boron
exceeds the risk criteria at the 50th percentile (HQ = 4). Exceedances for boron and
selenium are consistent with reported ecological damage cases, which include impacts to
waterbodies through the groundwater-to-surface-water pathway.

= For ecological receptors exposed via sediment, 90th percentile risks for lead, arsenic, and
cadmium exceeded the risk criteria for both landfills and surface impoundments because
these constituents strongly sorb to sediments in the waterbody. The 50th percentile risks
are generally an order of magnitude or more below the risk criteria.

Sensitivity analysis results indicate that for most of the scenarios evaluated (over 75
percent), the risk assessment model was most sensitive to parameters related to groundwater
flow and transport: WMU infiltration rate, leachate concentration, and aquifer hydraulic
conductivity and gradient. For strongly sorbing contaminants (such as lead and cadmium),
variables related to sorption and travel time (adsorption coefficient, depth to groundwater,
receptor well distance) are most important.
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There are uncertainties associated with the CCW risk assessment, but scenario
uncertainty (i.e., uncertainty about the environmental setting around the plant) has been
minimized by basing the risk assessment on conditions around existing U.S. coal-fired power
plants around the United States. Uncertainty in environmental setting parameters has been
incorporated into the risk assessment by varying these inputs within reasonable ranges when the
exact value is not known. Uncertainty in human exposure factors (such as exposure duration,
body weight, and intake rates) has also been addressed through the use of national distributions.

Some uncertainties not addressed explicitly in the risk assessment have been addressed
through comparisons with other studies and data sources.

= Appropriateness of CCW leachate data. Data on another highly sensitive parameter,
leachate (porewater) constituent concentration, were available and used for CCW surface
impoundments. However, available data for landfills were mainly TCLP analyses, which
may not be representative of actual CCW leachate. Comparisons with recent (2006)
studies of coal ash leaching processes show very good agreement for arsenic. However,
although the selenium CCW data are within the range of the 2006 data, some of the
higher concentrations in the 2006 data are not represented by the TCLP data. This
suggests that selenium risks may be underestimated, which is consistent with selenium as
a common driver of the damage cases.

= Impacts of mercury rules (CAIR and CAMR). While CAIR and CAMR will reduce
emissions of mercury and other metals from coal-fired power plants, mercury and other
more volatile metals will be transferred from the flue gas to fly ash and other air pollution
control residues, including the sludge from wet scrubbers. EPA ORD has research
underway to evaluate changes to CCW characteristics and leaching of mercury and other
metals from CAIR and CAMR. Data from the first report (U.S. EPA, 2006) suggest that
although total mercury will increase in CCW from the use of sorbents as mercury
controls, the leachability of mercury may be reduced, but this work is ongoing and should
be regarded as preliminary and limited at this time. For example, wet scrubbers have yet
to be addressed, and initial data from both EPA and industry studies suggest that mercury
may not be as stable as found from fly ash in the first report. As these data become
available, EPA will consider how best to use them to update the existing risk assessment.

= Mercury and nondetect analyses. Because of a high proportion of nondetect values and
a limited number of measurements, the risks from mercury in CCW could not be
evaluated for either landfills or surface impoundments and for antimony and thallium in
surface impoundments. The 2006 leaching study data suggest that mercury levels are
fairly low in fly ash from coal combustion, but additional data and analyses would be
required to estimate the risks from these levels.

= Arsenic speciation. The current model does not speciate metals in the subsurface, which
is of particular concern for arsenic. Damage cases and other studies suggest that arsenic
readily converts from arsenic Il in CCW leachate to the less mobile arsenic V in soil and
groundwater. However, model runs conducted for both species suggest that the difference
in risk between the two species is only about a factor of 2, which is not enough to reduce
the 90th percentile cancer risks to below the risk criteria.
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Uncertainties that are more difficult to evaluate with respect to CCW risk results include

the following:

Well distance. Nearest well distances were taken from a survey of MSW landfills, as
data were not available from CCW sites. EPA believes that this is a protective
assumption because MSW landfills generally tend to be in more populated areas, but
there are little data available to test this hypothesis.

Liner conditions. Liner design and performance for CCW WMUSs were based on data
and assumptions EPA developed to be appropriate for nonhazardous industrial waste
landfills. EPA believes that CCW landfills should have similar performance
characteristics, but does not have the quantitative data to verify that.

Data gaps for ecological receptors. Insufficient data were available to develop
screening levels and quantitative risk estimates for terrestrial amphibians, but EPA
acknowledges that damage cases indicate risk to terrestrial amphibian and plant
communities through exposure to selenium and boron.

Ecosystems and receptors at risk. Certain critical assessment endpoints were not
evaluated in this analysis, including impacts on managed lands, critical habitats, and
threatened and endangered species. These would be addressed through more site-specific
studies on the proximity of these areas and species to CCW disposal units.

