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All but one state regulates the disposal of coal
combustion wastes under their hazardous or solid waste
disposal regulations. One state exempts these wastes from
regulation.

State solid waste regulations applicable to coal
combustion wastes vary widely across the country.
Cenerally, solid waste regulations require that disposal
facilities have permits; location restrictions and
standards related to liners, leachate control, and
ground-water monitoring are applied on a case-by-case
basis.

Currently, about 80 percent of all coal-fired power plant
wastes are land managed; the remaining 20 percent are

recycled or recovered. The most common types of disposal
facilities used by utilities generating coal-fired wastes
are surface impoundments, landfills, and abandoned mines.

Currently, about 25 percent of utility treatment, storage,
and disposal facilities that receive combustion waste are
lined. About 15 percent of all facilities have leachate
collection systems, and 35 percent have ground-water
monitoring.

Newer facilities are more likely to be lined, have
leachate collection systems, and ground-water monitoring
systems. More than 40 percent of all generating units
constructed since 1975 use lined disposal facilities.

About 20 percent of all high-volume combustion wastes,
particularly fly ash and bottom ash, are recycled,
primarily as cement additives, high-volume road
construction material, or blasting grit.

About 99 percent of FGD wastes are currently disposed;
however, recovery of sulfur and sulfur products from FGD
wastes is a developing and promising technology.
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CHAPTER 4
NOTES
1 Wald, Harkrader & Ross, Survey of State Laws and Regulations

Governing Disposal of Utility Coal-Combustion Byproducts, for the Utility
Solid Waste Activities Group (USWAG), 1983,

2 States have probably followed U.S. EPA's lead in exempting coal
combusting wastes. Many states’ regulations explicitly refer to 40 CFR 261.4,
or use the clause’s exact wording.

3 The following State officials were interviewed: Brett Bettes, Solid
Waste Division, Washington Department of Ecology, January 6, 1987; Ken Raymond,
Industrial and Solid Waste Division, Oklahoma Department of Health, December
31, 1986; Dwight Hinch, Division of Waste Management, Tennessee Department of
Health, December 31, 1986; Shelby Jett, Division of Waste Management, Kentucky
Department of Environmental Protection, January 6, 1987; Vincent Nikle,
Assistant Liaison's Office, New Jersey Department of Environmental Protection,
December 17, 1986.

4 According to Maine's Solid Waste Management Regulations: "More
Stringent Criteria for Large-Scale Disposal of 0il, Coal and Incinerator Ash:
Because of the concentration of heavy metals in residues from the combustion of
municipal solid waste or the combustion of o0il or coal, including bottom ash
and fly ash, disposal of such ashes when they occur in amounts that exceed a
total accumulation of 20 cubic yards of coal ash ... per week over any
one-month period shall be confined to a secure landfill. For the purposes of
these rules, a secure landfill shall mean a landfill with a liner and a
leachate management system." (Maine’'s Solid Waste Management Regulatioms,
Chapter 401.2.3.).

5 The exhibit assumes that both on-site and off-site permits are required
unless the regulations explicitly state otherwise.

6 See Chapter One for discussion of the regulation of low-volume utility
waste streams.

7 Waste piling, a method occasionally employed by utilities, is not
discussed in this report. Waste piles are mounds of ash placed on the ground
and covered with soil.

8 u.s. Department of Energy, Impacts of Proposed RCRA Regulations and
Other Related Federal Environmental Regulations on Utility Fossil Fuel-Fired

Facilities, Volume II. 1983.

9 see Chapter 6 for a discussion of disposal costs.

10 Haller, W.A., J.E. Harwood, S.T. Mayne, and A. Gnilka, "Ash Basin
Equivalency Demonstration (for treatment of boiler cleaning wastes containing
heavy metals)," Duke Power Company, 1976.



L.

A Envirosphere Company, Environmental Settings and Solid Residues
Disposal in the Electric Utility Industry, EPRI Report EA-3681, 1982.

e Ibid.

13 1piq.

e A low-permeable clay is one that has been deggrmined in laboratory
testing to have a permeability coefficient, K, of 10 ' cm/sec or less.

] There are one thousand mils per inch.
16 See 40 CFR 264.
17

Engineering-Science, Background Data on Utility Fossil Fuel-fired
Facilities, prepared for USDOE, Office of Fossil Energy, 1983.

18 Ibid.

19 1bia.

20 5

EPRI Journal, 1985, op. cit.

o EPRI, Manual for Low-Volume Wastes From Fossil-Fuel-Fired Power Plants,
prepared by Radian Corporation, Austin, Texas, July 1987.

2 EPRI, Characterization of Utility Low-Volume Wastes, prepared by Radian
Corporation, Austin, Texas, May 1985.

23 Ibid.

=% Ibid.

23 EpRI, 1987.

26 pR1, 1985.

27 gprI, 1987.

i EPRI, 1985.

29

40 CFR 228, Criteria for the Management of Ocean Disposal Sites for
Ocean Dumping.



2 Envirosphere Company, "Economic Analysis of Impact of RCRA om Coal

Combustion By-Products Utilization" in Report and Technical Studies on the

Disposal and Utilization of Fossil-Fuel Combustion By-Products, Appendix G,
prepared for Utility Solid Waste Activities Group (USWAG), October 1982.

% Information compiled by the American Coal Ash Association on 1985 ash

utilization, August 1, 1986.

3 EPRI Journal. 1985. op. ci
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4 Ibid.

45 USWAG, 1982,

29 EPRI Journal. 1985. op. ¢

37 yswac. 1982. op. cit.

3 Ibid.

32 For example, see comments by Garry Jablonski, section manager of ash
utilization for the American Electric Power Company, "Coal Ash Market Report,"
Vol. 1, No. 9, July 15, 1987.

40 EPRI, State-of-the-Art of FGD Sludge Fixation, 1978.

- Ibid.

ot

2 Envirosphere Company, Information Responding to EPA's Request Regarding
Burning and Co-Treatment/Co-Disposal of Low Volume Wastes Generated At Fossil
Fuel Electric Generating Statioms, prepared for USWAG and Edison Electric
Institute, August 1981.

ad The economics of burning these wastes would depend on the applicable
regulations. Regulations concerning the burning of hazardous wastes are
currently being developed and are scheduled for final promulgation in mid-1987.

4
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acidity - the amount of free carbon dioxide, mineral acids and salts
(especially sulfates or iron and aluminum) which hydrolyze to give hydrogen
ions in water and is reported as milli-equivalents per liter of acid, or ppm
acidity as calcium carbonate, or pH the measure of hydrogen ions
concentration. Indicated by a pH of less than 7.

administrator - the Administrator of the United States Environmental
Protection Agency, or his/her designee,

alkaline cleaning solution wastes - water-side cleaning waste resulting from
the removal of high copper content scale from the utility boiler.

alkaline passivating waste - water-side cleaning waste resulting from the
removal of iron and copper compounds and silica to neutralize acidity after
acid cleaning.

alkalinity - the amount of carbonates, bicarbonates, hydroxides and
silicates or phosphates in the water and is reported as grains per gallon, pH,
or ppm of carbonate. Indicated by a pH of greater than 7.

alkaline fly ash scrubber - a flue gas desulfurization system in which flue
gas reacts with alkaline fly ash that is augmented with a lime/limestone
slurry.

anthracite - a high ASTM ranked coal with dry fixed carbon 92% or more and
less than 98%; and dry volatile matter 8% or less and more than 2% on a

mineral-matter-free basis.

aquifer - a water-bearing bed or structure of permeable rock, sand, or gravel
capable of yielding quantities of water to wells or springs.

ash - the incombustible solid matter in fuel.

ash fusion - the temperatures at which a cone of coal or coke ash exhibits
certain melting characteristies.

attenuation - a process that slows the migration of constituents through the
ground.

baghouse - an air pollution abatement device used to trap particulates by
filtering gas streams through large fabric bags usually made of glass fibers.

base load - base load is the term applied to that portion of a station or
boiler load that is practically constant for long periods.

batch test - a laboratory leachate test in which the waste sample is placed
in, rather than washed with, leachate solution.



bituminous coal - ASTM coal classification by rank on a mineral/matter-free
basis and with bed moisture only.

low volatile: dry fixed carbon 78% or more and less than 86%; and
dry volatile matter 22% or more and less than 14%.

medium volatile: dry fixed carbon 69% or more and less than

78%; and dry volatile matter 22% or more and less than 31%.

high volatile (A): dry fixed carbon less than 69% and dry
volatile matter more than 31% - Btu value equal to or greater
than 14,000 moist, mineral-matter-free basis.

high volatile (B): Btu value 13,000 or more and less than 14,000
moist, mineral-matter-free basis.

high volatile (C): Btu value 11,000 or more and less than 13,000
moist, mineral-matter-free basis commonly agglomerating, or 8,300

to 11,500 Btu agglomerating.

blower - the fan used to force air through a pulverizer or to force primary air
through an oil or gas burner register.

boiler - a closed vessel in which water is heated, steam is generated, steam is
superheated, or any combination thereof, under pressure or vacuum by the
application of heat,.

boiler blowdown - removal of a portion of boiler water for the purpose of
reducing solid concentration or discharging sludge.

boiler cleaning waste - waste resulting from the cleaning of coal combustion
utility boilers. Boiler cleaning wastes are either water/side or gas-side
cleaning wastes.

boiler slag - melted and fused particles of ash that collect on the bottom of
the boiler.

boiler water - a term used to define a representative sample of the boiler
circulating water. The sample is obtained after the generated steam has been
separated and before the incoming feedwater or added chemical becomes mixed
with it so that its composition is affected.

bottom ash - large ash particles that settle on the bottom of the boiler.

British Thermal Unit (Btu) - the mean British Thermal Unit is 1/180 of the
heat required to raise the temperature of 1 pound of water from 32°F to 212°F
at a constant atmospheric pressure. It is about equal to the quantity of heat
required to raise 1 pound of water 1 degree F.

capacity factor - the total output over a period of time divided by the product
of the boiler capacity and the time period.

CERCLA - The Comprehensive Environmental Response, Compensation, and
Liability Act, commonly referred to as Superfund.
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cell - a section of a landfill, or the size of that section. Usually only a
few cells of a landfill are open to accept waste at a time.

chain grate stoker - a stoker which has a moving endless chain as a grate
surface, onto which coal is fed directly from a hopper.

coal pile runoff - surface runoff from a plant'’s coal pile.

cogeneration - the production of steam (or hot water) and electricity for use
by multiple users generated from a single source.

column test - a leachate extraction procedure that involves passing a solution
through the waste material to remove soluble constituents.

contingency plan - a document setting out an organized, planned, and
coordinated course of action to be followed in case of a fire or explosion or a
release of hazardous waste constituents into the environment.

cooling tower blowdown - water withdrawn from the cooling system in order to
control the concentration of impurities in the cooling water.

cyclone furnace - specialty furnace for high intensity heat release. So named
because of its swirling gas and fuel flows.

demineralizer regeneration and rinses waste - a low volume wastewater
generated from the treatment of water to be used at the plant.

direct lime flue gas desulfurization - see lime/limestone FGD process.
direct limestone flue gas desulfurization - see lime/limestone FGD process.

disposal - the discharge, deposit, injection, dumping, spilling, leaking, or
placing of any solid waste or hazardous waste into or on any land or water such
that any constituent thereof may enter the environment or be emitted into the
air or discharged into any waters, including ground waters.

dry-bottom furnace - a pulverized-fuel furnace in which ash particles are
deposited on the furnace bottom in a dry, non-adherent condition.

dry scrubber - an FGD system for which sulfur dioxide is collected by a solid
medium; the final product is totally dry, typically a fine powder.

dry sorbent injection - an FGD system in the research and development stage
for which a powdered sorbent is injected into the flue gas before it enters the
baghouse. Sulfur dioxide reacts with the reagent in the flue gas and on the
surface of the filter in the baghouse,

dual alkali fly ash scrubber - a flue gas desulfurization system similar to
the lime/limestone process, except that the primary reagent is a solution of
sodium salts and lime.



effluent - a waste liquid in its natural state or partially or completely
treated that discharges in to the environment from a manufacturing or treatment
process.

electrostatic precipitator - an air pollution control device that imparts
an electrical charge to particles in a gas stream causing them to collect on an
electrode.

evapotranspiration - the combined process of evaporation and transpiration.

fabric filter - a cloth device that catches dust and particles from
industrial or utility emissioms.

flash point - the lowest temperature at which vapors above a volatile
combustible substance ignite in air when exposed to flame.

flue gas - the gaseous products of combustion in the flue to the stack.

flue gas desulfurization (FGD) sludge - waste that is generated by the
removal of some of the sulfur compounds from the flue gas after combustion.

fly ash - suspended ash particles carried in the flue gas.
furnace - the combustion chamber of a boiler.

gas-side cleaning waste - waste produced during the removal of residues
(usually fly ash and soot) from the gas-side of the boiler (air preheater,
economizer, superheater, stack, and ancillary equipment),

ground water - water found underground in porous rock strata and soils.

ground water monitoring well - a well used to obtain ground-water samples for
water-quality analysis,

hazardous waste - a solid waste, or combination of solid wastes, which,
because of its quantity, concentration, or physical, chemical, or infectious
characteristics, may (1) cause, or significantly contribute to, an increase in
serious irreversible, or incapacitating reversible illness; or (2) pose a
substantial present or potential hazard to human health or the environment when
improperly treated, stored, transported, disposed of, or otherwise managed.

hard water - Water that contains sufficient dissolved calcium and magnesium to
cause a carbonate scale to form when the water is boiled or to prevent the
sudsing of soap in the water.

high volume waste - fly ash, bottom ash, boiler slag, and flue gas
desulfurization sludge.

hydraulic conductivity - the quantity of water that will flow through a unit
cross-sectional area of a porous material per unit of time.



hydrochloric acid cleaning waste - wastes from the cleaning of scale caused
by water hardness, iron oxides, and copper.

land disposal - the placement of wastes in a landfill, surface impoundment,
waste pile, injection well, land treatment facility, salt dome formation, salt
bed formation, or underground mine or cave.

landfill - a disposal facility or part of a facility where hazardous waste
is placed in or on land and which is not a land treatment facility, a surface
impoundment or injection well.

leachate - the liquid resulting from water percolating through, and
dissolving materials in, waste,

leachate extraction test - a laboratory procedure used to predict the type
and concentration of constituents that will leach out of waste material.

leachate collection, removal, and treatment systems - mitigative measures
used to prevent the leachate from building up above the liner.

life - the depth of a cell in a landfill.

lignite - a coal of lowest ASTM ranking with calorifiec waslue limits omn a
moist, mineral-matter-free basis less than 8,300 Btu.

lime - calcium oxide (CaC03), a chemical used in some FGD systems.
limestone - calcium carbonate (CaOH2), a chemical used in some FGD systems.
lime/limestone FGD process - form of wet non-recovery flue gas

desulfurization system in which flue gases pass through a fly ash collection
device and into a contact chamber where they react with a solution of lime or
crushed limestone to form a slurry which is dewatered and disposed.

liner - a mitigative measure used to prevent ground-water contamination in
which synthetic, natural clay, or bentonite materials that are compatible with
the wastes are used to seal the bottom or surface impoundments and landfills.

low volume waste - wastes generated during equipment maintenance and water
purification processes. Low volume wastes include boiler cleaning solutioms,
boiler blowdown, demineralizer regenerant, pyrites, cooling tower blowdown.

mechanical stoker - a device consisting of mechanically operated fuel feeding
mechanism and a grate, and is used for the propose of feeding solid fuel into a
furnace, and to distribute it over a grate, admitting air to the fuel for the
purpose of combustion, and providing a means for removal or discharge of
refuse,

net recharge - the amount of precipitation absorbed annually into the soil.

off-site - geographically noncontiguous property, or contiguous property that
is not owned by the same person. The opposite of on-site.
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on-site - the same or geographically contiguous property which may be divided
by public or private right(s)-of-ways, provided the entrance and exit between
the properties is at across-roads, intersection, and access is by crossing as
opposed to going along the right(s)-of-way. Noncontiguous properties owned by
the same person but connected by a right-of-way which the person controls and
to which the public does not have access, is also considered on-site property.

Part A - the first part of the two part application that must be submitted by a
TSD facility to receive a permit. It contains general facility information.

Part B - the second part of the two part application that includes detailed and
highly technical information concerning the TSD in question. There is no
standard form for the Part B, instead the facility must submit information
based on the regulatory requirements.

particulates - fine liquid or solid particles such as dust, smoke, mist,
fumes, or smog, found in the air or emissions.

permeability (1) - the ability of a geologic formation to transmit ground water
or other fluids through pores and cracks.

permeability (2) - the rate at which water will seep through waste material.

petroleum coke - solid carbaceous residue remaining in oil refining stills
after distillation process.

pH - a measure of the acidity or alkalinity of a material, liquid or solid.
pH is represented on a scales of 0 to 14 with 7 being neutral state, 0 most
acidic and 14 most alkaline,

plume - a body of ground water originating from a specific source and
influenced by such factors as the local ground-water flow pattern and character
of the aquifer.

pond liquors - waste fluid extracted from a surface impoundment or landfill.

pozzolanic - forming strong, slow-hardening cement-like substance when mixed
with lime or other hardening material,

PDUS - Primary Drinking Water Standards established by the Safe Drinking
Water Act.
pulverizer - a machine which reduces a solid fuel to a fineness suitable for

burning in suspension.

pyrites - solid mineral deposits of raw coal that are separated from the coal
before burning.

reagent - a substance that takes part in one or more chemical reactions or
biological processes and is used to detect other substances.
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recharge - the replenishment of ground water by infiltration of precipitation
through the soil.

RCRA - Resource Conservation and Recovery Act, as amended (Pub. L. 94-580).
The legislation under which EPA regulates solid and hazardous waste.

RCRA Subtitle C Characteristics - criteria used to determine if an unlisted
waste is a hazardous waste under Subtitle C of RCRA.

- corrosivity - a solid waste is considered corrosive if it is
aqueous and has a pH less than or equal to 2 or greater than or
equal to 12.5 or if it is a liquid and corrodes steel at a rate
greater than 6.35 mm per year at a test temperature of 55°C.

- EP toxicity - a solid waste exhibits the characteristic of EP
(extraction procedure) toxicity if, after extraction by a prescribed
EPA method, it yields a metal concen- tration 100 times the
acceptable concentration limits set forth in EPA's primary drinking
water standards.

- ignitability - a solid waste exhibits the characteristic of
ignitability if it is a liquid with a flashpoint below 60°C or a
non-liquid capable or causing fires at standard temperature and
pressure.

- reactivity - a waste is considered reactive if it reacts violently,
forms potentially explosive mixtures, or generates toxic fumes when
mixed with water, or if it is normally unstable and undergoes violent
change without deteriorating.

SDWS - Secondary Drinking Water Standards established by the Safe Drinking
Water Act.

settling lagoon - surface impoundment.

shear strength - the resistance offered by a material subjected to a

compressive stress created when two contiguous parts of the material are forced
in opposite parallel directions. .

slag - molten or fused solid matter.

sludge - a soft water-formed sedimentary deposit that is mud-like in its
consistency.

slurry - a mixture of insoluble mater in a fluid.

solid waste - As defined by RCRA, the term "solid waste"” means any garbage,

refuse, sludge from a waste treatment plant, water supply treatment plant, or
air pollution control facility and other discarded material, including solid,
liquid, semisolid, or contained gaseous material resulting from industrial,
commercial, mining, and agricultural operations, and from community activities,
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but does not include solid or dissolved material in domestic sewage, or solid
or dissolved materials in irrigation return flows or industrial discharges
which are point sources subject to permits under the Clean Water Act, or
special nuclear or byproduct material as defined by the Atomic Energy Act of
1954.

spray drying process - a flue gas desulfurization system in which a fine spray
of alkaline solution is injected into the flue gas as it passes through a
contact chamber, where the reaction with the sulfur oxides occurs. The heat of
the flue gas evaporates the water in the solution, leaving a dry powder, which
is collected by a particulate collector.

stabilization - making resistant to physical or chemical changes by treatment.

steady state - an adjective that implies that a system is in a stable dynamic
state in which inputs balance outputs.

stoker - see mechanical stoker.

storage - the holding of waste for a temporary period, at the end of which the
hazardous waste is treated, disposed of, or stored elsewhere.

subbituminous coal - An intermediate rank coal between lignite and bituminous
with more carbon and less moisture than lignite.

sump effluent - waste from sumps that collect floor and equipment drains.

surface impoundment - a facility which is a natural topographic depression,
artificial excavation, or diked area formed primarily of earthen materials
(although it may be lined with artificial materials), which is designed to hold
an accumulation of liquid wastes or wastes containing free liquids.

surface water - water that rests on the surface of the rocky crust of the
earth.
traveling grate stoker - a stoker similar to a chain grate stoker except that

the grate is separate from but is supported on and driven by chains.

trace element - An element that appears in a maturally-occurring
concentration of less than 1 percent.

treatment - any method, technique, or process, including neutralization,
designed to change the physical, chemical, or biological character or
composition of a waste so as to neutralize it, recover it, make it safer to
transport, store or dispose of, or amenable for recovery, storage, or volume
reduction.

TSD facility - waste treatment, storage, or disposal facility.
utility boiler - a boiler which produces steam primarily for the production

of electricity in the utility industry.
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volatile - A volatile substance is one which tends to vaporize at a
relatively low temperature.

water-side cleaning waste - waste produced during the removal of scale and
corrosion products from the water side of the boiler (i.e., the piping systems
containing the steam or hot water).

wet bottom furmace - a pulverized fuel fired furnace in which the ash
particles are deposited and retained on the floor thereof and molten ash is

removed by tapping either continuously or intermittently. (also called a slag
tap furnace)

wet scrubber - a device utilizing a liquid, designed to separate particulate
matter or gaseous contaminants from a gas stream by one or more mechanisms such
as absorption, condensation, diffusion, inertial impaction.
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CHAPTER FIVE

POTENTIAL DANGERS TO HUMAN HEALTH AND THE ENVIRONMENT

Under Section 8002(n) of RCRA, EPA is to analyze the "potential danger, if
any, to human health and the environment from the disposal and reuse"” of coal
combustion wastes and "documented cases in which danger to human health or the
environment from surface runoff or leachate has been proved." This chapter
examines potential and documented dangers to human health and the environment
caused by wastes generated from the combustion of coal at electric utility

power plants.

As described in Chapter One, special large volume wastes, including cocal
combustion wastes, are to be treated differently under RCRA than other
industrial wastes. Due to the extremely large volume of coal combustion waste
and the expectation of relatively low risk from its disposal, Congress directed
EPA to evaluate all the factors in 8002(n) of RCRA in determining whether
Subtitle C regulation is warranted. The danger from coal combustion waste
management is only one of the factors EPA must consider. In order to provide a
starting point for evaluating the potential danger from coal combustion waste
management, this chapter begins by providing the reader with background
information on the characteristiecs that an industrial solid waste must exhibit
to be considered hazardous under RCRA, and then looks at which of these
characteristics apply to coal combustion wastes. The next section analyzes
several studies that monitored ground-water and surface-water concentrations in
and around coal combustion waste disposal sites and documented the number of

times that drinking water standards were exceeded. The third section of this
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chapter reviews studies that compiled and evaluated reported incidences of
contamination to ground water and surface water due to the disposal of coal
combustion wastes. Finally, the fourth section analyzes the factors affecting
the exposure of humans, animals, and plants to contaminants from coal
combustion waste by examining environmental setting and population data for a

random sample of 100 coal-fired utility power plants.

5.1 RCRA SUBTITLE C HAZARDOUS WASTE CHARACTERISTICS
AND LISTING CRITERIA

Under RCRA, solid wastes are classified as hazardous if they exhibit
characteristics of ignitibility, corrosivity, reactivity, and/or EP toxicity as

defined by RCRA or if they are listed as hazardous by the Administrator.

. Ignitibility refers to the tendency of a substance to
catch fire. A liquid waste is ignitable if it has a
flash point less than 60°C, as determined by
EPA-specified test protocols. A mnon-liquid waste is
ignitable if, under standard temperature and pressure, It
is capable of causing a persistent, hazardous fire
through friction, absorption of moisture, or spontaneous
chemical change.i

. Corrosivity of waste is determined by measuring the
waste’s pH, the value used to express relative acidity or
alkalinity. A pH value of 7.0 is neutral; substances
with a pH less than 7.0 are acidic, while those with a pH
greater than 7.0 are alkaline. A waste is corrosive, and
therefore hazardous, if it is aqueous and has a pH less
than or equal to 2.0 or greater than or equal to 12.5.2 A
waste is also corrosive if it is liquid and corrodes
steel at a rate greater than 6.35 mm per year. The pH
measurements and the corrosion rate must be determined
using EPA-approved methods . 3

s Reactivity refers to the stability of a substance.
Wastes that are highly reactive and extremely unstable
tend to react violently or explode. A waste is reactive
if it undergoes violent physical change without
detonating, if it reacts viélently with water, if it
forms a potentially explosive or toxic mixture with
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water, or if it is capable of detonating or exploding at
standard temperature and pressure.

. Extraction Procedure (EP) Toxicity is determined from a
laboratory procedure designed to simulate leaching from a
disposal site under actual disposal conditionms.
Concentrations in the effluent from this test are
compared with the Primary Drinking Water Standards (PDWS)
of eight constituent metals to determine whether a waste
is hazardous. A waste is EP toxic if it produces a
leachate using an EPA-approved procedure that has
concegtrations of contaminants that are 100 times the
PDWS.

Wastes are also regulated as hazardous wastes under Subtitle C if the
Administrator lists them in 40 CFR 261.31-261.33. The Administrator may list

wastes using several criteria:

. if they are ignitable, corrosive, reactive, or EP toxic
as described above.

. if they have been found to be fatal to humans in low
doses, or, in the absence of data on human toxicity,
fatal to animals in laboratory tests (these wastes are
designated Acute Hazardous Wastes).

. if they contain any of the toxic constituents listed in-
Appendix VIII of 40 CFR 261, unless the Administrator,
after considering the factors contained in 40 CFR
261.11(a)(3), concludes that "the waste is not capable of
posing a substantial present or potential hazard to human
health or the environment when improperly treated,
stored, transported or disposed of, or otherwise
managed." The factors that the Administrator may
consider include the toxicity of the constituent, the
concentration of the constituent in the waste, the
potential for degradation, the degree of biocaccumulation
to be expected from the constituent, and the quantities
of the waste generated. These wastes are designated
Toxic Wastes.

Determining whether coal combustion wastes show any of the hazardous
characteristics is important in analyzing potential danger to human health and

the environment. In general, most coal combustion wastes, such as ash and FGD

sludge, are not ignitable. Reactivity is also generally not a characteristic
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of concern for coal combustion wastes. The chemical and physical
characteristics of most coal combustion wastes identified in Chapter Three
indicate that these wastes are very stable and will likely not react with other
substances in their disposal area. The remainder of this section will analyze
data on coal combustion wastes to see if these wastes exhibit the

characteristics of corrosivity and/or EP toxicity.
5.1.1 Corrosivity of Coal Combustion Wastes

Under current RCRA regulations, only liquid wastes can be considered
corrosive, Coal combustion ash, therefore, could not by itself be considered

corrosive, even if it generates a corrosive leachate.

For wastes that are aqueous, a waste is corrosive if its pH is less than or
equal to 2.0 or greater than or equal to 12.5. Available data indicate that the
pH values of most waste streams of coal-fired power plants do not fall within
these ranges; in fact, the only wastes that may be classified as-corrosive
according to the above definition are water-side, hydrochloric acid-based
cleaning wastes, which have had measured pH as low as 0.5 (see Exhibit 3-26).

In an EPRI report on low volume wastes (see section 5.1.2) three samples of
hydrochloric acid-based boiler cleaning waste all had pH levels less than 2.
However, these wastes are often neutralized before disposal. Several other
waste streams have pH levels which fall very near the corrosive ranges. Most of
these are also low volume wastes. Boiler blowdown has measured pH as high as
12, with a range of 8.3-12 (see Exhibit 3-20), and coal pile runoff has measured
pH as low as 2.1, with a range of 2.1-6.6 (see Exhibit 3-21). Sludge from

dual-alkali FGD processes using eastern coal is a high volume waste with
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measured pH of approximately 12.1 (see Exhibit 3-17). Chapter Three contains a

complete description of these wastes.

Several studies of coal combustion waste streams surveyed in this chapter
indicate that the alkalinity or acidity of coal combustion wastes, while not
necessarily falling in the RCRA corrosive ranges, may occasionally reach levels
of potential concern. For example, pH readings of waste fluids taken during a
study by Arthur D. Little were as high as 11.4 (see Section 5.2.1). Three case
studies described in Appendix D (a study of 12 Tennessee Valley Authority power
plants, an individual study at the Bull Run Power Plant, and a study of the
Savannah River Project) showed pH readings of waste fluids at 2.0, 3.5, and 2.9,
respectively. Section 5.3.1 describes a documented case in which highly
alkaline coal combustion waste (pH 12.0) caused substantial harm to aquatic life

after it accidentally spilled into Virginia's Clinch River in 1967,

5.1.2 Extraction Procedure (EP) Texicity of Coal Combustion Wastes

Current RCRA regulations (40 CFR 261.24) specify that if a leachate
extracted using an EPA-approved extraction procedure contains any of the metals
shown in Exhibit 5-1 at concentrations equal to or greater than the given limit,
the waste is classified as EP toxic and, unless otherwise exempted, will be
subject to Subtitle C regulation.9 The concentrations shown in Exhibit 5-1 are
100 times the current Primary Drinking Water Standards (PDWS) established by the

Safe Drinking Water Act for those constituents.

Waste extraction tests are used to predict the type and concentration of

constituents that may leach from a waste disposal site under field conditionms,
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Most extraction tests are conducted by mixing or washing a waste sample with a
water-based solution of a specified composition for a specified length of time.
The resulting leachate solution is then separated from the solids and tested for

constituent concentrations.

5.1.2.1 Types of Extraction Procedures

Several different types of waste extraction procedures are described in
detail below. Although under current regulations only the Extraction Procedure
(EP) toxicity test is used to determine whether a waste is EP toxic, EPA has
recently proposed a new procedure, the Toxic Characteristic Leaching Procedure
(TCLP), to replace the EP test (see Federal Register, Volume 51. No. 114, June
13, 1986, p. 21648), Furthermore, in the period since EPA has promulgated the
Extraction Procedure (EP) toxicity test, many people have alleged that the EP
provides an inappropriate measure of leaching under field conditions. For these
reasons, EPA has reviewed the results of other extraction procedure tests as
well as the EP. To the extent that the results of these other procedures on
coal combustion wastes are generally consistent with the EP results, the debate
over whether the EP test is appropriate or not is moot. Three of the extraction
tests described below (EP, TCLP, and ASTM) are batch leaching tests. Batch
tests are conducted by placing a waste sample in a water-based solution for a
specified period of time. The fourth procedure, the column test, passes a
solution through the waste.

. The procedure for the standard EPA extraiﬁion test, the

Extraction Procedure (EP) toxicity test, requires
obtaining a waste sample of at least 100 grams and then
separating the liquids from the solids. The solid
portion is placed in a container along with 16 times its

weight in deionized water, and continually agitated at
20-40°C. Throughout the test, the pH of the batch
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mixture is monitored. If the solution remains above pH
5.0, acetic acid is added to maintain a pH of 5.0. 1If
the solution is less than pH 5.0, no acetic acid is
added. If the pH of the batch solution is not below 5.2
after the initial 24-hour agitation period, the pH is
adjusted to 5.0 + 0.2 at the beginning of each hour
during an additional 4 hour agitation period. After
agitation, the leachate solution is then separated from
the solid portion, and the liquid extracted from the
original waste sample is added to the leachate solution.
These combined liquids are then tested for constituent
concentrations.

. Toxic Characteristic lLeaching Procedure ({ELP). which EPA
has proposed as a replacement for the EP, uses a

different leaching solution depending on the nature of
the waste being tested. For wastes of low alkalinity, a
pH 5.0 acetic acid/sodium acetate buffer is used for
extraction. If the waste is more alkaline, a normal
acetic acid solution is used. Unlike the EP toxicity
test, the TCLP can be used for volatile waste
constituents.

. The American Society for Testing and Materials (ASTM)
developed the ASTM A procedure, which requires 48-hour

agitation of a 1:4 mixture of waste to distilled
deionized water. Another test, ASTM B, involves the
extraction of waste consi%tuents in a buffered acetic
acid solution of pH 4.5. ASTM D, similar to ASTM A,
involves the 48-hour agitation of a 350-gram sample with
1400 milliliters of deionized distilled water, and the
filtering of the aqueous phase, after agitation, with a-
0.45 micron filter.

. Unlike the batch testing methods described above, the
column test is conducted by passing a solution through
the waste. This test process simulates the migration of
leachate and ground water through waste, but still cannot
duplicate field conditions perfectly. Because there is
no standard column test procedure, column tests are
described individually in the studies reviewed in the
next section of this chapter.

The results of various studies (conducted with the above-mentioned
extraction tests) on the leaching of constituents from coal combustion wastes

are discussed below.
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5.1.2.2 Results of Extraction Tests
Tetra Tech Study

In 1983 Tetra Tech conducted a literature review for the Electric Power
Research Institute (EPRI) and reported results from a number of leachate
extraction studies.13 An examination of the results of various leaching tests
(EP toxicity test, ASTM A, and ASTM B) on coal ash and flue gas desulfurization
(FGD) sludge revealed that results differed by waste type and were ultimately
dependent upon the source of the fuel (see Exhibit 5-2) and the mechanies of

combustion. The study results were presented separately for ash and FGD sludge.

Results of the batch leaching tests (EP, ASTM A, and ASTM B) reported in the
studies reviewed by Tetra Tech were presented as averages of the element
concentrations found in numerous runs of one type of extraction test. Ranges of
the concentrations were sometimes presented as well. Depending on the
laboratory that ran the test, EP, ASTM A, and ASTM B batch leaching tests were

run on as few as 3 and as many as 62 samples.

Tetra Tech reviewed 457 EP tests on various types of ash. Results from
these EP tests show a geometric mean concentration for selenium equal to its
PDWS. Geometric mean concentrations for the other 7 metals were below their
respective PDWS. The maximum concentrations were 4 times the PDWS for silver,
29 times for arsenic, 8 times for barium, 140 times for cadmium, 14 times for

chromium, 4 times for mercury, 5 times for lead, and 17 times for selenium.

Tetra Tech also reported results from 202 ASTM A tests on ash. Selenium was
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EXHIBIT 5-2

EFFECT OF GEOGRAPHIC COAIL. SOURCE
ON ELEMENT CONCENTRATION IN ASH

Element Geographic Variation
Arsenic low in western coal ash; difference in

concentration between eastern coal and
midwestern coal ashes indistinguishable

Barium highest in western coal ash
Cadmium most concentrated in midwestern coal ash
Chromium low in western coal ash; difference in

concentration between eastern and
midwestern coal ashes indistinguishable

Mercury highest in eastern coal ash; all
distributions highly skewed toward high
concentrations

Lead highest in midwesterm coal ash

Selenium similar in eastern and midwestern coal

ash; lower in western coal ash

Strontium highest in western ash; lowest in
midwestern ash

Vanadium similar in eastern and midwestern coal
ash; lower in western ceoal ash

Zinc highest in midwestern ash; lowest in
western ash

Source: Tetra Tech, Inc., Physical-Chemical Characteristics of Utility Solid
Wastes, prepared for Electric Power Research Institute, EA-3236,

September 1983.
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the only constituent with a geometric mean concentration greater than the PDWS,
at a level approximately 2 times the PDWS, The maximum concentrations were less
than the PDWS for silver and mercury. For the other elements, the maximum
concentrations from the ASTM-A procedure were 7 times PDWS for arsenic, 4 times
for barium, 1.3 times for cadmium, 10 times for chromium, 5 times for lead, and

48 times for selenium.

Cadmium was the only constituent in fly ash leachate extracted using the EP
for which there was a maximum concentration over 100 times the PDWS (and
therefore above the EP toxicity level). The EP produced a leachate that had a
maximum cadmium concentration 140 times the PDWS. However, the average cadmium
concentration for the 62 EP samples was only half the PDWS. Tetra Tech did not
report the percentage of samples whose cadmium concentration exceeded 100 times
the PDWS. In general, the more acidic or alkaline the leaching solution, the
higher the concentrations of leached constituents. Tetra Tech concluded that
the geometric mean concentrations from the EP and ASTM-A tests were similar,

The results of the EP and ASTM-A tests are presented in Exhibit 5-3.

Tetra Tech also reviewed data from a number of column tests on coal ash.
The test results did not show any concentrations greater than 100 times the PDWS
for any element tested. One test was conducted during a two-year period using a
continuous-flow method to produce leachate from fly ash. 1In another test, fly
ash and bottom ash were packed separately in glass columns, each of which was
leached for 27 days with 200 milliliters per day of either distilled water,
dilute base, or dilute acid. For a third test, fly ash and bottom ash were
packed in water-saturated glass columns. At one-week intervals, the columns

were flushed from below at a moderate rate for two hours. This test was



EXHIBIT 5-3

RESULTS OF TETHRA TECH EXTRACTION TESTS ONF COAL COMBUSTION ASH

EP Test Results ASTM A Test Results
Primary
Drinking Water

Standard Maxtdmum Maximum
Constituent (mg/1) Range Geometric Mean Exceedance Range Geometric Mean Exceedancs
Arsenic .05 <,004- 1.46 mg/l 012 mg/1 29 X PDWS <,0005-0.37 mg/1l .0072 mg/1 7 X PDWS
Barium 1.0 .003- 7.6 mg/l 0.222 mg/1 B X PDWS .0004-3.8 mg/L 0.208 mg/l 4 X PDWS
Cadmium .01 .0001- 1.4 mg/l L0047 mg/l 140 X PDWS .0001-.013 mg/1 .00039 mg/1 1.3 X PDWS
Chromium .05 .001- 0.68 mg/1 .036 mg/l 14 X PDWS .0005-0.5 mg/1 047 mg/l 10 X PDWS
Lead .05 <.0001-0.25 mg/1 .005 mg/1 5 X PDWS <.0001-0.25 mg/1 .0025 mg/1 5 X PDWS
Mercury .oo2 <,0001- .007 mg/l .00042 mg/1 4 X PDWS <.0001-.0012 mg/1 ,00027 mg/l 0.6 X PDWS
Selenium .01 <,0001-0,17 mg/1 .01 mg/L 17 X PDWS .0005-0.48 mg/1 .019 mg/1 48 X FDWS
Silver ,05 <,0001-0.20 mg/1 .00064 mg/l 4 X PDWS <.0001-.03 mg/l .0007 mg/1 0.6 X FDWS
Source: Tetra Tech, Inc., cal-Ch cteris d Wastes, prepared for Electric Power Research Institute,

EA-3236, September 1983,

(A 58



intended to simulate the intermittent wetting to which some ash disposal sites

are subject,

Partly because flue gas desulfurization (FGD) technologies have only
achieved widespread commercial usage in recent years, FGD sludge has not been as
thoroughly characterized as coal ash. However, the Tetra Tech study reported
the results of tests performed on sludges from a number of scrubber processes,
including the lime/limestone/alkaline fly ash process, the dual alkali/sodium
carbonate process (both these processes produce "lime sludge" and are the main
technologies currently in use), and the spray drying process (this process
produces calcium-based dry scrubber sludge and may be used more extensively in

the future).

Results from EP tests on calcium-based dry scrubber sludge showed a maximum
concentration of cadmium that was 150 times the PDWS, above the EP toxic level.
Arsenic and selenium were also analyzed using the EP test; the maximum arsenic
concentration was 32 times the PDWS and the maximum for selenium was 1.8 times
the PDWS. No other constituents were tested for this waste stream. (Results
from the EP studies on calcium-based dry scrubber sludge were not averaged but

reported as ranges - the number of tests performed was not given).

Tetra Tech also presented results of EP tests on lime sludge. These tests
measured concentrations of all EP toxicity constituents, and none were found to

be at EP toxic levels.

Tetra Tech also reported on column tests performed on FGD sludge. In one

column test, calcium-based dry scrubber sludge was leached with deionized water
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for 11 months. In another, various proportions of fly ash, wet calcium sulfate
(i.e., gypsum), calcium sulfite precipitate, and calcium oxide (lime) were
mixed, cured for 500 days, and leached with deionized water that was forced
through the waste columns. The leaching test results (reported in a manner
similar to that for reporting results of coal ash leaching studies) indicated,
on the basis of an unreported number of tests, that PDWS constituents in lime
sludge and calcium-based dry scrubber sludge leached at concentrations that
exceeded their PDWS by multiples of less than 5 for silver, 32 for arsenic, 2
for barium, 30 for chromium, 10 for lead, and 15 for selenium; the concentration
of mercury found in sludge leachate matched its PDWS. No constituents were at

concentrations above 100 times the PDWS.

In summary, none of the coal ash or FGD sludge leaching studies reviewed by
Tetra Tech showed constituent concentrations greater than 100 times the PDWS,
with the exception of cadmium from calcium-based dry scrubber FGD sludge and
from coal ash. Both results were from EP toxicity procedure tests. The
behavior of these wastes primarily depended on the source of the fuel and the
mechanics of combustion. Tetra Tech concluded that there were gaps in the
characterization of these wastes that made definitive conclusions difficult to

reach.
Department of Energy Study
The Department of Energy (DOE) conducted a compilation study of leaching

test results, Analytical Aspects of the Fossil Enerpgy Waste Sampling and

g . X 14 2
Characterization Project, for the purpose of generating a data base on the
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leaching characteristics of coals and their combustion wastes. The EP test was
compared to a water leach test developed by ASTM (this test later became ASTM D)
and evaluated to determine the precision of the EP toxicity method when applied
to coal wastes. In their summary of the collected data, DOE reported that for
six of the analyzed constituents there were no significant differences between
the testing results derived from the two methods. The results of 2492 separate
extraction tests for the eight PDWS constituent metals (arsenic, barium,
cadmium, chromium, lead, mercury, selenium and silver) indicated that none of
the metals leached at concentrations that exceeded the PDWS by 50 times, and
most leached at concentrations less than 10 times the PDWS. This was true for

both the EP test and the ASTM test.
Arthur D. Little Study

EPA sponsored a study by Arthur D. Little, Inc. (see Section 5.2.1) which
included EP Toxicity tests on 20- fly ash samples from 16 power plants and 3 FGD
waste samples from 3 power plants.l5 The names of the plants from which the
samples were taken were not revealed because Arthur D. Little did not comnsider
the single "grab" samples obtained for testing to be representative. The EP
test results showed no EP toxic levels in the extracted leachates of any
samples. Silver and mercury concentrations were below the reported detection
limits of .00l mg/l and .002 mg/l, respectively, for all samples. Lead was
detected in only three out of seventeen samples. Other PDWS constituents
(arsenic, cadmium, chromium, selenium, and barium) were detected, but all were
found at concentrations less than 100 times the PDWS. In contrast to the Tetra
Tech study reported above, leachates extracted from FGD samples had

concentrations of PDWS constituents that tended to be lower than the
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concentrations in leachates extracted from fly ash samples, whereas the Tetra
Tech report indicated that, in general, higher concentrations of PDWS
constituents were leached from FGD sludges than from coal ash. This discrepancy
may be due to variations in the wastes themselves, which, in turn, are due to
differences among coals derived from different sources. Results of the Arthur

D. Little study are presented in Exhibit 5-4.

Battelle Pacific Northwest Study

In another study for the Electric Power Research Institute (EPRI), Battelle
Pacific Northwest reviewed data developed during a round-robin study that
compared results from three laboratories performing both the EP and TCLP
tests.16 Battelle Northwest compared the two extraction procedures by looking
at the ratio of the mean TCLP concentrations to the mean EP concentrations for
each element. These ratios fell within the range of 0.8 to 1.2 about 60 percent
of the time. Only 15 percent of the ratios exceeded 2.0. 1In 83 percent of the
comparisons, the TCLP test leachate contained greater concentrations of the PDWS

17

constituents than the EP test leachate.

Battelle compared the maximum mean concentration of each compound (taken
from the pool of averaged results for each constituent from both EP and TCLP
testing of all the waste samples) with the corresponding PDWS. This comparison
indicated that for both the EP and the TCLP procedures, concentrations of
silver, barium, and mercury were less than the established PDWS for those
metals, whereas the concentration of arsenic was 21 times the PDWS; cadmium, 23

times; chromium, 13 times; lead, 4 times; and selenium, 14 times.