Synergistic risk. The impact of exposures of multiple contaminants to human and
ecological risks was not evaluated in this analysis. EPA recognizes that a single-
constituent analysis may underestimate risks associated with multiple chemical
exposures.

These are potentially the more significant uncertainties associated with the CCW risk

assessment. Other uncertainties are discussed in Section 4.4.
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Appendix A. Constituent Data

The coal combustion waste (CCW) risk assessment addresses metals and inorganic
constituents identified by EPA as potential constituents of concernin CCW (Table A-1). U.S.
Environmental Protection Agency (EPA) derived waste concentrations for these constituents
from its CCW constituent database, which includes analyte concentration datain three tables
representing different types of waste samples: landfill leachate analyses (in mg/L), surface
impoundment and landfill porewater analyses (in mg/L), and analyses of whole waste samples
(in mg/kg). Each database table specifies, for most samples, the type of waste sampled and the
type of coal burned at the facility.

Table A-1. Constituents Addressed in the Screening Analysis

Constituent CASID Constituent ‘ CASID
Metals Inorganic Anions
Aluminum 7429-90-5 Chloride 16887-00-6
Antimony 7440-36-0 Cyanide 57-12-5
Arsenic 7440-38-2 Fluoride 16984-48-8
Barium 7440-39-3 Total Nitrate Nitrogen 14797-55-8
Beryllium 7440-41-7 Phosphate 14265-44-2
Boron 7440-42-8 Silicon 7631-86-9
Cadmium 7440-43-9 Sulfate 14808-79-8
Chromium 7440-47-3 Sulfide 18496-25-8
Cobalt 7440-48-4 Inorganic Cations
Copper 7440-50-8 Ammonia 7664-41-7
Iron 7439-89-6 Calcium 7440-70-2
Lead 7439-92-1 pH 12408-02-5
Magnesium 7439-95-4 Potassium 7440-09-7
Manganese 7439-96-5 Sodium 7440-23-5
Mercury 7439-97-6 Nonmetallic Elements
Molybdenum 7439-98-7 Inorganic Carbon 7440-44-0
Nickel 7440-02-0 Total Elemental Sulfur 7704-34-9
Selenium 7782-49-2 Measurements
Silver 7440-22-4 Total Dissolved Solids none
Strontium 7440-24-6 Total Organic Carbon none
Thallium 7440-28-0 Dissolved Organic Carbon none
Vanadium 7440-62-2
Zinc 7440-66-6
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A.1 Data Sources

EPA prepared the CCW constituent database in 2002 and 2003. The 2003 CCW
constituent database includes all of the waste characterization data used by EPA in itsrisk
assessments in support of the March 1999 Report to Congress. Wastes from the Combustion of
Fossil Fuels (the RTC) (U.S. EPA, 1999). In addition to the data set from the March 1999 RTC,
EPA supplemented the database with the following data:

= Data submitted with public comments to EPA on the 1999 RTC

= Data submitted with public commentsto EPA concerning the May 22, 2000, Final
Regulatory Determination

= Datacollected by and provided to EPA since the end of the public comment period on the
Final Regulatory Determination

= Dataidentified from literature searches.

The primary sources of these additional data include the electric power industry, state and federal
regulatory agencies, and scientific literature. Attachment A-1 isacomplete list of the sources of
data contained in the 2003 CCW constituent database.

The additional data represent a significant expansion in the quantity of characterization
dataavailable to EPA for analysis. For example, the data set used for the risk assessments
supporting the RTC covered approximately 50 CCW generation and/or disposal sites. With the
addition of the supplemental data, the 2003 CCW constituent database now covers more than
160 sites. The 1999 data set included approximately 10,000 individual samples of CCW. The
2003 CCW constituent database now includes more than 35,000 individual samples.

The additional data also represent an expansion in the scope of characterization data
available to EPA for analysis. The 1999 data were obtained exclusively from the electric power
industry. As shown in Attachment A-1, the 2003 data set includes data from other sources, such
as scientific literature and state and federal regulatory agencies. The 1999 data set included
analyses of whole waste samples, surface impoundment and landfill porewater analyses, and
analyses of extracts obtained using the Toxicity Characteristic Leaching Procedure (TCLP), the
Synthetic Precipitation Leaching Procedure (SPLP), and Extraction Procedure (EP) Toxicity
leaching methods. The 2003 data set adds analyses of actual landfill leachate (e.g., obtained from
leachate collection systems), analyses of extracts obtained using other leaching methods
(including higher retention time leaching methods), and porewater analyses.