EXHIBIT 5-4

RESULTS OF ARTHUR D. LITTLE TESTING SHOWING THE
RANGE OF CONCENTRATION OF METALS IN EP EXTRACTS a/

(A)
Overall (B) Ratio of Observed

Average Values Range Observed (mg/l) Primary Drinking Range to FDWS (A/B)
Metal Fly Ash FGD Waste Fly Ash FGD Waste Water Standards Fly Ash FGD Waste
Arsenic .08 0.20 0.002-.410 0.002-0.065 .05 mg/1 0.04-8.2 0.04-1.3D
Barium .34 .18 0.1-0.7 ° 0.15-0.23 1.0 mg/1 Bi%=0.7 0,15-0,23
Cadmium .03 .01 0.002-0.193 0.002-0.020 0.01 mg/1 0.2-19.3 0.2-2
Chromium (CrVI) b/ .16 .02 0.008-D.930 .011-0.026 0.05 mg/1 0.16-18.6 o/ 0.22-0.52
Lead .01 .01 0.003-0.036 0.005 0.05 mg/1 0,06 to 0.72 0.1
Mercury <.002 <.002 <0.002 <0.002 0.002 mg/1 <1l <1
Selenium U5 020 .002-0.340 0.00B-0.049 0.01 mg/1 0.2 to 34 0.8-4.9
Silver <,001 <,001 <0.001 <0.001 0.05 mg/1 <0.02 <0.02

a/ Ranges are shown for fly ash and FGD samples; comparisons are made to the Primary Drinking Water Standards.

b/ The Arthur D. Little study tested the concentration of Cr(VI), an ion of chromium,

¢/ Since total chromium values are measured by the graphite furnace atomic sbsorption analysis method, these sre upper limits
for the Cr(VI) values.

Source: Arthur D. Little, Inc., Full-Scale Evaluation of Waste Disposal from Coal-fired Electric Generation Flants, prepared for
the Air and Energy Research Laboratory of the U.S. Environmental Protection Agency, for the Office of Solid Waste,
EPA-600-7-85-028, June 1985.
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University of Alberta Study

The University of Alberta conducted a study for EPRI that involved passing a
water-based solution through a series of columns with increasing ash
concentrations.18 The study results indicate that while some constituent metals
were initially released or mobilized from the wastes using this method, these
same constituents were attenuated in columns further along in the series,

Boron, selenium, and arsenic were initially mobilized, but only boron remained
mobilized to a significant extent, Arsenic and selenium interacted in
successive columns such that the movement of arsenic and selenium through the

system was retarded.

In addition to studying the test leachates, the University of Alberta
researchers studied the fly ash itself to determine the processes that affect
the migration of metal constituents. The study results indicated that some
constit;ents are not uniformly distributed within the fly ash particles. The
fly ash particles typically consist of an interior "glass" matrix covered by a
relatively reactive and soluble exterior coating, The study found that arsenic
and selenium were concentrated almost exclusively in the coating of the fly ash
particles and thus were readily leached; the barium concentration was split
evenly between the interior and exterior of the particles; about 75 percent of
the cadmium and chromium were concentrated in the interior glass matrix; and
almost all the lead was concentrated in the interior glass matrix and was,

therefore, not readily mobilized.

The study attributed the uneven concentration of constituents in the fly ash

particles to the vaporization of relatively volatile constituents during
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combustion, followed by the condensation of these constituents on the exterior
of fly ash particles entrained in the flue gas. However, this study reported
that lead was contained within the interior glass matrix of the fly ash
particles, while the Tetra Tech study discussed earlier reported that lead was
volatile and thus likely to be found on the surface of fly ash particles. Both
studies reported that arsenic and selenium were found on the surface of the fly
ash particles. The University of Alberta concluded that the physical and
chemical characteristics of the fly ash were determined by both the chemical
composition of the coal from which it came and the mechanics of fly ash

formation during combustion.

The difference between the University of Alberta study and the standard
leaching test studies is that the mobility of constituents was observed under a
variety of conditions. A number of waste concentrations could be tested in the
columns to imitate specific field conditions. (Single column extractions also
possess such flexibility, but to a lesser degree.) The University of Alberta
study simulated landfill conditions by allowing the laboratory leachate solution
to continually change as it migrated through multiple waste columns, whereas in
batch extraction tests the laboratory leachate solution is allowed to come into

contact with only one ash sample.

Battelle Chemical Characterization Study

Battelle Pacific Northwest Laboratories recently completed a study for EPRI
on chemical characteristics of fly ash, bottom ash, and FGD Sludge.l9 As part
of this study, Battelle performed a comparison of the EP Toxiecity Test and the

TCLP test. While most of the results of the two procedures were consistent,
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differences were observed with acidic samples. One acidic fly ash EP sample had
both arsenic and chromium above RCRA limits. Another acidic fly ash sample also
exhibited elevated levels of arsenic and chromium, but not at levels exceeding
RCRA limits. The study found, however, that the two samples showed considerably
less leachability for arsenic and chromium with the TCLP, while other elements
tested showed similar results from the two testing procedures. The study
concluded that the difference between the two types of tests resulted from the

acidic character of the samples.
Radian Corporation Study

The Radian Corporation conducted two studies for EPRI that involved testing
various low-volume waste streams. In the first of these studies (published in
May 1985),20 Radian Corporation collected thirty-two samples on eight types of
low volume wastes. These samples were tested using the EP toxicity test as well
as some other testing procedures. The results of the EP toxicity test showed
that the only waste stream Radian tested that exceeded the EP toxicity limits in
the 1985 Radian study was untreated boiler chemical cleaning waste. Exhibit 5-5
presents the results for three samples of untreated boiler cleaning wastes. All
three samples had elevated levels of chromium and cadmium, including exceedances
of EP toxicity limits, and two samples of boiler cleaning wastes had elevated
concentrations of lead, including an exceedance of EP limits. This study also
performed EP tests on boiler cleaning wastes after neutralization in a plant
treatment system. As shown in Exhibit 5-5, the two samples of treated boiler

cleaning waste did not exceed EP toxicity limits for any metals.
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EXHIBIT 5-5
EP TOXICITY ANALYSIS FOR UNTREATED

AND TREATED BOILER CHEMICAL CLEANING WASTES a/
(concentrations in mg/1)

Untreated Boiler Cleaning Waste Type

Maximum
Allowable Ammoniated
EP Toxicity EDTA with Hydrochloric
Metals Limits Inhibitor Oxidizer Acid
Silver 5.0 0,002 b/ 0.002 b/ 0.007
Barium 100.0 0.76 0.67 0.91
Cadmium 1.0 3.0 3.0 0.64
Chromium e ) AT 4.7 20.0
Arsenic 5.0 0.006 0.002 b/ 0.051
Mercury 0.2 0.0002 b/ 0.0002 b/ 0.0042
Lead 5.0 3.6 5.6 0.002 b/
Selenium 1.0 0.002 b/ 0.002 b/ 0,003 b/
Treated Boiler Cleaning Waste Type
Maximum
Allowable HC1+
EP Toxicity Inhibitor, Hydrochloric
Metals Limits Chelant Acid =
Silver 5.0 0.042 0.033
Barium 100.0 0.40 0.25
Cadmium 1.9 0.002 b/ 0.012
Chromium 5.0 0.001 b/ 0.099
Arsenic 5.0 0.002 b/ 0.002 b/
Mercury 0.2 0.0002 b/ 0.0002 b/
Lead 5.0 0.002 b/ 0.002 b/
Selenium 1.0 0.002 b/ 0.002 b/

a/ All underlined values exceed maximum allowable limits under current RCRA
regulations for hazardous wastes.

b/ Values shown are detection limits. Actual values could be less than, but no
greater than, the indicated value.

Source: Electric Power Research Institute, Characterization of Utility
Low-Volume Wastes, Radian Corporation, May 1985.
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In Radian Corporation’s second study of low-volume wastes (published in July
1987),21 they collected additional data on certain low-volume waste streams that
the first study indicated might have high concentrations of metals. As shown in
Exhibit 5-6, eight of twenty-one samples of low-volume liquid wastes from
coal-fired plants were found to exceed EP toxicity limits. For boiler chemical
cleaning wastes, 7 of 10 samples exceeded EP toxicity limits for at least one
constituent. Six of the boiler chemical cleaning waste exceedances were for
chromium and the remaining exceedance was for lead. One wastewater brine sample
out of five tested samples exceeded the EP limits for selenium. There were no

reported EP exceedances for waterside rinses or coal pile runoff.

Radian Corporation also conducted EP Toxicity tests on low-volume waste
sludges. None of the three samples from coal-fired power plants were considered
EP Toxic, including a boiler chemical cleaning waste sludge. For the two
wastewater pond sludges, the study compared the EP.and TCLP testing procedures.
Results of the EP and TCLP tests are shown in Exhibit 5-7. The two extraction

procedures produced nearly identical concentrations of metals in their extracts.

As in their first study, the Radian Corporation also sampled low-volume
wastes that had been treated. This study found significant reduections in
concentrations of chromium, copper, iron, nickel and zinc after hydrochloric

acid boiler cleaning waste was neutralized.

The study also examined the treatment effectiveness of co-disposal of
low-volume wastes with high-volume wastes. Results of EP toxicity tests on
co-disposal mixtures found that co-disposal significantly reduced concentrations

of contaminants in the co-disposed mixture. Results of the EP tests are



EXATBIT 5-6

EP TOXICITY TEST RESULTS FOR LIQUID LOW-VOLIME WASTES

(mg/1)
Boiler
EP Cleaning Waste Waterside Rinses Coal Pile Runoff Wastewater Brines
Toxicity # of # of # of # of
ELEMENT  Limit Tests Range Mean Tests Range Mean Tests Renge Mean  Tests  Range Mean
Arsenic 5.0 10 .002-0.36 0.112 3 0.01-0.018 0.014 3 0.002-0,006 0.003 5 0.019-0.52 0.194
Barium 100.0 10 0.022-2.6 0.629 3 0.005-0.097 0.064 3 0.04-0.078 0.054 5 0.1-0.18 0.134
Cadmium 1.0 10 0.002-0.21 0.181 a 0.002-0.04 0.015 a 0.001-0,004 0.002 5 0.002-0.04 0.019
Chromium 5.0 10 0.02-35 8.467 1/ 3 0.028-0.77 0.303 3 0.005-0.005 0.005 5 0,005-0.31 0,148
Lead 5.0 10 0.008-23 2,603 2/ 3 0.002-0.46 0,181 3 0.002-0D.08 0,032 5 0.002-0.002 0.002
Mercury 0.2 10 .0002-0.00239 0.001 3 0.0002-0.0002 0.0002 3 0.0002-0.0003 O0O.D0O03 -1 0,0002-0,025 0,005
Selenium 1.0 10 .002-,002 0.002 3 0.002-0.002 0.002 3 0.002-0.002 0.002 5 0.002-1.5 0,314 4/
81lver 5.0 10 .001-0.2 0.065 3 0.002-0.02 0,011 3 0.012-0.0023 0,002 5 0.002-0.03 0,013
ph (units) 2<ph<12.5 B 1.01-10.8 5.6 3/ 2 9,3-9.,4 9.35 3 3,1-9.8 6.9 4 4,6-4.9 4.75

1/ 6 of 10 tests exceeded RCRA limits; all underlined values indicate a measurement in excess of the allowable RCRA limits,

of 10 tests exceeded RCRA limits; all underlined values indicate a measurement in excess of the allowable RCRA limits.

2

of B tests were outside RCRA limits; all underlined values indicate a measurement in excess of the allowable RCRA limits.

<

4/ 1 of the 5 tests exceeded RCRA limits; all underlined values indicate a measurement in excess of the allowable RCRA 1limits.

NOTE: Boiler Cleaning Wastes include EDTA, Hydrochloric Acid, Bromate, Citric Acid, and Hydroxyacetic/formic acid..
Waterside Rinses are wastes resulting from washing the boiler and other plant equipment.
Wastewater Brines are produced during treatment of water-based low volume wastes.

Source: Manual for Management of Low-Volume Wastes From Fossil-Fusl-Fired Power Plants, Electric Power Research Institute, prepared

by Radian Corporation, Austin, Texas, July 1987.

£2-¢
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EXHIBIT 5-7

COMPARISON OF EP AND TCLP EXTRACTIONS FOR
LOW-VOLUME SLUDGE DREDGED FROM WASTEWATER PONDS

RCRA # of
ELEMENT Limit Tests
Arsenic 5.0 2
Barium 100.0 2
Cadmium 1.0 2
Chromium 5.{0 2
Lead 5.0 2
Mercury 0.2 2
Selenium 1.0 2
Silver 5.0 2
Source:

(mg/1)
EP Test
Range Mean

0.002-0.015 0.0085
0.045-0.12 0.0825
0.002-0.002 0.002
0.01-0.011 0.0105
0.002-0.006 0.004
,0002-0.0002 0.0002
.003-0.0003 0.003

0.002-0.004 0.003

0

0

TCL

Range Mean
.004-0.016 0.010
.07-0.089  0.080
.002-0.002 0.002
.018-0.023 0.021
.002-0.16  0.081
.0002-0.0002 0.0002
.003-0.03  0.017
.009-0.012 0,011

Manual for Management of Low-Volume Wastes From Fossil-
Fuel-Fired Power Plants, Electric Power Research Institute,

prepared by Radian Corporation, Austin, Texas, July 1987.
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presented in Exhibit 5-8 for co-disposal with fly ash from three geographic

areas,

5.1.2.3 Summary of Extraction Test Results

In conclusion, the results of these studies indicate that coal combustion
utility wastes may leach several elements, including PDWS constituents. While a
variety of extraction procedures were used in these studies, and questions have
been raised about the applicability of certain testing methods to coal
combustion wastes (which are generally disposed on-site in monofills), all of
the extraction procedures used in the studies (EP, TCLP, ASTM, and column)
produced average concentrations of constituents that were below the EP toxic
level for all waste streams except untreated boiler cleaning waste. In the 1987
Radian Corporation study, untreated boiler cleaning wastes had a mean

concentration 169 times the PDWS for chromium using the EP Toxicity test.

For the high-volume waste streams, cadmium, arsenic, and chromium were the
only elements for which a maximum concentration was found that was over 100
times the PDWS. Arsenic and chromium were above EP toxicity limits based on EP
tests for one acidic fly ash sample in the Battelle chemical characterization
study. These were the only exceedances based on 23 samples. Cadmium was found
at a concentration 150 times the PDWS in calcium-based dry scrubber sludge
leachate and at a concentration 140 times the PDWS in some coal ash leachate as
reported in the Tetra Tech study; these leachates were extracted using the EP
test method. For both types of waste, however, the exceedances represented the
maximum concentrations; all averages of cadmium concentration levels were below

100 times the PDWS. 1In fact, the geometric mean of cadmium in coal ash



ELEMENT

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

ELEMENT

Arsenic
Barium
Cadmium
Chromium
Lead
Marcury
Selenium
Silver

RCRA
Limit Fly Ash Waste
5.0 0.006
100.0 0.00&6
1.0 0.02
5.0 0.01
5.0 0,002
0.2 0.0002
1.0 0.028
5.0 0.02
RCRA
Limit Fly Ash Waste
5.0 0.037
100.0 N/&
1.0 0.02
5.0 0.036
5.0 0.002
0.2 0.0002
1.0 0.003
5.0 0.02

EDTA
Waste

.006
76

.0002
.002
.00z

o o o W sl oo
~J

EDTA

HWaste

.006
.76

.0ooz2
.oo2
.002

o o 0o W s Lo o
~

EP TOXICITY TEST RESULTS OF LOW VOLUME

EXHIBIT 5-8

WASTES BEFORE ARD AFTER CO-DISPOSAL*

(mg /L)

Midwestarn Bituminous Coal Fly Ash

EDTA Wast
Co-dispos

With Ash

0.026
0.23
0.02
0.01
0.008
0.0002
0.006
0.02

EDTA Wast
Co-dispos

With Ash

.036
.33
.02
01
002
,0003
.015
.02

o 0o o o o o o o

a
ed Citrate
Waste

0.21
1.6
0.64
3.9
0,002
0.0002
0,003
0.006

Bituminous Coal Fly Ash

a8
ed Citrate
Waste

0.21
1.6
0.64
3.9
0.002
0.0002
0.003
0,006

Citrate Waste
Co-disposed
With Ash

.037
.006
o2
.01
002
.boo2
.002
.02

o O o o o o o o

Citrate Waste
Co-disposed
With Ash

N/A
.006
.02
.15
004
.0002
.082
.02

o O 0 0O 0 O O

General
Wastewater

.003
.2
.008
.11
.002
L0002
.003
.009

o o o o o o+ o

General

Wastewater

0.003
1.2
0.008
0.11
0.002
0.0002
0.003
0.009

Wastewatexr
Co-disposed
With Ash

0.031
0.17
0,02
0.01
0.002
0.0002
0.002
0.02

Wastewater
Co~disposed
With Ash

0.042
0.47
0.085
0.01
D.023
0.0002
0.003
0.02
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ELEMENT

Arsenic
Barium
Cadmium
Chromium
Lead
Marcury
Selenium
Silver

Fly Ash

0.006
0.94
0.02
0.01
0.002
0.0002
0.034
0.02

aste

EDTA
Haste

.006

76

0002
.00z
002

EXHIBIT 5-8 (Contimued)

EP TOXICITY TEST RESULTS OF LOW VOLUME
WASTES BEFORE AND AFTER CODISPOSAL

Western Subbituminous Coal Fly Ash

EDTA Waste
Co-disposed
With Ash

0.08
0.7
0.02
0.01
0.041
0.0002
0.026
0.02

(mg/L)

Citrate
Waste

0.21

Citrate Waste
Co-disposed
With Ash

0.45
0.43
0.02
0.01
0.002
0.0002
0.031
0,02

*All underlined values indicate an exceedance of the current RCRA limit for hazardous wastes.

Source:

prepared by Radian Corporation, Austin, Texas, July 1987.

General
Wastewater

0.003
1.2
0.008
0.11
0.002
0.0002
0.003
0.009

Wastewater
Co-disposed
With Ash

0.005
0.8
0.02
0.01
0.002
0,0002
0.003
0.02

Manual for Management of Low-Volume Wastes From Fossil-Fuel-Fired Power Plants, Electric Power Research Institute,

LZ-S
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leachates in the Tetra Tech study was just under 0.5 of the PDWS.

For the low-volume waste streams, the only exceedance of EP toxicity limits
for wastes other than boiler cleaning waste was one wastewater brine sample that
had selenium at 150 times the PDWS. The mean concentration of selenium in the
wastewater brine samples was below EP toxicity limits. While untreated boiler
cleaning wastes had exceedances of EP toxicity limits for chromium and lead, as
noted above, EP toxicity tests on neutralized boiler cleaning wastes and on
boiler cleaning wastes co-disposed with fly ash showed no exceedances of EP

limits.

5.2 EFFECTIVENESS OF WASTE CONTAINMENT AT UTILITY DISPOSAL SITES

Coal combustion wastes contain trace elements that at certain levels could
pose a potential danger to human health and the enviromnment if they migrate from
the disposal area. The extraction procedure tests described in Section 5.1.2
indicate that these trace elements may leach out of disposed wastes, although
rarely at concentrations greater than 100 times the PDWS, This section of the
report analyzes studies of ground-water and surface-water quality at and around
utility disposal sites to ascertain whether potentially hazardous constituents
that leach out of the waste migrate into surrounding ground water or surface
water. The studies discussed in this section use as a measure of water quality
the concentration of Primary Drinking Water Standards (PDWS) and Secondary
Drinking Water Standards (SDWS) constituents in the water around utility waste
disposal sites. Primary and Secondary Drinking Water Standards were established
in the Safe Drinking Water Act. Primary Drinking Water Standards establish

concentration limits for toxie constituents. Secondary Drinking Water Standards
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are based on aesthetic cﬁaracteristics such as taste, color, and odor. Exhibit
5-9 shows the current PDWS and SDWS. If ground water and surface water
downgradient from waste disposal sites have concentrations of constituents in
excess of PDWS or SDWS, and upgradient concentrations are below the standards or
are lower than the downgradient concentrations, the coal combustion waste could
be one of the sources contributing to ground water or surface water

contamination.

EPA has conducted a number of studies on the quality of ground water in the
immediate vicinity of utility disposal sites. Arthur D, Little performed
extensive ground-water monitoring at six utility disposal sites. In a second
study, Franklin Associates compiled data from state records on ground-water
quality in the wvicinity of 66 utility disposal sites. This section also reviews
and evaluates a study conducted by Envirosphere for USWAG on available data on
ground-water quality at 23 electric utility sites to evaluate whether and to
what extent occurrences of ground-water contamination have resulped from the

disposal of coal combustion wastes.

5.2.1 ADL Study of Waste Disposal at Coal-Fired Power Plants

Arthur D. Little, Inc. (ADL), conducted a three-year study for EPA's Office
of Research and Development to assess the environmental effects and engineering
costs associated with coal ash and flue gas desulfurization waste disposal
practices at six coal-fired power plants.22 Appendix E contains a detailed
discussion of the study, including how the six sampled sites were selected, the
study approach, and results for each site. A summary of the six sites is

presented below:



Source:
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EXHIBIT 5-9

PRIMARY DRINKING WATER STANDARDS

Concentration
Contaminant (mg/1)
Arsenic 0.05
Barium 1.0
Cadmium 0.01
Chromium 0.05
Fluoride 4.0
Lead 0.05
Mercury 0.002
Nitrate (as N) 10.0
Selenium 0.01
Silver 0.05

SECONDARY DRINKING WATER STANDARDS

Contaminant

Chloride -
Colorxr

Copper
Corrosivity
Foaming Agents
Iron
Manganese

QOdor

pH

Sulfate

Total Dissolved Solids
Zinc

40 CFR 141 and 143, September 1, 1986.

Level

250 mg/1

15 color units
1.0 mg/1
Noncorrosive
0.5 mg/1

0.3 mg/1

0.05 mg/1

3 Threshold odor number
6.5 - 8.5

250 mg/1

500 mg/1

5.0 mg/1
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The Allen Plant in North Carolina disposed of a mixture
of fly ash and bottom ash in two unlined disposal ponds,
one closed and one in active use. Intermittent waste
streams, such as boiler wastes and coal pile runoff, were
also disposed in the ponds. While concentrations of
trace elements in downgradient ground water were higher
than upgradient concentrations, exceedances of the
Primary Drinking Water Standards were not found.

Elevated concentrations of arsenic (up to 31 times the
PDWS) were found in fluids within the active ash pond.
Attenuation tests indicated that the arsenic
concentrations would be chemically attenuated by iron and
manganese in the soils beneath and surrounding the site.
Ground-water contamination, particularly from arsenic,
could have resulted if these attenuative soils had not
been present. Secondary Drinking Water Standards were
exceeded in both the upgradient and downgradient ground
water for manganese and in the downgradient ground water
for iron. This was attributed to high concentrations of
these elements present in the soils of the site. .
Steady-state conditions have probably not been achieved
at the Allen site; increases in downgradient ground-water
concentrations of non-attenuated contaminants may be
expected in the future.

The Elrama Plant in western Pennsylvania disposed a
fixated FGD sludge-fly ash mixture, along with small
volumes of bottom ash and sludge from coal pile runoff
treatment ponds, in an abandoned coal-mining area 12
miles from the plant. Part of the landfill is underlain
by acid-producing spoils from the strip mining of coal. -
Cadmium was found in concentrations exceeding the Primary
Drinking Water Standard by as much as 20 times in
downgradient ground water; the highest concentration was
found in the well closest to the landfill. There were no
upgradient exceedances for cadmium. Steady-state
conditions did not appear to have been achieved at the
site, so that effects of leachate from the landfill may
be expected to increase with time. Secondary Drinking
Water Standards (for pH, manganese, sulfate, and iron)
were exceeded at the site in both upgradient and
downgradient ground water. These exceedances probably
occurred because of characteristics of the disposal area
and because ground water was already contaminated from
acid mine drainage. Test results indicated that any
constituent migration from the landfill did not
measurably affect the water quality of the nearby
Youghiogheny River.

Arsenic was repeatedly detected at levels three to five
times the Primary Drinking Water Standard in pond
liquors, but appeared to be attenuated by soils at the
site. This suggests the possibility that similar wastes
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at other sites could leach arsenic at higher levels if
arsenic were not attenuated by surrounding soils or
diluted before reaching drinking water.

The results discussed above indicate that the fixated
FGD/fly ash wastes have been, and will continue to be, a
source of contamination at the site. Because
exceedances for many contaminants were probably due to
concurrent contamination from acid mine drainage,
leachate from coal combustion waste may have only a small
incremental impact on water quality.

The Dave Johnston plant in Wyoming is located in an arid
region with little ground-water recharge. The plant is
the oldest of the six sites, and burns low-sulfur western
coal. There are a number of disposal areas at the site;
the ADL study investigated two unlined fly ash landfills,
one active and one closed. Exceedances of the Primary
Drinking Water Standards for cadmium (up to 3 times the
PDWS) were found in ground water upgradient and
downgradient of the site. Cadmium was found at elevated
concentrations in pond liquors and ground water beneath
the wastes. Exceedances of Secondary Drinking Water
Standards for manganese and sulfate were also observed in
downgradient and upgradient ground water. These two
contaminants and boron were found in elevated
concentrations in ground water beneath the waste and in
pond liquors. No samples were analyzed for the presence
of arsenic in the pond liquors. Chemical attenuation by
soils at the site was found to be low for trace metals
such as arsenic.Interpretations of the sampling results
were difficult to make because other potential
contamination sources exist, such as other waste disposal
areas at the site (the location and ages of which are
uncertain) and contaminants naturally occurring in the
soil, which is highly mineralized around the Johnston
site; and uncertainties with regard to what degree
leachate from the two landfills had reached the
downgradient wells., Contamination from the site could
possibly increase until steady-state concentrations are
reached.

The Sherburne County Plant in central Minnesota disposed
of fly ash and FGD waste in one clay-lined pond and
bottom ash in an adjacent clay-lined pond. Exceedances
of the Primary Drinking Water Standards were observed in
both upgradient and downgradient ground water for cadmium
(up to 2 times the PDWS for both) and for nitrate, and in
downgradient ground water for chromium (up to 1.2 times
the PDWS). Pond liquors were found to exhibit high
concentrations of several constituents, including cadmium
(up to 30 times the PDWS), chromium (up to 16 times the
PDWS), fluoride, nitrate, lead (up to 28 times the PDWS),
and selenium (up to 25 times the PDWS). While the pond
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liquors exhibited high concentrations of contaminants,
leachate from these wastes did not appear to have
migrated into and mixed with ground water to a great
extent. Ground-water samples collected at the site
seemed to indicate that a few constituents (sulfate and
boron) had migrated from the wastes, but not at levels
exceeding SDWS. The clay liner appeared to have
significantly reduced the rate of release of leachate
from the disposal ponds, precluding the development of
elevated trace metal concentrations at downgradient
wells. Over time, downgradient wells will likely show
increased levels of contamination, since steady-state
conditions had not been achieved between leachate from
the landfill and the ground water. Without the clay
liner, the leachate seepage rate would probably have been
much greater. Since the surrounding soils may not
chemically attenuate selenium, this contaminant might
cause PDWS exceedances once steady-state concentrations
in ground water are reached.

The Powerton Plant disposed fly ash, bottom ash, and slag
in an older landfill approximately one mile south of the
site. In a newer portion of the landfill, disposal
operations consisted of disposing intermixed fly ash and
slag. The newer landfill and part of the older one are
underlain by a liner consisting of ash and lime. The
downgradient ground-water wells exhibited levels of
cadmium up to three times the Primary Drinking Water
Standard and, in one sample, lead at four times the PDWS.
An upgradient well, located on the border of the landfill
wastes, exhibited a concentration of cadmium at the level
of the Primary Drinking Water Standard. Secondary ]
Drinking Water Standards for iron, manganese, and sulfate
were exceeded in downgradient wells, and for manganese in
an upgradient well (but at a level of exceedance lower
than the downgradient measurements). These results
indicate that leaching and migration of ash wastes had
occurred at the site, but it was difficult to determine
the effect the leachate had, or will have, on
ground-water quality. Dilution and chemical attenuation
may have prevented the buildup at downgradient locations
of significant concentrations of trace metals such as
arsenic and selenium. The degree to which Lost Creek, a
nearby downgradient stream, was diluting waste
constituents that reach it may be significant.

The Lansing Smith plant in southern Florida disposed a
mixture of fly ash and bottom ash in an unlined disposal
pond located in a coastal area. Concentrations greater
than the Primary Drinking Water Standards were observed
for cadmium (up to five times the PDWS), chromium (up to
four times the PDWS), and fluoride in the downgradient
ground water at the site and, with the possible exception



5-34

of fluoride, appeared to be due largely to the leaching
of the ponded ash wastes. Exceedances of Secondary
Drinking Water Standards for sulfate, chloride,
manganese, and iron were also observed in downgradient
ground water. However, most of these contaminants are
seawater-related and their reported concentrations
appeared to be influenced by the use of seawater in plant
operations and infiltration of estuarine (saline) water
at the site. The leachate generated migrates to a
shallow, unused, tidal aquifer. These results indicate
that ash disposal at this site appears to have had a
measurable impact on ground-water quality. Health risks
at this particular site, however, were probably minimal
since the ground water and surface water were not used as
a source of drinking water.

5.2.1.1 CGround-water Sampling

Exhibits 5-10 and 5-11 summarize the results of the ADL ground-water qualicty
data at the six disposal sites for constituents with established Primary and
Secondary Drinking Water Standards, respectively. As can be seen from Exhibit

5-10:

. One site had no exceedances of PDWS constituents, either
upgradient or downgradient.

. One site had PDWS exceedances for cadmium only, with the
same maximum PDWS exceedance upgradient and downgradient.

» One site had downgradient PDWS exceedances for cadmium,
chromium, and nitrate, but for cadmium and nitrate the
upgradient exceedances were at least as large as the
downgradient exceedances. There were no upgradient
exceedances of chromium; the one downgradient exceedance
was 1.2 times PDWS.

® The three remaining sites had downgradient PDWS
exceedances for cadmium that were more frequent and
larger than upgradient exceedances. The largest
downgradient exceedance for cadmium at any of the six
sites was 20 times the PDWS.

. There were no upgradient chromium exceedances and only
three exceedances out of 94 downgradient observationms.
Two of the downgradient exceedances were 1.2 times the
PDWS and one was 4 times the PDWS. These three
exceedances were at three different sites.
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EXHIBIT 5-10

SUMMARY OF ARTHUR D. LITTLE'S GROUND-WATER
QUALITY DATA ON PRIMARY DRINKING WATER EXCEEDANCES

Units = ppm |Allen site |New Elrama Site |pave Johnston Site |

[ | | I

PDWS | 1/] 17| 17| 7] 17| 1/1

| Downgradient | Upgradient | Downgradient | Upgradient | Downgradient | Upgradient |

| (11 wells) | (1 well) | (5 wells) | (1 well) | 3 wells) | (2 wells) |
------------------ e B e e A
2/ brinking | 3/ 47| 3/ 47| 3/ 4/ 3/ 4/ 3/ 4/ 3/ 4/

Contam. Water |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |
Standard | Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed. |

Arsenic 0.05 | 0/12 | os2 | o2 | os2 | 072 | 073 |
(ligq.) I | | I I | I
Barium 1] o/31 | o0s3 | 0719 | 074 | or9 | 0s6 |
I | I | [ I I

Cadmium 0.01 | 0731 | o/3 | 319 20 | 0/4 | 6/9 3| 3/6 3|
I [ | I I [ I

Chromi um 0.05 | 0/31 | o/3 | 1719 1.2 | 0/4 | o/9 | os6 |
(Cr VD) I [ I I I | I
Fluoride 4.0 | 0/34 | 0/4 | o021 | or4 | os12 | o/8 |
I | | I I | I

Lead 0.05 | 0/31 | 0/3 | 0719 | 0/4 | 0/9 | os6 |
I | | I I | I

Mercury 0.002 | 0/0 | o0s0 | os0 | os0 | o0/0 | os0 |
I I b s I I | |

Nitrate 5/ 45 | 0734 | 0/4 | os20 | 076 | o712 | os8 |
I | I I I | |

Selenium 0.1 | 0/5 | os2 | on | os2 | os2 | o3 |
(lig.) | S I I I I |
Silver 0.05 | 0/31 | o0s3 | 0719 | 074 | 0/9 | os9 |

1/ For specific site descriptions, including lists and maps of wells used for data,

see Appendix E.

2/ Where the reported detection Limit for a contaminant was greater than the drinking
water standard and the sample contained less contaminant than the reported detection
Limit, the sample is tabulated as being below the drinking water standard. For a more
detailed explanation, see Appendix E.

3/ The number of samples with reported concentrations above the drinking water standard (slash)
the total number of samples.

4/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contaminant.

5/ The PDWS for nitrate measured as N is 10 ppm.



Units = ppm

PDWS

2/ bDrinking

Contam. Water
Standard
Arsenic 0.05
(lig.)
Barium 1
Cadmium 0.01
Chromium 0.05
(Cr VvI)
Fluoride 4.0
Lead 0.05
Mercury 0.002
Nitrate 5/ 45
Selenium 0.1
(lig.)
Silver 0.05
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EXHIBIT 5-10 (Continued)

SUMMARY OF ARTHUR D. LITTLE'S GROUND-WATER
QUALITY DATA ON PRIMARY DRINKING WATER EXCEEDANCES

|Sherburne County Site

| |
| Downgradient

| (3 wells)

| 3/ 4/

1/
Upgradient
(2 wells)

3/

|Powerton Station Site

4f |

1]

Downgradient
(3 wells)

3/

&/

|Lansing Smith Steam Plant |

1/]

Upgradient
(1 well)

3/

4|

v
Downgradient
(5 wells)

3/

l
|
|

4/

Upgradient |
(3 wells) |
ey fisgmperesenian Jineeramerrzes |psscsnncsnanss e et l

|Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |

| Total

0s12
2/12
1712 1.2
0/12
0/12
0/0

2/12 141

Exceed.| Total

2/8 2

0/8

0/8

o0/8

0/0

2/8 27

Exceed.| Total

8/9

0/9

0/9

179 4

0/0

0/9

Exceed.| Total

2/4

074

0/4

0/4

0/0

2/4

Exceed.| Total

1.1

0/14
10/14 B
1714 4
5/14  13.5
0/14

0/0

0/0

Exceed.| Total

2/6

0/6

0/6

0/6

0/0

0/0

Exceed. |

1/ For specific site descriptions, including lists and maps of wells used for data,

see Appendix E

2/ where the reported detection limit for a contaminant was greater than the drinking
water standard and the sample contained less contaminant than the reported detection

Limit, the sample is tabulated as being below the drinking water standard.

detailed explanation, see Appendix E.

For a more

3/ The number of samples with reported concentrations above the drinking water standard (slash)
the total number of samples.

4/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contaminant.

5/ The PDWS for nitrate measured as N is 10 ppm.



5-37

EXHTBIT 5-11

SUMMARY OF ARTHUR D. LITTLE'S GROUND-WATER QUALITY
DATA ON SECONDARY DRINKTING WATER EXCEEDANCES

Units = ppm |Allen Site |New Elrama Site |pave Johnston Site
I | I
SDWS | 17| 17| 1/] 171 1/]
| Downgradient | Upgradient | Downgradient | Upgradient | Downgradient | Upgradient
| €11 wells) | (1 well) | (5 wells) | (1 well) | (3 wells) | (2 wells)
------------------ Jroeemssssenaas]ierstransasnn|soanssansatnss]saseesrasnaseus] zonnasmnsncas [tovrnen o]
2/ Drinking | 3/ 4/ 3/ 4/ 37 4] 3/ 4/ 3 4| 3r 411
Contam, Water |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |
Standard | Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.
----------------- e i e et o
Chloride 250 | 0/34 | 076 | os21 | 04 | 0712 | os8
| | I | I I
Copper 1] o3 | 0/3 | 0719 | o074 | 09 | 0s6
| | | I I I
Iron 0.3 | 7/31 82| 0/3 | 019 | 174 1.8 | 0/9 | or6
I [ [ I | |
Manganese 0.05 | 19/31 02 | 1/3 1.4 | 19719 456 | 4/4 197 | 1/9 3.2 | 16 4.6
I | I I I I
Sulfate 250 | 0734 | os3 | 9719 4.7 | 3/4 1.5 | 12/12 5.8 | 4/8 5.1
| | | | I |
Zinc 5| o3 | 0/3 | 0719 | 074 | 0/9 | o6
I I I I I I
pH Lab 5/  <=6.5| 10/10 4.7 5.9 | 0/0 | o0 | o/0 | o/0
I | | I | |
>=8.5| 0/10 | on | 0/0 | 0/0 | o/ | o/0
| I [ | I |
pH Field 5/ <=6.5| 21/28 4.6 | 2/3 6.2 | 9/ 5.2 | 272 4.5 | o9 | 076
I I | I I I
>=8,5| 0/28 | 0/3 | o/14 | 072 | 09 | os6

1/ For specific site descriptions, including lists and maps of the wells used for data,
see Appendix E.

2/ Where the reported detection Limit for a contaminant was greater than the drinking
water standard and the sample contained less contaminant than the reported detection
limit, the sample is tabulated as being below the drinking water standard. For a more
detailed explanation, see Appendix E.

3/ The number of samples With reported concentrations above the drinking water standard (slash)
the total number of samples.

4/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contaminant. The only
exception is for pH, where Max. Exceed. is the actual measurement.

5/ As indicated in footnote 15, the Max. Exceed column for the reported pH measurements
is a tabulation of the actual measurements, not the maximum exceedance divided by
the drinking water standard.
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EXHIBIT 5-11 (Continued)

SUMMARY OF ARTHUR D. LITTLE'S GROUND-WATER QUALITY
DATA ON SECONDARY DRINKING WATER EXCEEDANCES

Units = ppm |sherburne County Site |Powerton Station Site |Lansing Smith Steam Plant |

| [ I I

SDWS | 1) 1/] 1/] 1/] 1/] 171

| Downgradient | Upgradient | Downgradient | Upgradient | Downgradient | Upgradient |

| (3wells) | (2wells) | (3 wells) | 1 well) | (5 wells) | (3 wells) |
------------------ R o S e bt s b e
2/ Drinking | 3/ 4/ 47| 3/ 4/ 47| 4/| 37 o/
Contam. Water |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |
Standard | Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.|
------------------ e e e et el wagi
Chloride 250 | 0/12 | os8 | 0s9 | 0/4 | 16714 22,4 | 0/6 |
I | I I I I I

Copper 1] o0/12 | o8 | o/9 | 0/4 | 0/14 | 0/6 |
| I | I | I I

Iron 0.3 | 0/12 | 18 1.9 | 49 42 | 0/4 | 14714 118 | 6/6 37 |
[ | | I I | |

Manganese  0.05 | 2/12 22| 178 1.4 ] 9/9 19 | 2/4 "N |3/ 7.2 | 26 1.4 |
| I | I | | |

sul fate 250 | 0/12 | os8 | &9 2.7 | 04 | 814  B.4 | 0/6 |
I I I I [ | I

Zinc s | o/s12 | os8 | 0s9 | 0/4 | 0/14 | os6 |
I I I I I | |

pH Lab 5/  <=6.5| 0/0 | o0/0 | ©/0 | o/0 | 476 4 | 172 6.5 |
I I | | I | I

>=8.5| 0/0 | o/ | o/s0 | oz | os6 | 072 |

I | I I | | I

pH Field 5/ <=6.5| 0/8 | oz | 19 6| o0/3 | 10713 2.9 | 4/6 6 |
I [ | | I | I

>=B.5| 0/8 | 0/6 | o0s9 | 0/3 | 0713 | 0/6 |

1/ For specific site descriptions, including lists and maps of the wells used for data,

see Appendix E.

2/ Where the reported detection limit for a contaminant was greater than the drinking
water standard and the sample contained less contaminant than the reported detection

Limit, the sample is tabulated as being below the drinking water standard.
detailed explanation, see Appendix E.

For a more

3/ The number of samples with reported concentrations above the drinking water standard (slash)
the total number of samples.

4/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contaminant.
exception is for pH, where Max. Exceed. is the actual measurement.

The only

5/ As indicated in footnote 15, the Max. Exceed column for the reported pH measurements
is a tabulation of the actual measurements, not the maximum exceedance divided by
the drinking water standard.
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. One site had downgradient PDWS exceedances for fluoride
in 5 of 14 samples. The maximum exceedance was 13.5
times the PDWS. There were no upgradient PDWS
exceedances for fluoride at any of the six sites.

. There were no lead exceedances upgradient and only one
PDWS exceedance out of 94 downgradient observations at &
times the PDWS.

. The contaminants of most concern at the six sites appear
to be cadmium and, to a lesser extent, chromium. For
both of these contaminants, three sites had exceedances
of the PDWS in downgradient ground water at levels higher
than were found in upgradient ground water,

For constituents for which there are Secondary Drinking Water Standards,

exceedances in downgradient ground water generally were higher than levels

observed in upgradient wells. Results are shown in Exhibit 5-11.

5.2.1.2 Surface Water Sampling

Exhibit 5-12 summarizes the results of surface-water quality data obtained
by ADL at background, peripheral, and downstream locations at three of the study
sites -- Elrama, Powerton, and Lansing Smith -- for constituents with
established Primary and Secondary Drinking Water Standards. Examination of

these results for PDWS constituents indicates that:

. At the Lansing Smith site, downgradient and peripheral
surface water samples showed cadmium concentrations up to
5 times the PDWS, chromium concentrations up to 1.2 times
the PDWS, and fluoride concentrations up to 20 times the
PDWS. No upgradient samples were collected at the
Lansing Smith site.

. Exceedances were found for cadmium (up to 2 times the
PDWS) and nitrate (up to 1.2 times the PDWS) in both
upgradient and downgradient surface water at the Powerton
site. The exceedances were similar in upgradient and
downgradient samples both in terms of the proportion of
samples in which exceedances were found and the magnitude
of the exceedances.
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EXHIBIT 5-12

SUMMARY OF ARTHUR D. LITTLE'’S SURFACE-WATER QUALITY DATA
ON PRIMARY AND SECONDARY DRINKING WATER EXCEEDANCES

Units = ppm
POWS
2/ Drinking
Contam. Water
Standard
Arsenic 0.05
tlig.)
Barium 1
Cadmium 0.01
Chromium 0.05
(Cr V1)
Fluoride 4.0
Lead 0.0s
Mercury 0.002
Nitrate 5/ 45
Selenium 0.1
(lig.)
Silver 0,05

|New Elrama Site

| Downgradient
| ¢4 stations)

3/

1|

4/

s
Upgradient
(1 station)

3/

|Powerton Station Site

|
|
|
|

47|

1/
Downgradient
(1 station)

3/

I
|
|

4|

1/
Upgradient
(3 statjons)

4/

|Lansing Smith Steam Plant

17
Downgradient
(6 stations)

3

1/| Downgradient |

Peripheral
{3 stations)

I
I

Saline |
(2 stations) |

|Exceed./ Max. |Exceed./ Wax. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |

| Total

o/7
07
/7
o/7
0/0

o7

0/3

0/3

0/3

0/3

o/0

0/3

Exceed.| Total Exceed.| Total

0/3

2/3

0/3

0/3

0/3

0/0

1/3 1.1

Exceed.| Total

5/8

o0/8

os8

/8

0/0

3T 1.2

Exceed.| Total

/13
10/13

0/13

5/13 6.5
0/13

0/0

0/0

Exceed.| Total

4/8

0/8

2/8

0/8

0/0

0/0

Exceed.| Total

E 7 |
Exceed. |
............... |
0/3 |
|
0/% |
|
5/5 4|
|
1/5 %2 )
|
2/5 20 |
|
/5 |
|
0/0 |
I
0/0 |
|
0/3 |
|

0/%

1/ For specific site descriptions, including Lists and maps of the stations used for data,

see Appendix E.

Peripheral stations are neither upgradient nor downgradient of the site.

These stations are located across the gradient from the site, and may become contaminated
by lateral dispersion of waste constituents.

2/ Where the reported detection limit for a contaminant was greater than the drinking
water standard and the sample contained Less contaminant than the reported detection

Limit, the sample is tabulated as being below the drinking water standard.

detailed explanation, see Appendix E.

For a more

3/ The number of samples with reported concentrations above the drinking water standard (slash)
the total number of samples.

4/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contaminant.