The 2003 CCW constituent database represents CCW characteristics across a broad cross
section of the generating universe. Not only does the database include data from a large number
of sites, but these sites are distributed throughout the United States, as shown in Table A-2. The
database includes datafor all mgjor types of CCW (i.e., fly ash, bottom ash, flue gas
desulfurization [FGD] sludge, fluidized bed combustion [FBC] fly ash, and FBC bed ash), from
mixtures of CCW types that are commonly created during disposal operations (e.g., combined fly
ash and bottom ash), and from CCW mixed with coal refuse (a common disposal practice).
Section A.2 discusses waste types in more detail.
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Table A-2. States Included in the CCW Constituent Database

Alaska [llinois Maryland
Arkansas Indiana Michigan
Cdlifornia Kentucky Ohio
Colorado Missouri Oklahoma
Connecticut North Carolina Pennsylvania
Florida North Dakota Tennessee
Georgia Nebraska Texas

Hawaii New Mexico Wisconsin
lowa Louisiana West Virginia

The database al so includes data for CCW generated from combustion of all major coal
ranks: bituminous, sub-bituminous, lignite, and anthracite. Although the database does include
coal type designations for most of the entries, in many cases the type is not specified. In addition,
many coal plants mix coal from different sources (e.g., eastern and western coals), depending on
prices and the need to reduce sulfur levels. As aresult, correlations of risk results with coal types
may be difficult and may not produce significant results.

A.2 DataPreparation

Table A-3 lists the waste types evaluated in the CCW risk assessment, along with the
number of sites representing each waste type in the CCW constituent database. Key stepsin
preparing these data for screening include (1) selection and grouping of waste typesto be
addressed, (2) selection of the analyte data to be used, and (3) processing of these data to develop
the analyte concentrations for the screening analysis.

Table A-3. Waste Streamsin CCW Constituent Database

Number of Sites by Waste Type®
Surface
Waste Type L andfill I mpoundment
Waste Streams L eachate Por ewater Total Waste
Conventional Combustion Waste 97 13 62
Ash (not otherwise specified) 43 0 30
Fly ash 61 2 33
Bottom ash & slag 24 3 23
Combined fly & bottom ash 7 4 4
FGD sludge 4 6 5
Codisposed Ash & Coal Refuse 9 5 1
Fluidized Bed Combustion Waste 58 0 54
Ash (not otherwise specified) 18 0 10
Fly ash 33 0 32
Bottom and bed ash 26 0 25
Combined fly & bottom ash 20 0 22
2 Site counts by waste type from |eachate, porewater, and whole waste data tables in the 2003 CCW
constituent database.
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A.2.1 Selection and Grouping of Waste Types of Concern

The CCW constituent database contains a variety of waste types. Some selection and
grouping of these types was appropriate so that the risk assessment could eval uate risks
consistently for groups of wastes that are expected to behave similarly when disposed in landfills
and surface impoundments.

Combustion ash types in the CCW constituent database include fly ash, bottom ash, bed
ash, slag, combined fly and bottom ash, and coal ash not otherwise specified. Based on a
statistical analysis that showed no significant difference in leachate and porewater chemistry, the
analysis combines data for these ash types for landfills and surface impoundments. FGD sludge
is also combined with these conventional combustion ash types based on insignificant
differences in porewater chemistry and the fact that FGD sludge is usually codisposed with
varying amounts of fly ash and bottom ash.

CCW porewater constituent data did show that FBC wastes and codisposed ash and coal
refuse (coal waste from coal crushers and other coal preparation and handling operations’) differ
significantly from coal combustion ash in their composition and leachate chemistry, so these
wastes were addressed separately in the risk analysis. FBC waste chemistry isimpacted by the
limestone injected with coal in FBC units for sulfur capture and tends to be very alkaline with
high levels of calcium and sulfate. Coal refuse is high in pyrite, which generates sulfuric acid
when disposed. As aresult, combustion wastes exhibit alower pH when codisposed with coal
refuse.

A.2.2 Selection of Appropriate Analyte Data

CCW analyte concentration data represent leachate from landfills and surface
impoundments and whole waste in landfills, as follows:

» Whole waste analyte concentrations (in mg/kg) represent landfill waste.

= Analyte concentrations (in mg/L) in porewater sampled from surface impoundment
sediments represent surface impoundment |leachate.

= Analyte concentrations for extracts from leaching methods, analyses of actual landfill
leachate, and landfill porewater analyses represent landfill leachate. Because the CCW
constituent database includes analyte concentrations from several leaching methods, a
decision hierarchy was used to select leachate analyses to use in the risk assessment
(Table A-4).

As shown in Table A-4, the methods thought to best represent long-term waste monofill
porewater composition (i.e., methods with long equilibration times and low liquid-to-solid ratios)
represent only afew sites, with most sites having TCLP and/or SPL P measurements. To best
represent CCW landfill waste concentration at awide variety of sites, the hierarchy rank shown
in Table A-4 was used to select the best method for a particular site. For sites where two or more

! Coal refuse isthe waste coal produced from coal handling, crushing, and sizing operations. In the CCW constituent
database, codisposed coal refuse includes “ combined ash and coal gob”, “combined ash and coal refuse’, and
“combined bottom ash and pyrites’.
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methods are available in the same rank (which often occurs for SPLP and TCLP analyses), the
screening analysis uses the method with the highest analyte concentrations. This ensures that the
data used in the risk assessment are the best that are available and represent a broad variety of
waste disposal conditions.