5/ The POWS for nitrate measured as N is 10 ppm.
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EXHIBIT 5-12 (Continued)

SUMMARY OF ARTHUR D. LITTLE'S SURFACE-WATER QUALITY DATA
ON PRIMARY AND SECONDARY DRINKING WATER EXCEEDANCES

Units = ppm |New Elrama Site |Powerton Station Site |Lansing Smith Steam Plant |

| [ | 171

SDWS | 1] 17| 17] 17] 171 1/| Downgradient |

| Downgradient | Upgradient | Downgradient | Upgradient | Downgradient | Peripheral | saline |

| ¢4 stations) | (1 station) | (1 station) | (3 stations) | (6 stations) | (3 stations) | (2 stations) |
------------------ [evmpirsafermussapfiiair it foratmes et ssmsonan opat ik appsaresadion|
2/ Drinking | 3/ &/ 3 4/ 3/ 4/ 37 47 3/ 4/ 3/ &7 3 &)

Contam. Water |Exceed./ Max. |[Exceed./ MNax. |Exceed./ Max. |Exceed./ MWax. |Exceed./ Max. |Exceed./ Max. |Exceed./ Max. |
Standard | Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed.| Total Exceed. |

------------------ e e e L et i e s e el

Chloride 250 | o7 | or3 | os3 | o8 | 13713 11.9 | 5/8 10 | 5/5 58 |
I | | | | | [ |

Copper 1] w7 | o3 | os3 | o8 | o/13 | os8 | o/5 |
I | | | | | | I

Iron 0.3 | o/7 | or3 | os3 | o8 | 11713 370 | /8 3| 05 |
I I | | | | I |

Manganese  0.05 | 7/7 7.4 | 33 4.2 | 273 2.2 | 28 1] 11713 & | 6/8 4.8 05 [
| | | | | | | |

sulfate 30| 07 | o0/3 | o/3 | o8 | 1213 7.5 | 4/8 3.4 | 5/5 9.9 |
| | | | | | | |

Zinc 5| /7 | o073 | o/3 | o8 | o/13 | o/8 | o/5 |
| | | | I I | |

pH Lab 5/  <=6.5| 0/0 | os0 | os0 | o/ | 576 3.3 | 2/3 3.8 0/1 |
| | | | | | | |

>=8.5| 0/0 | os0 | o/ | o/ | os6 | os3 | on |

| | | | | | | [

pH Field 5/ <=6.5| &/7 6.1 273 6| os3 | wa | s/e & | &7 3.4 | 0/5 |
| | | | I | | 1

>=8.5| 0/7 | o3 | 13 8.5 | 278 8.5 | 0/10 | os7 | o/5 |

1/ For specific site descriptions, including lists and maps of the stations used for data,
see Appendix E. Peripheral stations are neither upgradient nor downgradient of the site.
These stations are located across the gradient from the site, and may becom contaminated by
lateral dispersion of waste constjtuents,

2/ Where the reported detection Limit for a contaminant was greater than the drinking
water standard and the sample contained less contaminant than the reported detection
Limit, the sample is tabulated as being below the drinking water standard. For a more
detailed explanation, see Appendix E.

3/ The number of samples with reported concentrations above the drinking water standard (slash)
the total number of samples.

4/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contaminant. The only
exception is for pH, where Max. Exceed. is the actual measurement.

5/ As indicated in footnote 10, the Max. Exceed. colum for reported pH measurements
is & tabulation of the actual measurements, not the maximum exceedance divided by
the drinking water standard.
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. No exceedances of PDWS were found upgradient or
downgradient at the Elrama site, although there had been
downgradient exceedances at Elrama in ground water for
cadmium and chromium.

5.2.1.3 WVaste Fluid Sampling

In addition to ground-water monitoring, waste fluid samples were
collected from the waste ponds at the Allen, Sherburne County, and Lansing
Smith sites, and from dry fly ash landfills at the Dave Johnston site.
Water from within and beneath FGD sludge and fly ash waste mixtures were
collected from the Elrama landfill. No waste fluid samples were obtained

at the Powerton site. Key observations are presented below.

. Arsenic was present in the waste fluids at elevated
concentrations (up to 31 times the Primary Drinking Water
Standard) at two of the five sites sampled. At these
sites (Allen and Elrama), arsenic may be attenuated by
soils at the site; attenuation tests indicate the soils
had a moderate to high attenuation capacity, and no
exceedances for arsenic were observed in ground water at
the sites. The Dave Johnston site was the only disposal
area where soils were found to have low attenuation
capacities for arsenic; however, there are mo data
pertaining to waste fluids at this site, and exceedances
for arsenic in the ground water were not observed. These
results indicate that, depending on the coal source,
arsenic may occur at elevated concentrations in waste
fluids, but can be attenuated by soils within and
surrounding a coal combustion waste disposal site. If
the soils at a disposal site have low attenuation
capacities for arsenic, this element may be of concern
with regard to ground water and surface water
contamination.

. Cadmium is present at elevated concentrations (up to 30
times the Primary Drinking Water Standard) in the waste
fluids at all five sites. At Powerton, although no waste
fluid samples were taken, ground-water samples obtained
from directly beneath the wastes also exhibited elevated
concentrations of cadmium. These results support the
conclusion that elevated concentrations of cadmium
observed in downgradient ground water may be attributable
to coal combustion wastes.
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Chromium is present at elevated concentrations (up to 21
times the Primary Drinking Water Standard) in the waste
fluids at two of the five sites. At these sites, higher
chromium concentrations were found in downgradient ground
water than were found in upgradient ground water. These
observations suggest that ground-water contamination by
chromium at these two study sites may be attributable to
the coal combustion wastes. At a third site at which
downgradient exceedances of chromium in ground water were
observed, waste fluid samples were mixed with ground
water occurring beneath the wastes during collection,
which may account for lower waste fluid concentrations at
this site.

Other constituents that were found at elevated
concentrations within the waste fluids include fluoride
at all five sites (up to 10 times the PDWS); lead at one
of five sites (up to 28 times the PDWS); nitrate at one
of five sites (up to 7 times the PDWS), and selenium at
one of four sites (up to 25 times the PDWS).

Constituents for which Secondary Drinking Water Standards
are established were found at the following elevated
concentrations: chloride at three of five sites (up to
61 times the SDWS); iron at two of five sites (up to 221
times the SDWS); manganese at four of five sites (up to
466 times the SDWS):; and sulfate at four of five sites
(up to 42 times the SDWS). Exceedances of pH standards
were found in the waste fluids at two of three sites
tested. At these two sites, both acidic (as low as pH
5.9) and alkaline (as high as pH 11) conditions were
found to exist. Average pH wvalues measured in these
waste fluids indicated that they were generally alkaline,

Results of waste fluid sampling at the Sherburme County
site showed exceedances of Primary Drinking Water
Standards for cadmium (up to 30 times PDWS); chromium (up
to 16 times the PDWS); fluoride (up to 13 times the
PDWS); lead (up to 28 times the PDWS); nitrates (up to
6.9 times the PDWS); and selenium (up to 25 times the
PDWS). Measurements also showed maximum exceedances of
Secondary Drinking Water Standards for chloride (up to
1.9 times the SDWS); iron (up to 6.1 times the SDWS);
manganese (up to 316 times the SDWS); and sulfate (up to
42 times the SDWS). This was the only site where
disposal areas or ponds were completely lined. The clay
liner appeared to have reduced the release of leachate,
thereby concentrating waste constituents.
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Results from waste fluid studies conducted by other organizations are

described in Appendix D.

5.2.1.4 Summary

Results from the Arthur D. Little study suggest that under the waste
management procedures used by the facilities studied, some coal combustion waste
leachate was migrating into ground water beneath and downgradient from disposal
sites. Five sites had concentrations of cadmium in downgradient ground water
that exceeded the PDWS. Two of these five had maeximum upgradient exceedances at
the same level as the maximum downgradient exceedance, and two of the sites had
upgradient concentrations that were equal to or above the PDWS, although the
maximum concentration was less than the downgradient concentrations. One of the
five sites had upgradient measurements of cadmium that were below the PDWS.
Exceedances of chromium were detected in a few ground-water samples downgradient
of three sites: there were no chromium concentrations above the PDWS in the
upgradient ground water of any site. There were no detected exceedances of
arsenic, barium, mercury, selenium, or silver in the ground water or surface
water at any of the six sites. In total, approximately 5 percent of the

downgradient observations exceeded the PDWS.

5.2.2 Franklin Associates Survey of State Ground-Water Data

EPA commissioned Franklin Associates to gather data from state regulatory
agencies on the quality of ground water at or near coal-fired electric utility
fly ash disposal sites.23 The objective of this survey was to determine the

level of ground-water contamination in the vicinity of disposal sites. However,
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according to the Franklin Associates report: "No attempt was made to determine
what monitoring wells might be up gradient, or what wells might be down
gradient, or even as to whether specific ash disposal sites were in fact

contributing specific pollutants.”

Franklin Associates contacted 44 states in which coal-fired facilities were
located; of these 44 states, 13 provided data. The data base that was developed

included data from more than 4700 well samples taken from 66 sites.

Analysis of these samples revealed 1129 exceedances of the PDWS out of more
than 15,000 observations, as shown in Exhibit 5-13. Ninety-two percent of the
exceedances were less than ten times the PDWS; eight of the exceedances were 100

times greater than the PDWS.

There were 5952 exceedances of the SDWS out of nearly 20,000 observations as
shown in Exhibit 5-14. These secondary standards were exceeded more frequently
than the primary standards, and exceedances were usually greater; For example,
about 77 percent of the SDWS exceedances were less than 10 times the standard
(compared with 92 percent for PDWS exceedances), whereas 4 percent of the
exceedances were greater than 100 times the SDWS (compared with less than one

percent for PDWS exceedances).

Since this study did not compare upgradient and downgradient concentratiomns,
it is not possible to determine whether occurrences of contamination at
particular sites are the result of utility waste disposal practices or

background levels of contaminants.
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EXHIBIT 5-13

SUMMARY OF PDWS EXCEEDANCES IN THE FRANKLIN ASSOCIATES SURVEY

Total

Constituent Observations
Arsenic 1995
Barium 1353
Cadmium 1733
Chromium 1863
Fluoride 995
Lead 1722
Mercury 1282
Nitrate 1432
Selenium 2453
Silver 530
TOTAL 15,358
Source:

Number of Observations

Exceeding PDWS By

1 X 10X
94 0
108 g
126 16
92 5
28 3
243 20
30 8
204 0
196 30
et -]
1129 81

Highest Exceedance

Franklin Associates, Ltd., Summary of Ground-water Contamination
at Coal Combustion Waste Disposal Sites, prepared for the U.S.

Environmental Protection Agency, March 1984.

100 X (X _PDWS)
0 9.8
0 44,0
1 531.0
0 50.2
0 19.3
1 182.0
5 500.0
0 7.3
1 100.0
0 8.0
8

Cases
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EXHIBIT 5-14

SUMMARY OF SDWS EXCEEDANCES IN THE FRANKLIN ASSOCIATES SURVEY

Number of Observations

Total eed DW. Highest Exceedance
Constituent Observations 11X A0 X 00X (X ODWSY
Chloride 2921 109 14 0 42.0
Copper 650 1 0 0 2
Iron 3140 1942 862 149 4,000.0
Manganese 1673 1050 467 80 2,400.0
PH 4107 843 . 3 -
Sulfate 4378 1059 13 0 23.2
TDS 1925 920 24 0 28.7
Zinc ' 1175 28 4 | 46.0
TOTAL 19,969 5952 1384 229
Source: Franklin Associates, Ltd., of G -water Cont ation Cases
at Coal Combustion Waste Disposal Sites, prepared for the U.S.

Environmental Protection Agency, March 1984,
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5.2.3 Envirosphere Ground-Water Survey

In response to the temporary exemption of utility wastes from regulation
under Subtitle C of RCRA, the Utility Solid Waste Activities Group (USWAG)
commissioned Envirosphere, Inc., to review information available from electric
utilities on the quality of ground water at utility waste disposal sites.24
Envirosphere solicited information from 98 utilities on the number and type of
constituents they monitored, the frequency with which measurements were taken,
and the period of time for which they had collected ground-water monitoring
data. Ninety-six of the contacted utilities responded to the request for
information. From these 96 utilities, Envirospheré selected for further study
those that appeared to have adequate data on ground-water quality. These
utilities were contacted and asked to provide their available data for use in
Envirosphere’s study. The participating utilities (the exact number of
utilities was not provided) forwarded the requested information to Envirosphere
on the 28 disposal facilities they operated. The utilities chosg to withdraw

three of the 28 disposal sites from the study subsequent to the analysis of the

data, leaving 25 disposal sites in the data pool.

In order to analyze the data, Envirosphere paired the measurements taken at
upgradient and downgradient wells at approximately the same time and in the same
aquifer.25 These data were then compared to the applicable drinking water
standards to determine whether the standards had been exceeded. Two disposal
sites were then eliminated from further consideration because no upgradient
wells could be identified. The remaining 23 disposal sites produced a total of

9,528 paired measurements of upgradient and downgradient ground-water

concentrations.
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Exhibit 5-15 summarizes the information from the Envirosphere data base for
those cases where the Primary Drinking Water Standards (PDWS) were exceeded by
the downgradient measurement. The most obvious indication that a waste facility
is contributing to a PDWS exceedance is a measurement indicating downgradient
values higher than the PDWS and upgradient values lower than the PDWS.

According to Envirosphere’s report, about 1.7 percent of the data fell into this
category.26 For those cases in which both the upgradient and downgradient
values were exceeded, Envirosphere argued that it was difficult to attribute the
exceedances to the disposal facility without further site-specific analysis.
About 5 percent of the measurements fell into this category, with 60 percent of
these indicating upgradient values equal to or greater than the downgradient

values.

Maximum concentrations of several substances significantly exceeded the PDWS
in downgradient wells: arsenic, 560 times the PDWS; lead, 480 times the PDWS;
mercury, 235 times the PDWS, and selenium, 100 times the PDWS. These values
must be compared to the maximum upgradient reading since some of the
contamination may be unrelated to the disposal facility. As shown in Exhibit
5-15, the downgradient concentration was sometimes higher than the upgradient
value even when the upgradient value exceeded the PDWS. However, exceedances of
the magnitudes shown in Exhibit 5-15 comprised a small fraction of the total

measurements in the Envirosphere data base.

The Envirosphere data also included information regarding exceedances of the
Secondary Drinking Water Standards (SDWS). A summary of these data is shown in

Exhibit 5-16. The data indicate that in 8.2 percent of the cases the
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EXHIBIT 5-15

SUMMARY OF PDWS EXCEEDANCES IN ENVIROSPHERE'S GROUND-WATER DATA

Downgradient Observations a/

— Exceeding PDWS Whenm:; Maximum
Upgradient Does Downgradient
Total Not Exceed Upgradient Exceeds Observation

Constituent Observations  Number 5 Number % (X PDWS) b
Arsenic 588 7 1 0 0 560 (192)
Barium 298 0 0 0 0 1 (3)
Cadmium 571 59 10 9 2 6 (L)
Chromium 658 20 3 10 2 20 (76)
Lead 639 29 5 67 10 480 (220)
Mercury 575 8 1 2 c/ 235 (9
Selenium 489 5 1 34 7 100 (1007
Silver _ 261 45 _0 =10 _0 : ) (0.2
TOTAL 4079 128 34 122 3d/

a/ Envirosphere classified measurements by comparing downgradient values with
upgradient values. When the: downgradient value exceeded the PDWS, classi-
fication depended on whether the upgradient value also exceeded the PDWS,
Both categories of measurements are shown here, although Envirosphere
focused primarily on pairs of measurements in which the downgradient value
exceaded the PDWS but the upgradient wvalue did not. '

b/ Maximum downgradient value observed in the Envirosphere data base. The
corresponding paired upgradient concentrations are not available. The
maximum upgradient value of all measurements at the same facility is shown
in parentheses.

c/ Less than 0.5 percent.

S

These percentages apply to the total number of observations. Envirosphere
"normalized" the data to correct for sites that had a high proportion of
data points so that one site would not be overly represented; these
normalized values are noted in the text of the report.

Source: Envirosphere Company, "Report on the Ground-water Data Base
Assembled by the Utility Solid Waste Activities Group," in USWAG,
ort and Tec al Studies on the osa Utilization of

Fossil-Fuel Combustion By-Products, October 26, 1982, Appendix C.
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EXHIBIT 5-16

SUMMARY OF SDWS EXCEEDANCES IN ENVIROSPHERE'S GROUND-WATER DATA

Downgradient Observations a/

Exceeding SDWS When: Maximum
Upgradient Does Downgradient
Total Not Exceed Upgradient Exceeds Observation

Constituent Observations Number _%  Number % (X _SDWS) b/
Chloride 502 4 2 & 7 1 22 £5)
Copper 452 9 2 0 0 2 (0.02)
Iron 964 60 6 376 39 3458 (2)
Manganese 487 157 32 143 29 474 (5)
Sulfate 1028 289 28 57 6 32 (8)
Total Dissolved

Solids 908 159 18 292 32 31 (2)
Zinc 387 =F . i ! = I3 1 (0.1)
TOTAL 4728 681 14 ¢/ 875 19 ¢/
a/ Envirosphere classified measurements by comparing downgradient values with

upgradient values. When the downgradient value exceeded the SDWS,
classification depended on whether the upgradient value also exceeded the
SDWS. Both categories of measurements are shown here, although Envirosphere
focused primarily on pairs of measurements in which the downgradient value
exceeded the SDWS but the upgradient value did not. '

Maximum downgradient value observed in the Envirosphere data base. The
corresponding (paired) upgradient concentrations are not available. The
maximum upgradient value of all measurements at the same facility is shown
in parentheses.

These percentages apply to the total number of observations. Envirosphere
"normalized" the data to correct for sites that had a high proportion of
data points so that one site would not be overly represented; these
normalized values are noted in the text of the report.

Source: Envirosphere Company, "Report on the Ground-water Data Base Assembled

by the Utility Solid Waste Activities Group," in USWAG, Report and
Technical udies on the Dispo and U zation of Fos -Fuel

Combustion By-Products, October 26, 1982, Appendix C.
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downgradient value exceeded the SDWS while the upgradient value did not. 1In
some cases the exceedances were substantially greater than the SDWS; e.g., the
maximum observation for iron was 3458 times greater than the SDWS and manganese

was 474 times greater.

In summary, the Envirosphere ground-water data show that Primary and
Secondary Drinking Water Standards were exceeded in ground water downgradient
from utility waste disposal facilities. However, the percentage of cases in
which constituent concentrations in downgradient wells exceeded the standards
when those in upgradient wells did not was small. There are limitations in the
data, due in part to the way in which they were collected (e.g., only data from
those utilities that voluntarily submitted data are included in the report).
There is also a limited amount of information regarding the extent to which
site-specific factors, such as environmental setting characteristics or other
possible sources of contamination, could have had an effect on ground-water

contamination.

5.2.4 Summary

The studies described in this section demonstrate that downgradient
ground-water and surface-water concentrations exceeded the PDWS and SDWS for a
few constituents. In some of these downgradient exceedances, corresponding
upgradient exceedances also occurred, suggesting that the contamination was not
necessarily caused by the waste disposal sites. For cases in which the
downgradient ground water had constituent concentrations higher than the
corresponding upgradient concentrations, the PDWS exceeded most often were those

for cadmium, chromium, lead, and to a lesser extent, arsenic.
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Some PDWS exceedances were quite high, e.g., up to 560 times for arsenic and
480 times for lead (see Exhibit 5-15). However, the frequency of PDWS
exceedances for downgradient ground water and surface water is rather low. For
example, 3.7 percent of the Envirosphere data had downgradient ground-water
concentrations of PDWS higher than those measured in upgradient wells, Three of
the six Arthur D. Little sites had downgradient ground water with concentrations
of constituents that were both above the PDWS and above corresponding upgradient
concentrations. Although the Arthur D. Little pond liquor data show high
concentrations of PDWS and SDWS comstituents, in most cases the constituents
appeared to be contained within the disposal area or attenuated in the
surrounding soils. This is particularly true for the case of arsenic, which was
detected in the waste fluids at a level 31 times the PDWS, but was not found at
elevated levels in ground water or surface water. There were no exceedances of
arsenic, barium, mercury, selenium, or silver in downgradient ground water at
any of the six Arthur D. Little sites. The Envirosphere study detected no

exceedances of barium or silver. -

5.3 EVIDENCE OF DAMAGE

This section examines documented cases in which danger to human health or
the environment from surface runoff or leachate from the disposal of coal
combustion wastes has been proved. The first part of this section reviews two
major studies conducted for the Utility Solid Waste Activities Group (USWAG): a
1979 Envirosphere, Inc., study and a 1982 Dames and Moore study. To supplement
these two major studies, in 1987 EPA conducted a literature review of all
readily-available sources, which revealed only two additional case studies on

proven damages occurring in 1980 and 1981. The Agency has not identified any
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proven damage cases in the last seven years; however, no attempt was made to
compile a complete census of current damage cases by conducting extensive field

studies.

As with all damage cases, it is not always clear whether damages could occur
under current management practices or whether they are attributable to practices
no longer used. As described in Chapter Four, there has been an increased
tendency in recent years for utilities to utilize mitigative technologies,
including a shift to greater use of landfills rather than surface impoundments

and an increased use of liners.

5.3.1 Envirosphere Case Study Analysis

The Utility Solid Waste Activities Group (USWAG) and the Edison Electric
Institute (EEI) commissioned the Envirosphere Company in 1979 to investigate and
document available information on the nature and extent of the impact of utility
solid waste disposal on public health, welfare, and the environmenc.Z? To
conduct this analysis, Envirosphere reviewed various reports, including EPA's
damage incident files, environmental monitoring studies at utility disposal
sites, and other research and studies as available; they contacted state

regulatory agencies to determine what information was available in state files.

From its review of the available data, Envirosphere found few documented
cases where utility solid waste disposal had potentially adverse environmental
effects. They identified nine cases from EPA’'s damage incident files that
appeared to show damage to the environment. Envirosphere reviewed data from

environmental monitoring studies at the utility disposal sites and other
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available research, and noted that the information available on the potential
impacts of utility waste disposal was inconclusive. Some data indicated " ..
that elevated levels of some chemical parameters have occurred at locations
downgradient of some utility solid waste disposal sites." Envirosphere
concluded, however, that it was not clear to what extent these impacts could be

attributed to utility solid waste disposal practices.

Some of the specific cases from Envirosphere's sources are summarized below:

. Texas., 1977. A clay liner was improperly installed in a
14.3 acre disposal pond for metal cleaning solutioms.
The liner dried and cracked before wastes were introduced
into the facility. After the pond was put in service,
ground-water monitoring wells detected contaminant
migration. Levels of selenium and chromium occasionally
exceeded the PDWS for these elements, and several SDWS
were exceeded. The pond was taken out of service, the
liner was saturated with water, and the pond was put back
into operation.

s Indiana, 1977. Envirosphere found that leaching from two
large, unlined ash disposal ponds was contributing to
ground-water contamination. Arsenic and lead were found
in downgradient ground water at concentrations about two
times the PDWS, while concentrations of selenium were
about four times the PDWS.

. Pennsylvania, 1975. A private waste handler illegally
disposed fly ash in a marsh located in a tidal wetland
area. Visual inspections by the state indicated marsh
contamination due to fly ash leachate. When ordered to
stop the dumping and clean up the site, the handler
declared bankruptcy, and the ash remained in the marsh.
Detailed analysis of any potential impacts has not been
conducted.