Table A-4. Comparison/Hierarchy of L eaching Methodsfor Landfills
Represented in CCW Constituent Database

Method (Rank)

Description

Advantages

Disadvantages

Landfill leachate (1)

Direct samples of
landfill leachate

Most representative of
leachate chemistry

Low number of sites represented

Landfill porewater (1)

Direct porewater
samples from landfill

Most representative of
leachate chemistry

Low number of sites represented

High retention time and
low liquid-to-solid ratio
(L:S) methods (2)

Waste extractions with
long equilibration times
(days to weeks) and low
L:S

Better representation
of landfill
equilibration times
andL:S

Low number of sites represented

Low L:S methods (3)

Waste extractions with
lowL:S

Better representation
of landfill L:S

Low number of sites represented;
equilibrium times relatively short

High retention time

Waste extractions with

Better representation

Low number of sites represented;

methods (3) long equilibration times | of landfill L:Srelatively high
(days to weeks) equilibration times
TCLP (4) Toxicity Characteristic | Most representativein | High L:S (20:1) can dilute leachate
Leaching Procedure terms of number of concentrations; short equilibration
waste extractions sites, waste types time (18 hours) may not allow
covered equilibrium to develop; Na-acetate
buffer can overestimate leaching for
some constituents (e.g., Pb)
SPLP (4) Synthetic Precipitation | Morerepresentativein | High L:S (20:1) can dilute |eachate

Leaching Procedure and
other dilute water waste
extractions

terms of number of
sites, waste types
covered; extract
similar to precipitation

concentrations; short equilibration
time (18 hours) may not allow
equilibrium to develop

A.2.3 Development of Waste Constituent Concentrations

To allow risk assessment results to be organized by waste constituent and waste type,
CCW data were processed to produce a single concentration per waste stream (surface
impoundment porewater, landfill leachate, and landfill whole waste), analyte, and site for usein
the risk assessment. Data processing to prepare these analyte concentrations for the CCW risk
assessment involved two steps:

1. Calculation of average constituent concentrations by site for landfill leachate,
surface impoundment porewater, and total ash concentrations. Site averaging avoids
potential bias toward sites with many analyses per analyte. During site averaging, any
separate waste disposal scenarios occurring at asite (e.g., non-FBC and FBC ash) were
treated as separate “ sites’ and were averaged independently. This approach is consistent
with that used in the 1998 CCW risk analysis. Asin 1998, nondetects were averaged at

one-half the reported detection limit.
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2. Selection of waste concentrations from site-averaged values. For the Monte Carlo

A.3

analysis, the analysis randomly selected, by waste type/waste management unit (WMU)
scenario, site-averaged leachate concentrations. For landfills, a corresponding total waste
analysis was pulled from the database or calculated from a constituent-specific
relationship between landfill leachate and total waste analyses.

Constituent Screening and Selection

The CCW risk assessment employed two steps to narrow the list of CCW constituents for

the full-scale Monte Carlo risk assessment. Two steps were conducted to focus the full-scale
anaysis on the CCW constituents of most concern:

1. Hazard Identification, which involved collection of existing human health and

ecological benchmarks for the constituents of concern. Only chemicals with benchmarks
moved on to risk screening.

Constituent Screening, which compared health-based concentration benchmarks against
very conservative estimates of exposure concentrations (e.g., whole waste concentrations,
leaching concentrations) to quickly and simply “screen out” constituents and exposure
pathways of no significant concern.

During the hazard identification step of the CCW risk assessment, constituents of

potential concern were first identified by searching, from EPA and other reputable sources, for
human health and ecological benchmarks for each chemical in the CCW constituent database.
Table A-5 shows the result of that search; of the 41 chemicals in the database, 26 chemicals were
found to have benchmarks.

Table A-5. Toxicity Assessment of CCW Constituents

Constituent | CASID | HHB | EcoB Constituent | CASID | HHB | EcoB
Metals Inorganic Anions

Aluminum 7429-90-5 4 4 Chloride 16887-00-6

Antimony 7440-36-0 4 v Cyanide 57-12-5 v
Arsenic 7440-38-2 v? v Fluoride 16984-48-8 v
Barium 7440-39-3 v 4 Nitrate 14797-55-8 v
Beryllium 7440-41-7 v? v Nitrite 14797-65-0 v
Boron 7440-42-8 4 v Phosphate 14265-44-2

Cadmium 7440-43-9 v? 4 Silicon 7631-86-9

Chromium 7440-47-3 v? v Sulfate 14808-79-8

Cobalt 7440-48-4 v? 4 Sulfide 18496-25-8

Copper 7440-50-8 vP v Inorganic Cations

Iron 7439-89-6 Ammonia 7664-41-7 v
Lead 7439-92-1 v’ v | Cdcium 7440-70-2
Magnesium 7439-95-4 pH 12408-02-5
Manganese 7439-96-5 v Potassium 7440-09-7