. Connecticut, 1971. A municipal landfill, which was
located in a marsh, accepted many substances, including
large quantities of fly ash. Surveys revealed numerous
SDWS contaminants, some of which appeared to be related
to the ash. The site, considered unsuitable for disposal
of solid waste, was closed and turned into a state park.

. Virginia, 1967. A dike surrounding a fly ash settling
lagoon collapsed, and 130 million gallons of caustic
solution (pH 12.0) were released into the Clinch River.
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Large numbers of fish were killed over a distance
extending 90 miles from the spill site. Surveys
conducted 10 days after the spill showed dramatic
reductions in bottom dwelling fish food organisms for 77
miles below the release site. Virtually all such
organisms were eliminated for a distance of 3 to 4 miles.
The waste was eventually diluted, dispersed, and
neutralized by natural physical/chemical processes. Two
years after the spill, however, the river had not fully
recovered.

5.3.2 Dames & Moore Study of Envirommental Impacts

Dames & Moore, in a study for USWAG, conducted a survey of existing data and
literature to document instances in which danger to human health and the
environment was found to have occurred because of the disposal of coal
combustion wastes.28 Dames & Moore established criteria by which to evaluate
whether a given record of a contamination incident could be considered
"documented” evidence proving danger to health or the enviromment: 1) the
report must exist in the public record; 2) the case must involve high-volume
(utility) wastes; 3) information.must exist to permit determination of possible
health or environmental risks; and 4) the possible risks may have been caused by

leachate migration or runoff from utility disposal sites.

The danger to health and the environment was examined by accounting for the
types, concentrations, and locations of constituents shown to be present that
could have harmful effects. In addition, Dames & Moore considered both the
potential for public access to utility waste constituents and any observed
effects on the population or environment. The three major data sources
providing information reviewed in this study were computer data bases used to

search for publicly available references; Federal Government agencies such as
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EPA, U.S. Geological Survey, and the Tennessee Valley Authority; and 12 state

environmental, natural resource, health or geological agencies.

Using information from these sources, Dames & Moore identified seven cases
that presented a potential danger to human health and the environment. Six of
the seven cases involved potential impacts from ground water and one case
involved surface water. Dames & Moore concluded that none of these cases
represented a "documented" case of such danger. However, Dames & Moore
eliminated several sites from the documented category because they believed
sufficient data from the sites were unavailable or did not meet the selection
criteria described above. Dames & Moore evaluated in detail the seven sites at
which there existed a potential for adverse environmental and health effects.

Their findings are summarized below.

. Chisman Creek Disposal Site., York County, Virginia. The
Chisman Creek disposal area was an inactive site with

four separate fly ash disposal pits on both sides of
Chisman Creek. An electric utility hired a private
contractor to transport and dispose of fly ash and bottom
ash from petroleum coke (a residual product of the oil
distillation process) and coal combustion. The site was
active from the late 1950's to 1974. 1In 1980, nearby
residential drinking water wells became green from
contamination of vanadium and selenium and could no
longer be used. The site is currently on the CERCLA
(Superfund) National Priorities List. A minimum of 38
domestic wells and 7 monitoring wells near the four
disposal sites were sampled over time. Two off-site
domestic wells located 200 feet from the disposal area
had elevated concentrations of vanadium, selenium, and
sulfate. One of these two wells was sampled four times.
Three of the four measurements exceeded the PDWS for
selenium up to 2 times. Another domestic well contained
0.11 mg/1 of vanadium. (EPA has not established
concentration limits for vanadium.) At both wells,
sulfate concentrations exceeded the SDWS. In addition,
samples from six of the seven monitoring wells exhibited
increased concentrations of sulfates. The highest
concentrations of selenium and vanadium that were
observed in monitoring well samples were 0.03 (3 times
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the PDWS) and 30 mg/l, respectively. The high
concentrations of selenium and vanadium were noticed in
monitoring wells that were drilled directly through the
disposal pits.

The Virginia State Water Control Board (SWCB) conducted
the initial study at this site. The SWCB concluded that
the quality of ground water immediately beneath and down-
gradient from the site had been affected. Moreover, the
SWCB stated that the water in the two domestic wells had
elevated concentrations of selenium and vanadium because
of the disposal of the fly ash. Dames & Moore was
critical of the conclusions reached by the SWCB because
of what they termed "significant data gaps." Dames &
Moore cited a lack of background water quality
information and a general lack of information on the well
installation, sample collection procedures, and other
possible sources of contamination, such as the York
County landfill which is adjacent to one of the ash
disposal areas. The two contaminated off-site domestic
wells identified by the SWCB, however, were over 2,000
feet from the county landfill but within a couple of
hundred feet from the ash disposal areas. Additionally,
monitoring wells located between the landfill and the
affected domestic wells did not register the same
elevated concentrations of selenium. Residents in the
area no longer rely on ground water for their drinking
water.

Pierce Site, Walli ord., Connecticut. Coal fly ash had
been deposited at the Pierce Site since 1953. In 1978,
the United States Geological Survey (U.5.G.S.) collected
ground-water quality data from three on-site wells - one
upgradient and two downgradient. The U.S§.G.S. took
samples from the wells on three days over a period of two
months. One sample from one downgradient well showed a
concentration of chromium that exceeded the PDWS by a
multiple of 1.6. Concentrations of cadmium, manganese,
zinc, and sulfate were higher in the downgradient wells
than in the upgradient well.

According to Dames & Moore, there were not enough data at
this site to state conclusively whether or not the ground
water had been adversely affected by the fly ash pit. To
determine potential damage to ground water quality, Dames
& Moore stated that EPA recommends a minimum of three
downgradient wells and one upgradient well. In this
case, there were only two downgradient wells. Three
samples over a period of two months were not considered
sufficient because naturally occurring temporal changes
in the area were believed to render comparisons invalid.

The Pierce disposal site is situated on a deposit of
thick, stratified sediments composed of particles that
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range in size from clay to coarse sand. The disposal
site is located within a few hundred feet of the
Quinnipiac River, and the ground water flows from the
site to the river, which diluted contaminants in the
ground water., Although there are residences within a few
blocks of the power plant, they do not use local ground
water for drinking supplies.

Michigan City Site, Michigan City, Indiana. The Michigan
City site, situated on the shore of Lake Michigan,

contained two fly ash disposal ponds. Ground-water flow
at the site was towards Lake Michigan, facilitated by the
porous sand that underlies the site. Twenty-one
monitoring wells were installed at this site. Two of
these were placed upgradient from the site outside the
site boundaries; the remaining 19 wells were established
within the boundaries of the facility and downgradient
from the disposal areas.

Monitoring of the wells (which took place periodically
over a one-year period) indicated that trace metals
migrated from the disposal sites and that certain
constituents had elevated ground-water concentrations.
Arsenic and lead were observed in concentrations that
exceeded their PDWS. Seven samples collected from three
downgradient monitoring wells had arsenic concentrations
that exceeded the standard -- up to 100 times the PDWS.
All of the samples taken from the upgradient off-site
monitoring wells contained arsenic at concentrations
below the PDWS. Five of the downgradient monitoring
wells contained lead concentrations which exceeded the
PDWS, with the highest exceedance 7 times the PDWS.
Three samples from the two upgradient monitoring wells
also had lead concentrations in excess of the standard,
with the highest exceedance 3 times the PDWS.

Dames & Moore concluded that effects on ground water
appeared to be limited to areas within the facility
boundaries because of attenuation mechanisms operative at
the site -- absorption, dilution, precipitation, and a
steel slurry wall installed between the disposal site and
Lake Michigan. However, no downgradient monitoring wells
were situated off-site. Based on the locations of the
waste disposal sites and the monitoring wells, it appears
that the ash ponds are responsible for arsenic concen-
tration above the PDWS in the ground water within the
site boundaries. Because high lead concentrations were
observed in some of the upgradient background wells, it
is impossible to state with certainty that the high lead
concentrations in the ground water are attributable to
the disposal sites. Dames and Moore noted that nearby
residents do not use the ground water for their water

supply.
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v Site, Dune Acres. Indiana. The Bailly site is
located near the Indiana National Lakeshore on Lake
Michigan in a highly industrialized area. Fly ash at
this site has been slurried to interim settling ponds,
which are periodically drained. The drained ash is then
disposed in an on-site pit. Two aquifer units,
designated Unit 1 and Unit 3, underlie the site, Unit 1
contains fine-to-medium sand and some gravel, while Unit
3 is composed of sand with overlying layers of varying
amounts of sand, clay and gravel.

Ground-water samples from Unit 1 were collected from an
upgradient well and from several wells downgradient from the
ash settling ponds. Samples from Unit 3 were collected
upgradient and from one well downgradient from the ash ponds.
These wells were sampled at five-week intervals between
September 1976 and May 1978.

In samples from Unit 1, arsenic, cadmium, fluoride, and
lead occasionally exceeded the PDWS. Upgradient
concentrations of arsenic never exceeded the PDWS,
whereas the maximum downgradient concentration for
arsenic was 4.6 times the PDWS. Downgradient on-site
concentrations of cadmium exceeded the PDWS at one well
by 25 times, while the maximum upgradient concentration
of cadmium exceeded the PDWS by 22 times. One
downgradient well measurement indicated lead
concentrations that exceeded PDWS by 1.26 times.

All of the above-mentioned exceedances were observed in
Unit 1. None of the samples from Unit 3 contained
constituents at concentrations that exceeded the PDWS.

Aluminum, boron, iron, manganese, molybdenum, nickel,
strontium, and zinc all increased in concentration
downgradient from the disposal areas, though not in
levels exceeding the SDWS.

Leachate from the ash disposal ponds is the most probable
contributor to the increased concentrations of arsenic
and lead observed in the aquifer samples taken from the
on-site wells. Cadmium was the only constituent whose
downgradient off-site concentration was observed to
exceed the PDWS. However, because elevated cadmium
concentrations were also found in samples taken from the
background well, the elevated concentrations of cadmium
may not have been caused by the leachate from the coal
ash. Dames and Moore noted that ground water at this
site flows away from the nearest residential area.

Zullinger Quarry Fly Ash Disposal Site, Franklin County,
Pennsylvania. The Zullinger quarry was situated in a
limestone formation in south-central Pemnsylvania. The
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quarry was excavated to 40 feet below the water table.
Fly ash was deposited in the quarry from 1973 to 1980
with no attempt to dewater the quarry prior to placement
of the fly ash.

The site operator, consultants, and the Pennsylvania
Department of Environmental Resources (DER) have been
independently involved in water quality investigations at
the site. Initially, six monitoring wells were
established onsite. Later, several existing off-site
domestic wells were added to the sampling program. Two
of the monitoring wells were installed upgradient to
provide background constituent concentrations. The other
monitoring wells, and the domestic wells in the sampling
program, were downgradient from the fly ash deposited in
the quarry.

Lead was found to exceed its PDWS by up to eight times in
eight out of over 100 samples. Six of these eight
exceedances occurred in two on-site monitoring wells,
while the seventh (2.6 times PDWS) was found in an
off-site domestic well. Another exceedance (1.5 times
PDWS) was found in the background well.

Several constituents for which there are secondary
drinking water standards were found in elevated
concentrations downgradient from the ash disposal site.
Sulfate concentrations increased dramatically during the
first few years of quarry filling, then began to sharply
decline in 1976 when the fly ash had filled the quarry.
From 1976 until deactivation of the disposal site in
1980, the fly ash was deposited above the water table.
Zinc and iron were also found in elevated concentrations.
Elevated levels of sulfate, zinec, and iron are probably
attributable to leachate from the fly ash, as are the
lead levels in excess of the PDWS. Most of the trace
metals appear to be attenuated onsite by the limestone
formation.

Conesville Site, Conesville, Ohio. Various types of coal
combustion waste had been deposited at the Conesville
site in central Ohio. The monitoring program at the
Conesville site was established to determine the ability
of an FGD sludge fixation process (Poz-0-Tec, a seolid
material produced by mixing FGD sludge with fly ash and
lime) to stabilize and thus immobilize potential
contaminants. The stabilized FGD sludge has been
deposited next to a fly ash pond. Permeable sand and
gravel underlie the Muskingum River flood plain on which
the Conesville site is located.

A total of 34 monitoring wells were installed at the
Conesville site. Two of the wells were situated
upgradient from the disposal area to provide the
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necessary background water quality data. Two sets of
water quality data were taken, the first between February
27 and April 12, 1979, and the second between December 4,
1979, and July 10, 1980.

Some samples from the first set of data contained
constituents at concentrations that exceeded the PDWS.
Lead concentrations exceeded the PDWS in two on-site
wells by up to 3 times and three off-site wells by up to
2 times. The concentration of mercury found in one
sample from an on-site well exceeded the PDWS by 1.4
times: however, this exceedance could not be attributed
to the fly ash. One of the fourteen background
measurements had the highest observed concentration of
selenium, 6 times the PDWS. Thus, selenium appears to be
leaching from indigenous sediments rather than from the
FGD waste and fly ash deposited at the site. The first
set of data also showed the SDWS constituents of calcium,
magnesium, total dissolved solids, sulfate, and ironm, had
increased in those wells located on the site property and
just across the property boundaries.

Measurements taken between December 1979 and July 1980
showed increases in calcium, magnesium, total dissolved
solids, and sulfate relative to those measurements taken
in the first data collection period. Concentrations'in
excess of the PDWS were found for selenium (several
wells), arsenic (one sample), cadmium (four samples), and
chromium (five samples). Two of the chromium exceedances
were found in on-site wells, while three occurred in
off-site wells, with concentrations ranging up to 16
times the PDWS on-site and 2 times the PDWS off-site.
Background wells also had elevated levels of selenium.
The single arsenic exceedance (2.4 times the PDWS) and
all of the cadmium exceedances (up to 12 times the PDWS)
were detected in on-site wells. In contrast to the first
round of sampling, lead was not detected in concentra-
tions greater than the PDWS, The only constituents that
appear to be migrating offsite are lead and chromium.
Based on the data collected, it appears there may be a
temporal variation in the water quality at this site.
Dames and Moore noted that the town of Conesville is
downgradient from the site but on the other side of the
river, which would tend to mitigate potential adverse
impacts.

Hunts Brook Watershed, Montville-Waterford, Connecticut
The electric utility hired a private contractor to

transport and dispose of fly ash in three separate sites
(Chesterfield-Oakdale, Moxley Hill, and Linda Sites)
along three different tributaries to Hunts Brook.
Disposal of fly ash in this area began in the mid 1960's
and ended in 1969. The surface-water quality studies
that took place in this area focused on pH, iron,
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sulfate, and total dissolved solids (TDS). No analyses
were performed for any of the PDWS constituents.
Upstream surface water samples were compared to
downstream samples to determine if the surface water
quality had been degraded at any of the sites.

At the Chesterfield-Oakdale site, concentrations of iron
in the surface water increased from less than the SDWS to
more than 100 times the SDWS between the upstream and
downstream sampling points. Sulfate concentrations
increased by over an order of magnitude, from 20 to 299
mg/l, (at 299 mg/l, still only 1.2 times the SDWS)
between the upstream and downstream sampling positions,
while TDS increased from less than the SDWS to 44 times

the SDWS.

At another sampling point approximately 1.2

miles downstream from the site, the measured parameters
had all returned to levels close to the upstream values.

At the Moxley Hill Site, the pH and iron concentrations
remained relatively constant between the upstream and
downstream sampling points; median sulfate values
increased, although not to levels exceeding the SDWS.
The elevated concentrations of sulfate and TDS had been
significantly attenuated at another point three-quarters
of a mile downstream.

At the Linda Site, no upstream data were collected. It
is therefore impossible to quantify the potential effects
of fly ash deposition on the water quality.

5.3.3 Other Case Studies of the Environmental Impact of Coal
Combustion By-Product Waste Disposal

This section presents a review of two independent case studies of

ground-water contamination at utility disposal sites.

Cedarsauk Site, Southeastern Wisconsin

The Cedarsauk site is a fly ash landfill in southeastern Wisconsin. At the

time of this study,29

fly ash had been deposited at the site into an abandoned

sand and gravel pit over a period of eight years. Part of the pit is in direct

contact with an aquifer composed mainly of sand and gravel with some clay. This

upper aquifer is approximately 15 to 20 meters thick with a permeability of 10
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to 10-2 cm/sec. Soluble carbon aqueous material comprises about 35 percent of
the aquifer. The upper sandy aquifer overlies another aquifer consisting of

fractured dolomite-bedrock.

A water quality study of the area was undertaken in 1975. This study
eventually inéluded 35 monitoring wells and seven surface-water sampling sites.
Twenty of the wells were placed upgradient of the site to provide background
water quality information, while the remaining wells were positioned
downgradient. Sampling was performed on a monthly basis. Most of the
ground-water flow beneath the site surfaced in a marsh directly east of the ash

disposal area.

The monitoring results showed that downgradient ground water had SDWS
exceedances. Background levels of total dissolved solids (TDS) were below 500
mg/l, while the levels in the ground water downgradient from the disposal site
exceeded 800 mg/l, or 1.6 times tﬁe SDWS. After eight years of disposal, ghe
contaminant plume appeared to stabilize approximately 200 meters downgradient
from the ash disposal site. The stabilization of the constituent plume appeared
to be due to dilution and the ability of the materials in the aquifer to
attenuate contaminants. Only iron, manganese, and zinc were found in detectable

quantities in the downgradient off-site wells.

The maximum detected iron concentration was more than 33 times the SDWS,
while the maximum manganese concentration reached 30 times the SDWS. Neither
iron nor zinc could be detected 200 meters downgradient from the disposal site.
Another contributor to ground-water contamination at this site was sulfate.

Background concentrations of sulfate varied between 20 and 30 mg/l (well below
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the SDWS), while the concentrations of sulfate in the contaminant plume achieved
levels approximately 3.4 times the SDWS. Other trace metals for which analyses
were performed, such as copper, molybdenum, nickel, lead, and titanium, were not

detected.

As the leachate contacted the sediments in the aquifer, it was neutralized
from an initial pH value of 4.5 to around neutral pH levels (i.e., about 7.0).
This change in pH probably caused the precipitation of many of the trace metals
and other constituents in the leachate. In addition, adsorption reactions
between the clay in the sediments and the constituents probably attenuated the
leachate concentrations of many of the potential contaminants observed in the

leachate.
Center Mine, Center, North Dakota

Fly ash at this site had been deposited in a mine pit and between mine ash
piles. A study was conducted to determine the potential effects of FGD and fly
ash disposal on ground water quality at the surface mining site.30 This
investigation used field monitoring and laboratory column leaching experiments
in conjunction with geochemical computations. By collecting both field and
laboratory data, the investigators hoped to test the applicability of laboratory
column experiments to field situations. Roughly 150 wells were placed both in

the vicinity of the waste disposal sites and in unaffected areas.

Ground-water concentrations were generally within drinking water standards
in the background wells. However, selected constituents were higher than the

drinking water standards. For instance, sulfate concentrations tended to exceed
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the SDWS by a factor of 2 to 4. The maximum iron concentration was 4.3 times
the SDWS. Manganese concentrations were all above the SDWS, varying from 0.06

to 2.75 mg/l, or 1.2 to 55 times the SDWS.

Samples collected from wells located adjacent to the FGD waste site
indicated that none of the PDWS constituents exceeded the standards. For the
SDWS constituents, molybdenum concentrations fluctuated between 0.070 and 4.850
mg/l, and sulfate concentrations reached a high of 9,521 mg/l, or 38 times the

SDWS. (EPA has not established maximum concentration levels for molybdenum.)

Ground water in areas that appear to be affected by leachate from the fly
ash disposal sites had sulfate concentrations ranging from 21.7 to 211 times the
SDWS. Higher values were obtained immediately below recent deposits of fly ash,
while lower values were observed at older sites or at greater distances from the
disposal area. Arsenic and selenium concentrations in the ground water were as
high as 0.613 mg/1l (12 times the PDWS) and 0.8 mg/1 (30 times the PDWS),
respectively. The highest arsenic and selenium concentrations were associated
with higher pH values. Ground-water pH values for samples in the area of the
fly ash ranged from 6.95 to 12.1. (The Secondary Drinking Water Standard for pH
is 6.5 to 8.5). Iron and manganese concentrations were also high in samples
taken from around the fly ash disposal site. The maximum concentration of iron
was 8.6 times the SDWS; the maximum concentration of manganese was 130 times the

SDWS.

Leachates from the fly ash of western coals are often characterized by a
high pH that tends to cause many potentially harmful constituents to be

released. The pH-dependent solubility of many trace elements, as apparently
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observed at this site, demonstrates the importance of neutral pH values that are

conducive to contaminant attenuation.

5.3.4 Summary

The studies reviewed in this section indicate that constituents from
coal-combustion waste disposal sites have been detected in both on-site and
off-site ground and surface water. However, those constituents that did exceed
the drinking water standards seldom exceeded these standards by more than ten
times. Moreover, the total number of exceedances is quite small compared to the
total number of monitoring wells and samples gathered. The contaminant
exceedances that do occur appear to be correlated to some extent with acidic or
alkaline pH levels. At fly ash disposal sites, pH values between 2 and 12 have
been measured. High and low pH values can contribute to metal solubility in

ground water.

There are two documented cases of coal combustion waste disposal sites
causing significant harm to the environment. Drinking water wells around the
Chisman Creek fly ash disposal site in Virginia (which was closed in 1974) were
contaminated with high concentrations of vanadium and selenium. Concentrations
of these elements at this site were also due to petroleum coke waste (a product
of o0il combustion, not coal combustion). The site has been i::lacad on the CERCIA
National Priority List. In 1967, a dike failed at a utility waste disposal site
on the banks of the Clinch River in Virginia, causing waste to spill into the

river. This accident caused substantial damage to the biotic life in the river.
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5.4. FACTORS AFFECTING EXPOSURE AND RISK AT COAL
COMBUSTION WASTE SITES

The previous sections analyzed the constituents of coal combustion waste
leachates and the quality of the ground water and surface water surrounding
disposal sites. However, this is only part of determining the potential dangers
that the wastes pose to human health and the environment. Exposure potential,
the degree to which populations could be expected to be exposed to potentially
harmful constituents, must also be analyzed. Exposure potential is determined
by a variety of factors. Hydrogeologic characteristics of a site will affect
the migration potential of waste constituents. Proximity of sites to drinking
water sources and to surface-water bodies will determine potential for exposure

to populations using the water sources.