Mercury 7439-97-6 4 4 Sodium 7440-23-5
Molybdenum 7439-98-7 v v Nonmetallic Elements

Nickel 7440-02-0 4 4 Carbon 7440-44-0

Selenium 7782-49-2 v 4 Sulfur 7704-34-9

Silver 7440-22-4 v v Measurements

Strontium 7440-24-6 v Total Dissolved Solids none
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Constituent CASID HHB EcoB Constituent CASID HHB EcoB
Thallium 7440-28-0 4 4 Total Organic Carbon none

Vanadium 7440-62-2 4 4 Dissolved Organic Carbon none

Zinc 7440-66-6 4 4

HHB = human health effect benchmark; EcoB = ecological benchmark.

& Carcinogen.

® Safe Drinking Water Act Action Level only.

To further narrow the list of constituents, a screening analysis (RTI, 2002) was conducted
that compared health-based concentration benchmarks against very conservative estimates of
exposure concentrations (e.g., 95" percentile whole waste and |eachate concentrations) to
quickly and simply “screen out” constituents and exposure pathways posing no significant risk to
human health or the environment. Based on the number of pathways with screening failures and
how much each chemical exceeded a benchmark, the constituents failing this screen were
divided into two groups: (1) those of marginal concern and (2) those of greater concern. Table
A-6 shows each of these groups. Constituents of greater concern were subjected to the full-scale
probabilistic risk assessment described in this document.

Table A-6. Screening Analysis Results. Selection and Prioritization
of CCW Chemicalsfor Further Analysis

Human Health — Human Health — Ecological Risk —
Drinking Water Surface Water?® Surface Water
LFRank | SIRank | LFRank | SIRank | LFRank | Sl Rank | Modeling
Analyte [maxHQ] | [maxHQ] | [maxHQ] | [maxHQ] | [maxHQ] | [maxHQ] | Priority

Constituents of Greater Concern (Full-Scale Analysis)

Arsenic® 1[240] 1[1,800] 2[22] 5[1.7] 71[4.9] 3[64] 1
Boron 6[4.0] 3[28] - - 2 [660] 1[4,700] 1
Cadmium 71[3.4] 7[8.9] 5[1.4] 4[3.7] 11[2.0] 9[5.2] 1
Lead 4]16] 5[12] - - 3[79] 459 1
Mercury - - 1[700] 1[65] 1[1,400] 2[132] 1
Selenium 11[1.2] 13[2.4] 414.7] 3[9.5] 8[3.5] 8[7.1] 1
Thallium 3[21] 4[19] 3[6.3] 2[5.7] - - 1
Aluminum - - - - 5[12] 6[27] 2
Antimony 2[22] 10[5.5] - - - - 2
Barium - - - - 4140 7[7.5] 2
Cobalt 6 [11] - - - 5[27] 2
Molybdenum 5[4.2] 8[6.8] - - - - 2
Nitrate/Nitrite -/ 2[60]/ - - - - 2

12[1.2] 15[1.2]

Congtituents of Marginal Concern

ChromiumVI | 8[2.3] 12[4.2] - - 12[18] | 10[33 | 3
Fluoride 10[1.8] 11[5.2] - - - - 3
Manganese 13[1] 91[5.6] - - - - 3
Vanadium 9[2.2] 14[2.3] - - 10[2.3] 12[2.4] 3
Beryllium - - - - 9[2.4] - 4
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Human Health — Human Health — Ecological Risk —
Drinking Water Surface Water?® Surface Water
LFRank | SIRank | LFRank | SIRank | LFRank | Sl Rank | Modeling
Analyte [maxHQ] | [maxHQ] | [maxHQ] | [maxHQ] | [maxHQ] | [maxHQ] | Priority
Constituents of Greater Concern (Full-Scale Analysis)
Copper - - - - 14[1.6] 11[3.1] 4
Nickel - 16 [1.3] - - - 13[1.4] 4
Silver - - - - 6[11] 14[1.4] 4
Zinc - - - - 13[1.6] - 4

LF = landfill; maxHQ = maximum hazard quotient; Sl = surface impoundment.
& Fish consumption pathway.
® Arsenic values for human health are [excess cancer risk / target risk (1E-05)].

A.4 Reaults

Attachment A-2 provides the site-averaged constituent data used in the full-scale CCW
risk assessment by waste type/WMU scenario.
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Attachment A-2: CCW Constituent Data
No. of No. of
L eachate | Leachate
WMU M easur e- Non-

Site/Waste Type Type Chemical Leachate (mg/L) | ments detects Total (mg/kg)
11-FBC LF  |Arsenic 0.002916667 3 3 51
11-FBC LF |Barium 0.339166667 3 3 174.5
11- FBC LF |Cadmium 0.0005 4 4 6.91875
11-FBC LF |Lead 0.0025 4 4 39.5
11-FBC LF |Mercury 0.00125 4 4 0.1325
11-FBC LF [Selenium 0.00225 4 2 455
12-FBC LF  |Aluminum 34 1 0 35874.6
12-FBC LF  |Antimony 0.27 1 0 18
12-FBC LF  |Arsenic 0.02205 2 0 57.64333333
12-FBC LF [Barium 0.196 2 1 203.805
12- FBC LF [Boron 0.05 1 1 20.324
12-FBC LF [Cadmium 0.005625 2 1 0.279375
12-FBC LF |Lead 0.025 1 1 45.66666667
12-FBC LF |Mercury 0.00005 2 2 1.2575
12- FBC LF  |Molybdenum 0.21 1 0 155
12-FBC LF [Selenium 0.04355 2 0 7.365833333
17 - FBC LF  [Aluminum 4.788 5 0 46194.8
17-FBC LF  |Antimony 0.0708 5 2 14.60333333
17-FBC LF |Arsenic 0.1378 5 0 71.46666667
17-FBC LF [Barium 0.3512 5 1 134.975
17 - FBC LF |Boron 0.4404 5 1 34.06333333
17-FBC LF |Cadmium 0.0434 5 2 3.058333333
17-FBC LF |Lead 0.2372 5 2 49.65
17-FBC LF  |Mercury 0.01022 5 5 1.60345
17-FBC LF |Molybdenum 0.097 5 1 3.515
17-FBC LF |Sdenium 0.06315 5 2 3.301666667
18- FBC LF  |Aluminum 1.333333333 3 0 23501.33333
18- FBC LF  |Antimony 0.025 3 3 5
18- FBC LF  |Arsenic 0.025 3 3 53.33333333
18- FBC LF |Barium 0.175 3 1 211.3333333
18- FBC LF |Boron 1.341666667 3 1 532.3333333
18- FBC LF [Cadmium 0.025 3 3 25
18- FBC LF |Cobalt 0.025 3 3 11
18- FBC LF |Lead 0.025 3 3 22
18- FBC LF  |Mercury 0.0005 3 2 0.268333333
18- FBC LF  |Molybdenum 0.175 3 1 7.666666667
18-FBC LF [Selenium 0.108333333 3 1 0.5

(continued)
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CCW Constituent Data (continued)
No. of No. of
L eachate | Leachate
WMU M easure- Non-

Site/lWaste Type Type Chemical Leachate (mg/L) | ments detects Total (mg/kg)
18- FBC LF |Thalium 0.025 3 3 1
19-FBC LF |Arsenic 0.0875 2 1 6.25
19- FBC LF [Barium 0.27 2 1 39.2
19- FBC LF |Cadmium 0.01375 2 2 25
19-FBC LF |Lead 0.0675 2 2 3.75
19-FBC LF |Mercury 0.00125 2 1 0.125
19- FBC LF [Selenium 0.06875 2 2 6.25
20- FBC LF  |Aluminum 10.81 12 0 34329.16522
20-FBC LF  |Antimony 0.787 10 0 46.28125
20-FBC LF |Arsenic 0.035 12 0 15.03130435
20- FBC LF |Barium 0.381818182 11 0 255.4608696
20-FBC LF |Boron 0.457142857 7 0 28.0025
20-FBC LF |Cadmium 0.03625 8 0 2.089166667
20- FBC LF |Lead 0.301111111 9 0 36.20052632
20-FBC LF  [Mercury 0.29 1 0 0.454
20-FBC LF |Molybdenum 0.392857143 7 0 12.10111111
20- FBC LF |Selenium 0.088571429 7 0 4.177333333
21-FBC LF  |Aluminum 1.91 3 0 14677.33167
21-FBC LF  |Antimony 0.001833333 3 3 1.083333333
21-FBC LF |Arsenic 0.012 3 0 10.76666667
21-FBC LF |Barium 0.022333333 3 2 176.2666667
21-FBC LF |Boron 0.036666667 3 2 14.38333333
21-FBC LF |Cadmium 0.002083333 3 3 0.145833333
21-FBC LF |Cobalt 0.008333333 3 2 5.756666667
21-FBC LF |Lead 0.009166667 3 3 27.3
21-FBC LF  |Mercury 0.000133333 3 2 0.431666667
21-FBC LF  |Molybdenum 0.0125 3 3 3.708333333
21-FBC LF |Selenium 0.016666667 3 0 10.9
2-18- Ash LF |Arsenic 0.41794375 16 3
2-18- Ash LF |Barium 0.4305625 16 0
2-18- Ash LF |Boron 1.0160625 16 0
2-18- Ash LF [Cadmium 0.05825 16 11
2-18- Ash LF |Lead 0.2819375 16 11
2-18- Ash LF  |Mercury 0.000115625 16 16
2-18- Ash LF |Sdenium 0.01534375 16 8
22-FBC LF |Arsenic 0.055 5 3
22-FBC LF [Barium 0.5405 5 1
22 - FBC LF |Cadmium 0.003 5 5
22 - FBC LF |Lead 0.015 5 5
22-FBC LF |Mercury 0.0002 5 3
22-FBC LF  |Molybdenum 0.0125 2 2