In order to address this issue of exposure, EPA collected a wide variety of
data on a random sample of 100 coal-fired utility plants around the country.
The sample was taken from the Utility Data Institute Power Statistics Database,
which contains information on every coal-fired electric utility plant in the
country, Most plants dispose of their waste on-site, and in these cases
information was collected on the plant location given by the data base. If the
plant disposed off-site, data were collected on that off-site location. EPA
assumed that off-site disposal took place at the nearest municipal landfill,
unless additional information indicated otherwise.‘ Characteristics such as
depth to ground water, hydraulic conductivity, distance to surface water,
location of private and public drinking water systems, type of surrounding
natural ecosystems, and location of human population were obtained from a wide
variety of sources. This simple aggregation of the individual factors affecting

exposure at coal combustion waste sites provides a gqualitative perspective on
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the potential risk that coal combustion waste sites pose, and is presented in
Sections 5.4.1-5.4.3. Appendix F displays the data for each coal combustion

waste site in the random sample.

5.4.1 Envirommental Characteristics of Coal Combustion Waste Sites

Environmental characteristics of coal combustion utility waste sites will
have a significant effect on the potential for the waste constituents to travel

and reach receptor populations. Key envirommental characteristics are:

. Distance to surface water - The distance between a coal
combustion waste disposal site and the nearest surface
water body. Proximity to surface water would decrease
the possible health effects of ground-water contamination
due to the fact that there would be fewer opportunities
for drinking water intakes before the ground water
reached the surface water body; once the plume reached
the surface water, contamination would be diluted.
However, proximity to surface water would possibly
increase danger to aquatic life because less dilution of
the contaminant plume would occur before the plume
reached the surface water body.

. Flow of surface water - A high surface water flow will
increase the dilution rate of coal combustion
constituents that may enter the surface water, thereby
reducing concentrations in the surface water.

e Depth to ground water - The distance from ground level to
the water table. A larger depth to ground water will
increase the time it takes for waste leachates to reach
the aquifer; it also allows more dispersion of the
leachate before it reaches the aquifer so that once the
leachate reached the aquifer, concentrations of metals
would be decreased.

. Hydraulic conductivity - This factor is an indication of
the rate at which water travels through the aquifer. A
high hydraulic conductivity indicates that constituents
will travel quickly through the ground water and possibly
more readily reach drinking water wells, although high
conductivity also indicates a more rapid dilution of
constituent concentration.



. Net recharge - This factor is a measure of net
precipitation of a site after evapotranspiration and
estimated runoff is subtracted. Recharge is calculated
in order to determine the amount of rainfall annually
absorbed by the soil. A high net recharge indicates a
short period of time for contaminants to travel through
the ground to the aquifer, but will also indicate a
higher potential for dilution.

. Ground-water hardness - This factor is a measure of the
parts per million (ppm) of calcium carbonate (CaC03) in
the aquifer. Ground water with over 240 ppm of CaCO3 is
typically treated when used as a public drinking water
supply. This treatment of the hard ground water has an
indirect mitigative effect on exposure because treatment
of the ground water will tend to remove contamination
from other sources.

To conduct this exposure analysis, environmental data on the 100 randomly
selected coal combustion waste sites were gathered using a number of sources.
These data were then aggregated in order to present an overview of the
environmental characteristics that contribute to exposure. The data collected
on the sample of coal combustion waste sites were compared to information
presented in a study by Envirosphere for the Electric Power Research
Institute.31 The Envirosphere report gave detailed information on the
hydrogeologic settings of 450 operating utility plants. The information
provided by the exposure analysis on the sample of 100 plants corresponded

fairly closely with the settings described in the Envirosphere report.

The following sections summarize the data that were collected and the

relationship of the various characteristics to potential exposure.

5.4.1.1 Distance to Surface Water and Surface-Water Flow

The proximity of a waste site to surface water affects exposure potential in

several ways. If the site is very near a surface-water body, there is less
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opportunity for humans to use contaminated ground water as a source of drinking
water. However, sites that are close to surface water can more easily
contaminate the surface-water body, although waste constituents will be more

quickly diluted if the flow of the surface water is high.

Distance to the nearest surface-water body, e.g., creek, river, lake, or
swamp, was determined from measurements obtained using United States Geologic
Survey (U.S.G.S.) maps. The sample of coal combustion waste sites was located
on 7-1/2 or 15 minute maps, and the distance between the site and nearest

surface water body was calculated.

When the boundaries of the plant or waste site were marked on the maps, the
reference point was the downgradient boundary of the site. If the boundaries
were not marked, the latitude and longitude points for the sites provided by the

Utility Data Institute Power Statistics Database were used.

The average distance from the sample of coal-burning waste sites to
surface-water body is 1279 meters. Distances range from 10 to 18,000 meters.
Over 50 percent of the disposal sites are within 500 meters of surface water;
more than 70 percent are within 1,000 meters of surface water. Exhibit 5-17
provides the number and percentage of sites within specified distances of

"

surface water.

Since most sites are located somewhat near surface-water bodies, the
potential for human exposure to contaminated ground water seems to be low, The
proximity of the sites to surface water could, however, pose a threat to

aquatic life and to humans using the surface water if contaminants are entering
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the surface water. The concentration in surface water will be less, however,

if the surface-water body close to the site has a high flow.

Flow data on surface-water bodies near the sample of 100 sites were
obtained from U.S.G.S. data. Flow is expressed in terms of cubic feet per
second (cfs), and given for minimum and maximum average flow for one-month
periods. In order to obtain a conservative estimate of exposure (i.e., one
that does not understate exposure) this report used estimates for the month

with the minimum monthly flow. The results are presented in Exhibit 5-18.

Exhibit 5-18 shows that 19 percent of the sites have a flow of zero. A
zero flow generally indicates that the body of water is a lake, swamp, or marsh
that does not have any continual flow of water, although this category could
include a seasonal stream. For surface-water bodies with zero flow, dilution
of potential contamination would occur because of the volume of water in the
surface-water body, but there would not be any additional dilution as water
flowed away from the source of contamination. Forty-one pegcent of the
surface-water bodies have a flow of 1-1000 cubic feet per second, 21 percent

have a flow of 1,000-10,000 cfs, and 18 percent have a flow of over 10,000 cfs.
5.4.1.2 Hydrogeologic Measurements

The hydrogeologic measurements of depth to ground water, hydraulic
conductivity, and net recharge were determined through the use of information
provided by the DRASTIC system. The DRASTIC system, developed by the National
Well Water Association, categorizes aquifers on the basis of geographic region

and subregion. Each site was located on a 7 1/2 or 15 minute U.S.G.S. map that
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was then compared with a map on which the 11 major DRASTIC regions had been
outlined. The topography and geology of the sites, which were determined from
looking at the U.S.G.S., maps, were assessed in order to further classify
thesites into DRASTIC subregions. Subregions are defined by hydrogeologic
characteristics and vary in size from a few acres to hundreds of square miles,
Measurements for depth to ground water, hydraulic conductivity, and net
recharge of the sites were taken largely from A Standardized System for
Evaluating Ground-water Pollution Potential Using Hydrogeologic Settings, by
the National Well Water Association, which presents a range of values for each
of these hydrogeologic properties for each subregion-32 The ranges were
compared with characteristics that could be observed by studying U.S5.G.S. maps,

and, when necessary, they were modified accordingly.
Depth to Ground Water

A small depth to ground water indicates a higher potential for waste
constituents to reach the ground water at harmful concentrations than if the
distance to ground water were greater, thereby increasing the chance of
ground-water contamination. Depth to ground water was generally based on
DRASTIC region and subregion, but was modified when the topograph; or site
characteristics indicated a depth different from that provided by the DRASTIC
system. For example, if the DRASTIC subregion indicated that there was a high
depth to ground water range, but a particular site was located very near a
surface-water body, the Agency used a smaller depth to ground water than the

DRASTIC range indicated.
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Exhibit 5-19 provides the number and percentage of sites within each range
of depth to ground water. Depth to ground water is calculated in feet and
based on 10 ranges. In over 80 percent of the sites depth to ground water is
less than 30 feet, indicating a reasonably high potential that leachate from

the disposal site would reach the ground water.

Hydraulic Conductivity

Hydraulic conductivity is an indication of the ease with which a
constituent may be transported through the ground water. Conductivity is also
based on the site's DRASTIC region and subregion, and is measured in gallons

per day per square foot and grouped into six ranges.

Hydraulic conductivity is one of the factors used to calculate ground-
water velocity, or volumetric flow of the water table. Velocity has a direct
bearing on the degree to which leachate constituents are diluted once they
reach the ground water and travel to a point of exposure (i.e., human drinking
water source). High ground-water conductivity signifies high velocity and

therefore a high dilution potential.

Exhibit 5-20 provides the number and percentage of sites falling into each
hydraulic conductivity range. Thirty-three percent of the sites show a
hydraulic conductivity of 700-1,000 gallons per day per square foot; 27 percent
have a conductivity of 1,000-2,000 gallons per day per square foot. There is
a wide spread of conductivity values -- indicating hydrogeologic diversity

among sites.
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While ground-water velocity gives an indication of how fast contamination
may travel in the ground water, contaminants do not move at the same velocity
as the ground water. This is because of basic interactions between
contaminants and soil that retard the movement of the contaminants. There are
three different mechanisms that affect the retardation of contaminant movement
-- exchange on soil particle sites (ion exchange), adsorption onto soil
particle surfaces, and precipitation. The exchange and adsorption mechanisms
will retard the movement of contaminants but will not eliminate the movement of

all contaminants due to limited soil attenuation capacity.

As with the diversity among sites in terms of hydraulic conductivity and
ground-water velocity, the various attenuation mechanisms differ among sites.
To determine the attenuation potential at a site requires detailed data inputs

on water chemistry on a site-specific basis.

Net Recharge

Net recharge indicates how much water is annually absorbed into the ground.
It is measured by subtracting evapotranspiration (the amount of rainfall that
evaporates and transpires from plant surfaces) and estimated runoff from total
precipitation at a site. It affects exposure potential in a number of ways.
Low recharge will result in smaller volumes of more concentrated leachate, but
if the aquifer is deep and/or has a high velocity, it will quickly dilute the
leachate. High recharge produces more leachate, but may also indicate that the

area has higher ground-water flow.
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Exhibit 5-21 shows the number and percentage of sites that fall into each
range. Recharge is measured in inches and is grouped into five ranges.
Although a wide variety of net recharge ranges is represented by the sample,
the recharge of sites generally falls into the higher ranges of 4-7 inches,
7-10 inches, and over 10 inches. For example, more than 80 percent of the
sites have a net recharge of over 4 inches and over 50 percent have a recharge
of over 7 inches. This implies that leachate constituents will be more quickly
carried to the water table but the higher recharge rate will also result in

greater dilution of the leachate.
Ground-water Hardness

The hardness of the ground water near coal combustion waste sites will have
an effect on potential exposure through drinking water since excessive hardness
is typically treated in a public drinking water system. Treatment would lessen
the exposure potential to humans from contaminants in the ground water from
other sources (such as coal combustion wastes). Measurements for ground-water

hardness were obtained by locating the sites on maps provided in Ground-water

Contamination in the United States (Pye, Patrick, and Quarles).33

As shown in Exhibit 5-22, ground-water hardness is measured in parts per
million (ppm) of calcium carbonate (CaC03) and grouped into five ranges.
Ground water with a hardness of over 240 ppm of calcium carbonate is typically
treated if used in a public drinking water system. In this sample, 45 percent
of the sites show ground-water hardness in this range. Ground water with a

hardness of 180-240 ppm of calcium carbonate may also be treated, although
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treatment is much less likely. An additional 22 percent fall in the 180-240

PPm range.

The high levels of calcium carbonate found in the ground water near coal
combustion waste disposal sites suggest that if a drinking water supply is in
the vicinity, the water would often require treatment before being used.
Therefore, contamination that might exist in the drinking water from other
sources would be mitigated due to the treatment process since trace

constituents tend to be removed during the treatment process.

5.4.2 Population Characteristics of Coal Combustion Waste Sites

Environmental characteristics, such as distance and flow of surface water
and hydrogeologic measurements, are only one part of the analysis of exposure
potential. Opportunities for human exposure to coal combustion waste
constituents depend in part on the proximity of coal combustion waste disposal
sites to human populations and to human drinking water supplies. Census data
(1980) provide information about the number of people living within specified
distances from the coal combustion waste sites. This information is obtained
through the CENBAT program, part of the Graphic Exposure Modeling System
developed by EPA's 0ffice of Solid Waste. The Federal Reporting Data System
(FRDS) data base, developed by EPA's Office-of Drinking Water, provides
estimates of the number of public water supply systems and the size of the

populations using them.
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5.4.2.1 Proximity of Sites to Human Populations

CENBAT provides information on the number of people living within specified
distances around designated locations. The sites were defined by latitude and
longitude coordinates. Populations were analyzed for areas within 1-, 2-, 3-,

4-, and 5-kilometer radii of the waste disposal sites.

Exhibit 5-23 shows the distribution of population within one kilometer of
the waste disposal sites. The CENBAT results show that most sites, 71 per-
cent, do not have any population within a one-kilometer radius. Overall, the
population range within a one-kilometer radius is O - 3708 people, with an

average of 359 people.

Exhibit 5-24 shows the population characteristics for the sample of coal
combustion waste sites at a three-kilometer radius. When the search distance
is increased to three kilometers, the percentage of sites that have no people
within a three-kilometer radius decreases to 32 percent. Average population
within three kilometers is 3,737, and the range is 0 - 35,633 people. There is
a large degree of diversity of populations at this distance. For example,
while 32 percent of the sites have zero population, the same percentage has

populations over 2,000.

Exhibit 5-25 shows the distribution of populations within a five-kilometer
radius. Only 10 percent of the sites do not have any population living within
this distance. The average population is 12,128 people, with a range from 0 to
123,160. The diversity among coal combustion waste disposal sites is even more

apparent at this distance. While 20 percent of the sites have populations
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within a five-kilometer radius of fewer than 500 persons, 29 percent have

populations over 10,000.

The CENBAT results indicate that denmsity increases on average with distance
from the disposal site. Many waste sites appear to be located on the outskirts
of populated areas, with fairly low population immediately adjacent to the

site, but with significant populations within a five-kilometer radius.

5.4.2.2 Proximity of Sites to Public Drinking Water Systems

If coal combustion waste sites are close to public drinking water systems,
there may be potential for human exposure through drinking water supplies. The
location of public water supplies was determined through the use of the Federal

Reporting Data System (FRDS), developed by EPA’s Office of Drinking Water.

The FRDS data base provides the number of public water supply systems
located within specified distances from a site and the populations using the
systems. It should be noted that the FRDS data base locates water systems
based on the centroid of the zip code of the mailing address of each utility
and that the actual location of the intake or well may be different. This can
cause some inaccuracy in the calculation of the distance and location of public
drinking water supplies in relation to the waste site. In order to remedy
potential inaccuracies and omissions, the locations of public water systems
that appeared on topographical maps but were not reported by FRDS are also

recorded.
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Exhibit 5-26 shows the population served by public water systems located in
the downgradient plume from the sites and within a five-kilometer radius. The
exhibit also shows how many sites have no public water systems within a
five-kilometer radius. Sixty-six percent of the sites have no public water
systems within a five-kilometer radius. Fifteen percent of coal combustion
sites have public water systems located within a five-kilometer distance and
had systems which served over 5,000 people, and 19 percent have public water

systems that serve fewer than 5,000 people.

The population data indicate that while there are often quite large
populations in the vicinity of coal combustion waste sites, only 34 percent of

the sites have public drinking water systems downgradient from the site.

5.4.3 Ecologic Characteristics of Coal Combustion Waste Sites

Ecological data on endangered, threatened, or unique plants apd animals is
available through state Heritage Programs. The Nature Conservancy established
the Heritage Programs, which now usually function as offices of state
governments. The Heritage Programs develop and maintain data bases that
describe jeopardized species and rare ecosystems within each state. It should
be noted that there can be substantial variation in the completeness of data
available from different states; some state Heritage Programs are fairly new,

and basic data collection is still in its preliminary stages.

While it may not currently be possible to quantitatively model risk to
ecosystems from coal combustion waste, the information provided by the Heritage

Programs can indicate whether there are any jeopardized species near a specific
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waste site. If potentially hazardous constituents of coal combustion waste do
migrate and produce environmental contamination, it could affect species and
natural communities that are particularly vulnerable, thereby lessening

ecosystem diversity.

EPA provided Heritage Program staff with latitudes and longitudes for the
sampled sites in states that had such programs. Using these coordinates, the
Heritage Program staff performed a search of their data bases for rare or

endangered species within a five-kilometer radius from the site.

The sample sites were grouped into four categories based on the results
obtained from the Heritage Prograﬁ. Category 1 includes sites having Federally
designated threatened or endangered species within the five-kilometer radius.
Category 2 includes sites that have no Federally designated threatened or
endangered species within the five-kilometer distance, but which do contain
species or natural communities designated by state Heritage Offices as
critically endangered in that state. Category 3 contains sites for which there
are species or natural communities of concern in the area. For sites in
Category 4, there is no record of the existence of species of concern in the

five-kilometer area.

Information was available on 85 of the 100 coal combustion waste sites in
the sample. Exhibit 5-27 presents the breakdown of sites according to the
categories described above. Twelve percent of the sites fall into Category 1,
29 percent in Category 2; 32 percent in Category 3; and 12 percent in Category

4 (no information was available for 15 percent).
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Given the high percentage of sites that have rare planﬁ and animal
communities within a five-kilometer radius supplies, and the proximity
discussed earlier of waste disposal sites to surface-water bodies (which
provide animals with drinking water), there could be a high potential for

species exposure to coal combustion constituents.
5.4.4 Multivariate Analysis

The previous sections of this exposure analysis presented independent
analyses of the population, environmental, and ecological characteristics of
coal combustion waste sites. This section examines a nuﬁber of these factors
simultaneously in order to determine interactions that affect the overall

potential for exposure from coal combustion waste sites.

As mentioned previously, only 34 percent of coal combustion waste sites
(based on a random sample of 100 sites) have public drinking water systems in
the downgradient plume within 5 kilometers of the waste site. Some of these
public drinking water systems may use ground water that is currently treated
before it is used as drinking water, indicating that human populations are
unlikely to be directly exposed to any water that may be contaminated from coal
combustion waste constituents. As discussed earlier, one reason for treating
the water is ground-water hardness. Ground water that has a hardness greater
than 240 ppm CaC03 is likely to be treated if it is used as a drinking water
source. Of the 34 percent of the sites in the sample that have public water
systems in the downgradient plume within 5 kilometers of the waste site, just
under one-half of these sites have ground water with a hardness over 240 ppm

CaC03. These results show that the potential for human exposure through
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drinking water is likely to be less than the proximity to public drinking water
systems (FRDS data) indicates. Of all the sites sampled, only 18 percent have
public drinking water systems within 5 kilometers and ground water under 240

pPpPm 03003.34

The potential for human exposure through drinking water can be further
evaluated by comparing the FRDS and ground-water quality characteristics with
the hydrogeologic factors of net recharge and depth to ground water. Sites
with a net recharge greater than 7 inches and a depth to ground water of
fifteen feet or less are more likely to develop ground-water contamination due
to waste leaching since water has a greater likelihood of contacting the coal
combustion wastes. Of the 18 percent of the sites that have public water
supplies and ground-water hardness below 240 ppm CaC03, two-thirds have a net
recharge greater than 7 inches as well as a depth to ground water of 15 feet or
less. Therefore, only 12 percent of the sites in the sample (18 percent x 2/3)
have ground water that is likely to be used without treatment and_hydrogeologic

characteristics that indicate high potential for leachate migrationm.

This multivariate analysis of the factors affecting exposure at coal
combustion waste sites illustrates the limited potential for human health risk
through drinking water. Only 34 percent of the sites have public water systems
within five kilometers and many of these public water systems are likely to

treat the ground water due to hardness.



5.5 SUMMARY

This chapter has reviewed available information on the potential for
coal-fired combustion wastes from electric utility power plants to affect human
health and the environment. First, data on the potential corrosivity and EP
toxicity of utility wastes was reviewed. After determining that coal
combustion leachate sometimes contains hazardous constituents at levels above
drinking water standards, the potential for this leachate to migrate from waste
disposal sites was examined. Results of ground-water monitoring in several
studies were interpreted and a number of compilations of "documented" damage
cases were evaluated. After describing instances in which trace elements in
coal combustion leachate have migrated from waste disposal sites, the potential
effect of these migrations was examined. A sample of 100 utility waste
disposal sites was selected, and these sites were evaluated in terms of
population, environmental, and ecological characteristics to assess the
potential for leachate migration and exposure of human and ecological

populations.

Based on these data and analyses, several observations relating to

potential dangers to human health and the environment can be made:

» If the current exemption from Subtitle C regulation
were lifted for coal combustion wastes and these
wastes were required to be tested for corrosivity or
EP toxicity, most current waste volumes and waste
streams would not be subject to hazardous waste
regulation. The only waste stream which has had
corrosive results is boiler cleaning waste. (Since
coal ash is not aqueous, it cannot be corrosive.)
For the other waste streams, available data indicate
that while some of these waste streams could have
high or low pH levels, they are not likely to fall
under the RCRA definition of corrosive waste.
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Similarly, while a few high-volume waste samples did
exceed the EP toxicity limits for cadmium, chromium,
and arsenic, this was limited to a few waste streams
and represented only a small fraction of the samples
for these waste streams (the chromium and arsenic
exceedances were from only one fly ash sample).
Available data on low-volume wastes showed that the
only waste stream with significant RCRA exceedances
was boiler cleaning waste, which had exceedances for
chromium and lead. Wastewater brines were shown to
exceed the RCRA standard for selenium in one sample.
Results of EP tests on co-disposed wastes indicate
that boiler cleaning wastes may not possess
hazardous characteristics when co-disposed with ash.
Results for all other waste streams and all other
constituents were below EP toxicity limits.

Results available from ground-water monitoring
studies and documented cases of ground-water or
surface-water contamination show some migration of
PDWS constituents from utility waste disposal sites.
In the most comprehensive and systematic of these
studies, the Arthur D. Little survey of six utility
sites, evidence of constituent migration downstream
from the waste sites was conclusive only for
cadmium. The Envirosphere ground-water study showed
that only 3.7 percent of the samples showed
downgradient concentrations of PDWS constituents
that were higher than the concentrations of
upgradient constituents (indicating that some
contaminants are migrating from the site). This
tends to support the results of the waste extraction
tests. For the one utility disposal site on the
National Priorities List, a site currently inactive
since it was closed in 1974, the major ground-water
contaminants were vanadium and selenium. However,
this site differs from some other sites for which
ground-water quality data are available in that
wastes are from both coal and petroleum coke
combustion.