(continued)
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CCW Constituent Data (continued)
No. of No. of
L eachate | Leachate
WMU M easure- Non-

Site/Waste Type Type Chemical Leachate (mg/L) | ments detects Total (mg/kg)
22 - FBC LF |Sdenium 0.032 5 5
23-FBC LF [Barium 0.81 4 0
25-FBC LF |Arsenic 0.125 1 1
25-FBC LF |Barium 25 1 1
25-FBC LF |Cadmium 0.025 1 1
25-FBC LF |Lead 0.125 1 1
25-FBC LF |Mercury 0.005 1 1
25-FBC LF [Selenium 0.025 1 1
28 - FBC LF |Barium 2.525 2 0 235.11875
30-FBC LF  |Aluminum 6.894555556 18 7 28246.46923
30- FBC LF |Antimony 0.548082353 17 2 61.49315385
30-FBC LF |Arsenic 0.050694444 18 3 48.55980769
30-FBC LF |Barium 0.286388889 18 6 120.0687692
30-FBC LF |Boron 0.31759375 16 7 30.83913462
30-FBC LF [Cadmium 0.023125 14 3 1.916230769
30-FBC LF |Lead 0.240805556 18 4 39.36092308
30-FBC LF  |Mercury 0.000744444 18 17 10.91689923
30-FBC LF |Molybdenum 0.138125 16 10 14.50257692
30- FBC LF |Selenium 0.10475 16 10 5.603596154
31-FBC LF  [Aluminum 0.28 1 0 29437.5
31-FBC LF  |Antimony 0.00065 1 1 5.0325
31-FBC LF |Arsenic 0.0687 4 2 26.825
31-FBC LF [Barium 0.58275 4 0 170.25
31-FBC LF [Boron 26.7 1 0 930
31-FBC LF |Cadmium 0.02775 4 3 5.45
31-FBC LF |Cobalt 0.0065 1 0 6.42
31-FBC LF |Lead 0.03025 4 3 1.19
31-FBC LF |Mercury 0.00095 4 1 0.61
31-FBC LF  |Molybdenum 0.085 1 0 8
31-FBC LF |Sdenium 0.06485 4 2 754
32-FBC LF |Arsenic 0.35 1 1 14
32-FBC LF |Barium 0.085 1 0
32-FBC LF |Cadmium 0.005 1 1 0.009
32-FBC LF |Lead 0.05 1 1 0.45
32-FBC LF  [Mercury 0.0001 1 1 0.03
32-FBC LF [Selenium 0.175 1 1 35
33-FBC LF |Arsenic 0.015 1 1
33-FBC LF |Barium 42 1 0
33-FBC LF |Boron 0.06 1 0
33-FBC LF |Cadmium 0.00125 1 1
33-FBC LF |Cobalt 0.0025 1 1
33-FBC LF |Mercury 0.00005 1 1
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Appendix A Attachment A-2: CCW Constituent Data
CCW Constituent Data (continued)
No. of No. of
L eachate | Leachate
WMU M easure- Non-

Site/Waste Type Type Chemical Leachate (mg/L) | ments detects Total (mg/kg)
33-FBC LF |Sdenium 0.01 1 1
35-FBC LF  |Arsenic 0.015 1 1
35-FBC LF [Barium 2.6 1 0
35-FBC LF |Cadmium 0.009 1 0
35-FBC LF |Lead 0.035 1 1
35-FBC LF  |[Mercury 0.00025 1 1
35-FBC LF [Selenium 0.2 1 0
37-FBC LF |Arsenic 0.011102941 17 9 5.79
37-FBC LF |Barium 2.104705882 17 2
37-FBC LF |Boron 1.125 5 1 15.9
37-FBC LF |[Cadmium 0.046176471 17 4 4.183333333
37-FBC LF |Cobalt 0.246 5 0
37-FBC LF |Lead 0.287352941 17 6 55
37-FBC LF |Mercury 0.001314706 17 4 0.01125
37-FBC LF [Selenium 0.01075 17 9 3.42
38-FBC LF  |Aluminum 2.256666667 9 2 26711.25
38-FBC LF  |Antimony 0.213069444 9 6 11.27770833
38-FBC LF |Arsenic 0.024554444 9 3 25.136075
38-FBC LF |Barium 0.178888889 9 4 181.0083333
38-FBC LF [Boron 0.346555556 9 2 26.98916667
38-FBC LF |Cadmium 0.007388889 9 5 0.71625
38-FBC LF |Cobalt 0.008566667 3 2 4515
38-FBC LF |Lead 0.0565 9 6 28.54166667
38-FBC LF |[Mercury 0.000344444 9 8 0.18195
38-FBC LF  |Molybdenum 0.177375 8 2 14.1875
38-FBC LF |Sdenium 0.088561111 9 4 7.682450833
39-FBC LF |Arsenic 0.075 1 1 145
39-FBC LF |Barium 0.395 2 1 590
39-FBC LF |Boron 0.76 1 0
39-FBC LF |Cadmium 0.005 1 1 05
39-FBC LF |Lead 0.025 1 1 15
39-FBC LF |Mercury 0.00025 1 1 0.17
39-FBC LF  |Molybdenum 0.14 1 0 135
39-FBC LF |Sdenium 0.025 1 1 215
4-FBC LF  |Aluminum 13.556 5 0 16084.68429
4-FBC LF |Antimony 0.2236 5 2 26.78817857
4-FBC LF |Arsenic 0.271 5 0 28.03585714
4-FBC LF |Barium 0.6346 5 1 154.95
4-FBC LF |Boron 0.693 4 0 13.026
4-FBC LF |Cadmium 0.0115 5 2 0.646539286
4-FBC LF |Lead 0.1834 5 1 18.35671429
4-FBC LF |Mercury 0.00005 5 5 0.087192857
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Appendix A Attachment A-2: CCW Constituent Data
CCW Constituent Data (continued)
No. of No. of
L eachate | Leachate
WMU M easure- Non-

Site/Waste Type Type Chemical Leachate (mg/L) | ments detects Total (mg/kg)
4-FBC LF  |Molybdenum 0.286666667 3 0 16.18257143
4-FBC LF [Selenium 0.0620625 4 2 1.505421429
41-FBC LF  |Antimony 0.025 5 5 1.551333333
41 - FBC LF |Arsenic 0.035471698 53 50 13.72255319
41 - FBC LF |Barium 0.095694444 54 25 19.05490196
41 - FBC LF |[Cadmium 0.022355769 52 51 0.427826087
41 - FBC LF |Lead 0.017548077 52 51 0.935208333
41-FBC LF  |Mercury 0.000596154 52 50 0.119542553
41 - FBC LF |Selenium 0.024433962 53 51 1.505744681
41 - FBC LF |Thalium 0.031 5 4 3.662790698
42 - FBC LF  |Arsenic 0.0125 2 2
42 - FBC LF [Barium 0.1625 2 1
42 - FBC LF |Cadmium 0.005 2 2
42 - FBC LF |Lead 0.0075 2 2
42 - FBC LF |Mercury 0.0005 2 2
42 - FBC LF |Selenium 0.0125 2 2
43 - FBC LF |Arsenic 0.0125 2 2
43 - FBC LF |Barium 0.0875 2 1
43-FBC LF |[Cadmium 0.005 2 2
43-FBC LF |Lead 0.0075 2 2
43 - FBC LF  |Mercury 0.0005 2 2
43 - FBC LF |Sdenium 0.08625 2 1
6-FBC LF  [Aluminum 0.1525 2 1 42736.5
6-FBC LF  |Antimony 0.05 2 2 16.25
6- FBC LF |Arsenic 0.09125 2 1 126.6
6- FBC LF |Barium 0.285 2 0 2215
6-FBC LF |Boron 0.1425 2 1 73.8
6- FBC LF |Cadmium 0.0025 2 2 1.29625
6-FBC LF |Lead 0.01375 2 2 8.1125
6-FBC LF |Mercury 0.00005 2 2 1.16
6-FBC LF  |Molybdenum 0.09 2 0 1.425
6- FBC LF |Selenium 0.1025 2 1 84.5625
Amerikohl - FBC LF  |Aluminum 0.753333333 3 0 51600
Amerikohl - FBC LF  |Antimony 0.345 3 3 20
Amerikohl - FBC LF |Arsenic 0.024166667 3 3 114
Amerikohl - FBC LF |Barium 0.1 3 3 140
Amerikohl - FBC LF |Boron 0.346666667 3 1 60
Amerikohl - FBC LF |Cadmium 0.004166667 3 3 0.15
Amerikohl - FBC LF |Cobalt 0.175 3 3 30
Amerikohl - FBC LF |Lead 0.009166667 3 3 23
Amerikohl - FBC LF [Mercury 0.0005 3 3 0.15
Amerikohl - FBC LF |Molybdenum 0.266666667 3 1 10
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Appendix A

Attachment A-2: CCW Constituent Data

CCW Constituent Data (continued)

No. of No. of
L eachate | Leachate
WMU M easure- Non-

Site/Waste Type Type Chemical Leachate (mg/L) | ments detects Total (mg/kg)
Amerikohl - FBC LF  |Nitrate/Nitrite 3.15 3 3
Amerikohl - FBC L