Although coal combustion waste leachate has the
potential to migrate from the disposal area, the
actual potential for exposure of human and
ecological populations is likely to be limited.
Because utility plants need a source of water to
operate, most of the disposal sites are located
quite close to surface water. Fifty eight percent
of the 100 sample sites were within 500 meters of
surface water, It is not common for drinking water
wells to be located between the disposal site and
the nearest downgradient surface water body. The
effect of this proximity to surface water is that
only 34 percent of the sampled sites had drinking
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CHAPTER SIX

ECONOMIC COSTS AND IMPACTS

Section 8002(n) of RCRA requires that EPA’'s study of coal combustion wastes
examine "alternatives to current disposal methods,"” "the costs of such
alternatives,” "the impact of those alternatives on the use of coal and other
natural resources” and "the current and potential utilization of such
materials.” In response to these directives this chapter examines the
potential costs to electric utilities if coal-fired combustion waéte disposal

practices are regulated differently than they are currently.

The first section of this chapter (Section 6.1) examines the costs incurred
by electric utilities using current disposal methods for coal combustion
wastes,l Section 6.2 follows with a discussion of the costs that could be
incurred if coal combustion wastes were regulated differently than they are
today. These costs include the costs of implementing alternative waste
management practices and the costs of additional administrative
responsibilities that would be incurred. Section 6.3 examines how new
regulations might affect the cost of utilizing coal combustion wastes in
various by-product applications. The last section of this chapter (Section
6.4) considers how energy use patterns in the electric utility industry might
change if alternative waste management practices that significantly affect the

cost of generating electricity with coal were imposed.
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6.1 WASTE DISPOSAL COSTS ASSOCIATED WITH CURRENT DISPOSAL METHODS

The management of utility wastes comprises a series of activities -- from
initial waste collection to disposal. These current waste management

activities can be classified into five basic componants:2

1. Waste Handling and Processing. This is the initial phase of
the disposal process, involving collection of the various
waste products after they have been generated and initial
treatment of the wastes to prepare them for final disposal.

3 Interim Waste Storage at the Plant. Some waste products that
are dry when produced, such as fly ash or flue gas
desulfurization (FGD) wastes from dry scrubbers, often
require interim storage prior to final disposal.

3 Raw Materials Handling and Storage. Some disposal processes
involve stabilization or chemical fixation of the waste to
prepare it for disposal. The raw materials used for this
phase, including additives such as lime, Calcilox, and basic
fly ash, often require special handling and storage
facilities.

4. Waste Transport to a Disposal Facility. Environmentally
sound disposal requires careful transportation of the waste
to the disposal site. Many modes of transportation can be
used, including trucks, railroads, barges, pipelines, and
conveyor systems.

5. Waste Placement and Disposal. This is the final stage of the
waste disposal chain. It involves placing the waste in a
suitable waste management facility (usually a surface
impoundment or landfill) and all activities required after
the facility is closed. Alternatively, the final disposition
of a waste product may entail utilization of the waste in
various applications (such as cement production or
sandblasting operations).

Exhibit 6-1 presents a schematic illustration of the current waste
management and disposal options for coal ash; Exhibit 6-2 illustrates the

options available for FGD wastes. The waste management costs discussed in this
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Exhibit 6-2
Overview of Waste Handling and Disposal Options for FGD Waste
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chapter are those associated with the last component of waste management (1.2
waste placement and disposal). These are the costs associated with actual
construction of the waste management facility and placement of the wastes into
the facility. If current practices for managing coal-fired wastes from
electric utilities are altered, it is this final stage in waste management that
would probably be most affected. However, as will be explored later in this
chapter, some regulatory alternatives may affect other aspects of waste

management.
6.1.1 Costs of Waste Placement and Disposal

The wastes from coal-fired combustion at electric utility power plants are
often mixed together in the same waste management facility, typically a surface
impoundment or landfill. Although surface impoundments were once the preferred
method, and are still widely used, landfilling has become the more common
practice because less land is required, and it is usually more environmentally
sound (because of the lower water requirements, reduced leaching problems,

etc.).

The costs of waste disposal can vary substantially. Exhibit 6-3 shows
representative capital costs associated with constructing surface impoundments
and landfills for coal-fired electric utility wastes. Exhibit 6-4 shows total
costs (i.e., annualized capital costs pius.operation and maintenance
expenses).3 Costs are shown for power plants that range in size from 100 to

3000 megawatts (Mw); power plants that fall outside of this range may incur
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EXHIBIT 6-3
RANGES OF AVERAGE CAPITAL COSTS ASSOCIATED WITH

COAL-FIRED ELECTRIC UTILITY WASTE DISPOSAL
(4th quarter 1986 dollars per kilowatt)

Size of Power Plant

Type of Waste 100 MW 500 Mw 1000 MW 3000 MW
Landfills

Fly Ash 9-14 4-7 3-5 2-3

Bottom Ash 2- 5 2-3 1-2 1-1.3

FGD Waste 6-13 4-7 3-6 2-4

Surface Impoundments

Fly Ash 27-50 15-27 13-23 10-18
Bottom Ash 10-20 6-11 5- 9 3- 6
FGD Waste 14-30 10-19 9-17 7-14

Source: Arthur D. Little, Inc., Full-Scale Field Evaluation of Waste Disposal

From Coal-Fired Electric Genmerating Plants, EPA 600/7-85-028, June
1985.
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EXHTBIT 6-4
RANGES OF AVERAGE TOTAL COSTS FOR COAL-FIRED ELECTRIC

UTILITY WASTE DISPOSAL
(4th quarter 1986 dollars per tom)*

Size of Power Plant

— Type of Waste 100 MW 500 MW 1000 MW 3000 MW
Landfills
Fly Ash 9-18 6-11 5-9 2-6
Bottom Ash 10-16 5-9 4-8 2-6
FGD Waste 4-10 4-7 3-6 2-4

Surface Impoundments

Fly Ash 17-31 9-17 8-14 5-8
Bottom Ash 11-26 8-15 7-13 5-8
FGD Waste 8-17 7-13 6-10 5-7

* Dollar per ton estimates are based on the amount of waste produced
each year. For purposes of this illustration, a power plant is
assumed to generate annually 308 tons of fly ash per megawatt (MW), 77
tons of bottom ash per MW, and 264 tons of FGD waste per MW. Amounts
will vary depending on coal quality, FGD technology, and boiler type,
among other factors.

Source: Arthur D. Little, Inc., Full-Scale Field Evaluation of Waste Disposal

From Coal-Fired Electric Generating Plants, EPA 600/7-85-028, June
1985.
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different waste management costs. Both capital costs and total costs are shown
for unlined facilities without ground-water monitoring or leachate control
systems. The major factors affecting the cost of waste management are discussed

below.

The amount of capital costs for a waste management facility can be
attributed primarily to three factors: site preparation, excavation, and
construction of containment structures.? Capital costs can be substantially
reduced if the amount of earthwork can be minimized. Capital costs for surface
impoundments, for example, increase significantly if dike construction or
excavation is required. However, if existing site features can be used, such
as valleys or abandoned pits, capital costs will be lower. Similarly, capital
costs for landfills that require little excavation are lower than for those

sites requiring extensive earthwork.

As Exhibit 6-3 illustrates, iandfills are far less capital intensive than
surface impoundments. For example, capital costs for fly ash placement in a
surface impoundment at a 500 MW power plant would range from approximately $15
to $27 per kilowatt.”® In contrast, capital costs for landfills range from
about $4 to $7 per kilowatt. Landfills tend to cost less than impoundments
primarily because the area required for a given amount of waste is less, and

neither dikes nor piping and pumping systems are necessary.

Annual costs for landfills (see Exhibit 6-4) also tend to be less than
those for surface impoundments primarily because landfills tend to be far less
capital intensive. For example, costs for fly ash management at a 500 MW power

plant range from about $9 to $17 per ton when the wastes are placed in surface
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impoundments, while the comparable range at a landfill is about $6 to $11 per

ton. Similarly, the cost for bottom ash disposal at an impoundment for a 500

MW power plant ranges from $8 to $15 per ton, while the costs to dispose in a

landfill range from about $5 to $9 per ton.

Other factors that affect the cost of utility waste disposal include

e Size of the Power Plant. Because larger power plants
consume more coal than smaller facilities, they generate
more waste material. However, more efficient operating
procedures allow a larger disposal site to realize
economies of scale not available at smaller sites; thus,
the cost per ton of waste disposed is typically less.

* Rate of Operation. The number of hours that a coal-fired
power plant operates varies from plant to plant, ranging
from fewer than 3,500 hours per year to more than 6,500
hours. As operating levels increase, the amount of waste
generated will increase as more coal is burned to meet the
higher generation load.

* Type of Coal. The quantity of ash produced is proportional
to the ash content of the coal, which ranges from 5 to 20
percent on average. Also, the grade of coal and boiler
design will affect the relative proportions of fly ash and
bottom ash (see Chapter Three for a discussion of the
impact of boiler design on types and amount of wastes

generated).

¢ FCGD Equipment. Because of the additional materials used in
flue gas desulfurization, a power plant that uses this
process to remove sulfur dioxide generates substantially
more waste than does a power plant with no sulfur dioxide

controls.

The amount of waste generated also varies from

one FGD operation to the next, primarily because of
differences in sulfur content among the various coals and,
to a lesser extent, because of the type of FGD process

employed.

For the few power plants currently disposing their waste in mines or

quarries, this disposal method has been economic because of convenient access to

the disposal site.

Since much of the excavation normally required at a disposal
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site has already been performed as a result of the mining or quarrying
operation, waste disposal costs can be quite competitive with costs associated
with more traditional methods of disposal. The cost of disposing in mines or
quarries for power plants that do not have easy access to the mine or quarry
could quickly become prohibitive due to the costs of arranging for disposal at a
remote site and of transporting the waste. Costs are also affected by whether
or not the mine or quarry is still operating, whether the mining was surface or
underground, and the amount of additional preparation required to dispose of the

wastes, among other factors.

The costs of ocean disposal are not well known because there has been
limited experience with this disposal method. Ocean disposal has been
considered for unconsolidated waste (i.e., waste material that has not been
physically or chemically altered prior to disposal)6 and for more stabilized
forms of waste, such as blocks for artificial reef construction;7 however, this
method has been attempted only for projects such as artificial reef
construction, and then only on a trial basis. The most critical factors that
would affect the magnitude of costs for ocean disposal are the availability of
ash-handling facilities to load ocean-going vessels, the ability to gain easy
access to the necessary waterways, and the physical characteristics of the

wastes intended for disposal.

Because neither ocean disposal nor mine or quarry disposal is likely to be
used on a widespread basis, they have been discussed here only briefly; see

Chapter Four for a more detailed discussion of these two disposal options.
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6.1.2 Costs Associated with Lined Disposal Facilities

The waste management costs presented above for surface impounéments and
landfills do not include the cost of natural or synthetic liners to control the
flow of leachate from the disposal area. Traditionally, most waste management
sites, both surface impoundments and landfills, have not been lined to retard
leaching, although this practice has become more widespread in recent years (see
Chapter Four for a detailed discussion of liners). Currently, about 25 percent
of all coal combustion waste management sites employ some type of liner system.

Most liners are made of clay, synthetic materials, or stabilized utility waste.

Clay is used as a liner material because it is not very permeable, although
its permeability will vary depending on the nature of the clay and the degree of
compaction. Because clay is expensive to transport, the costs of the various
clays used for liner material are directly related to the local availability of
the clay. The installed cost of-clay liners can range from $4.45 to §$15.75 per
cubic yard.8 For a liner 36-inches thick, (liner thicknesses do vary), this
results in a cost range of $21,000 to $75,000 per acre, or about $0.70 to $2.55
per ton of waste disposed in a landfill and $2.25 to $8.20 per ton for waste

placed in an impoundment for a 500 MW power plant.9

Synthetic liner materials come in two basic varieties--exposable and
unexposable. The membranes of exposable liners are resistant to degradation
from exposure to the elements even if the liner is left uncovered. The
membranes of unexposable liners will not function properly if the liner is
exposed. Costs for installing exposable liners range from $43,000 to $113,000

per acre, or $1.45 to $3.85 per ton of waste disposed in landfills and from
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$4,70 to $12.35 per ton of waste placed in surface impoundments.lo Costs to
install unexposable liners range from $59,000 to $123,000 per acre, or $§2.00 to
$4.15 per ton of waste disposed in landfills and $6.45 to $13.45 per ton placed
in impoundments.ll The ranges of costs are due primarily to differences in the
cost of the material, differences in liner thickness, and allowances for various

site-specific costs.

Stabilized utility waste, made from combinations of various ash wastes (such
as fly ash or bottom ash), FGD waste, and lime, may be used as liner material
when the required materials are available at the plant site. At an installed
cost of about $13.70 per cubic yard, liners ranging from 3 feet to 5 feet in
thickness can be constructed for $66,000 to $110,000 per acre,l2 which
corresponds to total capital costs of $3.0-$5.0 million at a landfill, or about
$2.25 to $3.75 per ton of disposed waste from a 500 Mw power plant. Total
capital costs at impoundments would be $9.6-$16.0 million, or $7.20-S12.00 per

ton of waste managed.la

6.2 COSTS OF ALTERNATIVE DISPOSAL OPTIONS

As described above, coal-fired utility wastes are currently exempt from RCRA
Subtitle C waste management requirements. In-the interim, coal combustion
wastes are regulated under state statutes and regulations (see Chapter Four).

If these wastes are subject to Subtitle C regulation, the incremental costs will
depend on the regulatory option(s) ultimately selected. Section 6.2.1 outlines
the major regulatory alternatives and discusses the flexibility allowed EPA
under RCRA to promulgate regulations that account for the special nature of coal

combustion wastes. Section 6.2.2 presents cost estimates for individual



Subtitle C disposal requirements, and Section 6.2.3 presents cost estimates for

three regulatory scenarios if coal combustion wastes are regulated under

Subtitle C.

6.2.1 Repgulatory Alternatives under Subtitle C

As described in Chapter Five, there are two ways in which coal combustion
wastes could be identified as hazardous and thus subject to requirements
outlined in Part 264 of RCRA: the characteristic procedure and the listing

procedure.

* Regulation As Characteristic Waste. Unless otherwise
exempted, solid wastes are hazardous under RCRA if
they display any of four characteristics:
ignitibility, corrosivity, reactivity, or EP toxicity.
Coal combustion wastes are unlikely to be ignitable or
reactive, but could be corrosive (for aqueous wastes)
or EP toxic. Subtitle C regulations would apply only
to those waste streams that exhibited any of the
hazardous characteristics. As discussed in Chapter
Five, it is likely that only a small percentage of all
waste generated would be hazardous. However, since
some low volume wastes may be corrosive, this could
have an impact on utilities that currently co-dispose
high- and low-volume wastes. In these cases, the
utility could either stop co-disposing or the landfill
would have to conform to Subtitle C standards. In the
case of surface impoundments, it might still be
possible to co-dispose high- and low-volume wastes if
the disposal impoundment met the requirements for a
neutralization surface impoundment as set forth in 47
FR 1254, January 11, 1982,

* Regulation as Listed Waste. In addition to regulation
under Subtitle C as characteristic waste, the
Administrator may list a waste as hazardous under RCRA
if it meets any of the three criteria contained in 40
CFR 261.11: (1) the waste exhibits any of the four
characteristics described above; (2) it has been found
to be fatal to humans in low doses or is otherwise
measured as acutely hazardous; or (3) it contains any
of the toxic constituents listed in Appendix VIII of
Part 261. The Administrator does not have to list a



6-14

waste that contains any of the toxic constituents
listed in Appendix VIII if the Agency concludes that
"the waste is not capable of posing a substantial
present or potential hazard to human health or the
environment when improperly treated, stored,
transported or disposed of, or otherwise managed".
The Administrator could decide to list as hazardous
all coal combustion waste streams or only selected
ones.

If Subtitle C regulation is warranted for coal combustion wastes, all the
requirements for hazardous waste treatment, storage, disposal, and recycling
facilities in 40 CFR 264 could be applied to the wastes from coal-fired power
plants. Since coal combustion waste is mainly managed in surface impoundments
and landfills, the requirements of Subparts A-H, K, and N would apply. In

general, the required activities include the following:

* General Facility Standards. Facilities must apply for
an identification number, prepare required notices
when necessary, perform general waste analysis, secure
the disposal facility to prevent unauthorized entry,
comply with general inspection requirements, provide
personnel training, and observe location standards
(these include a provision that facilities located in
a 100-year flood plain must be designed, constructed,
operated, and maintained to prevent washout of any
hazardous waste by a 100-year flood). (40 CFR 264
Subpart B)

. Preparedness and Prevention. Hazardous waste facility
operators must design and operate facilities to
minimize the possibility of fire or explosion, equip
the facility with emergency equipment, test and
maintain the equipment, and provide EPA and other
government officials access to communications or alarm
systems. (40 CFR 264 Subpart C)

* Contingency Plan and Emergency Procedures. The
facility operators must have a contingency plan to
minimize hazards to human health or the environment in
the event of fire or explosion. (40 CFR 264 Subpart D)



6-15

¢ Manifest System, Recordkeeping, and Reporting.
Hazardous waste facility operators must maintain a
manifest system, keep a written operating record, and
prepare a biennial report. (40 CFR 264 Subpart E)

* Ground-water Protection. Unless 3,waste management
facility meets certain standards,” a Subtitle C
facility is required to comply with requirements to
detect, characterize, and respond to releases from
solid waste management units at the facility. These
requirements include ground-water monitoring and
corrective action as necessary to protect human health
and the environment. (40 CFR 264 Subpart F)

®* (Closure and Post-closure. Subtitle C facilities must
comply with closure and post-closure performance
standards to minimize the risk of hazardous
constituents escaping into the enviromment. (40 CFR
264 Subpart G)

® Financial Requirements. Subtitle C facilities must
establish a financial assurance plan for closure of
the facility and for post-closure care. Possible
methods of financial assurance include a closure trust
fund, surety bonds, closure letter of credit, closure
insurance,lgr financial test and corporate
guarantee. (40 CFR 264 Subpart H)

®* Desipgn and Operating Requirements. Unless granted an

exemption, new surface impoundments or landfills or
new units at existing impoundments or landfills must
install two or more liners and a leachate collection
system between the liners. (40 CFR 264 Subparts K
and H)

In recognition of the special nature of coal combustion wastes, Congress
afforded EPA some flexibility in designing regulations for coal combustion
wastes if they are subject to regulation under Subtitle C. This flexibility
allows EPA to exempt electric utilities from some regulations imposed on owners
and operators of hazardous waste treatment, storage, and disposal facilities by
the Hazardous and Solid Waste Amendments of 1984. Specifically, section 3004(x)

of RCRA allows the Administrator to modify the following requirements when

promulgating regulations for utility waste.
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s Section 3004 (c) prohibits the placement of uncontained
liquids in landfills;

. SectionlaOOA (d) prohibits the land disposal of specified
wastes;

. Section 3004 (e) prohibits the land disposal of solvents
and dioxins;

* Section 3004 (f) mandates a determination regarding
disposal of specified wastes into deep injection wells;

. Section 3004 (g) mandates determinations on continued land
disposal of all listed hazardous wastes;

. Section 3004 (o) lists minimum technical requirements for
design and operation of landfills and surface impoundments,
which specify the installation of two or more liners, a
leachate collection system, and ground-water monitoring;

e Section 3004 (u) requires the Administrator to promulgate
standards for facilities that burn hazardous waste as fuel;
and

. Section 3005 (j) provides that interim-status surface
impoundments must also meet minimum technical requirements
specified in section 3004 (o).

In addition to the flexibility afforded by 3004 (x), it is possible for EPA
to modify any of the standards applicable to waste treatment and disposal
facilities if lesser standards are protective of human health and the
environment. Section 3004 (a) states "... The Administrator shall promulgate
regulations establishing such performance standards, applicable to owners and
operators of facilities for the treatment, storage, or disposal of hazardous

waste identified or listed under this subtitle, as may be necessary to protect

human health and the environment."

There remains substantial uncertainty, however, about the extent to which,
in practice, the statutory language of Subtitle C would provide sufficient

flexibility to design a waste management program appropriate for high-volume,
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low-toxicity coal combustion wastes. EPA may also consider waste management
requirements, as needed, under the current Subtitle D provisions for solid

wastes, or may seek appropriate additional authorities.

6.2.2 Cost Estimates for Individual RCRA Subtitle C Disposal Standards

If EPA determines that Subtitle C regulation is warranted for coal
combustion wastes, there is a wide range of regulatory options that could be
undertaken. Required activities could consist of some, all, or variations of
the requirements listed in 40 CFR Subparts B-H (and described briefly in Section
6.2.1). This section presents estimates for the costs that would be associated

with compliance with individual Subtitle C requirements.

6.2.2.1 General Facility Standards; Preparedness and Prevention;
Contingency Plan and Emergency Procedures; and Manifest
System
Subparts B through E in Part 264 of the RCRA regulations list general
requirements for such activities as preparing written notices and plans for
submission to EPA; conducting waste analyses; providing security at the disposal
site; and recordkeeping and reporting. Many of these activities would be

undertaken during the permitting process, which is set forth in Part 270 of

RCRA,

The Part B application must contain the technical information listed in Part
264 B through E. The cost to the electric utility industry to prepare a Part B
permit application was estimated in a study done for the Utility Solid Waste

Activities Group (USWAG), which calculated that the total cost of submitting



6-18

Part B permit analyses would be $721,000 per plant, or about $0.55 per ton of
waste disposed.l7 The industry cost, if all power plants filed Part B
applications, would be about $370 million, or about $54 million in annualized

costs.

Location standards are also specified under Subpart B of Part 264 of RCRA.
One such standard is for facilities located in a 100-year flood plain. Part

246.16(b) requires protective measures to prevent washout from flooding.

USWAG estimated the costs for protecting waste disposal facilities located
within a 100-year flood plain to be about $740 per acre for surface impoundments
and about $1,100 per acre for landfills on an annualized basis.l8 This
corresponds to waste management costs of approximately $0.55 per ton of waste at

surface impoundments and $0.25 per ton at landfills.lg

Industry-wide costs for
flood protection at all impoundments are estimated to be about $92 million for
capital expenditures (about $13 million in anmualized costs); costs for flood

protection at all landfills would be about $146 million for capital expenditures

(about $20 million in annualized costs).20
6.2.2.2 Ground-water Protection

Subpart F of 40 CFR Part 264 lists requirements for ground-water monitoring
systems. The costs of installing and maintaining an acceptable ground-water
monitoring program are dependent on the number of monitoring wells required and
the frequency of testing. The study conducted by Arthur D. Little for EPA
estimated that capital costs for installing six monitoring wells at a facility

would range from $18,000 to $25,000.21 At a sampling frequency of four times
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per year, annual operating and maintenance costs would be $10,000 to $14,500,
Total ground-water monitoring costs would range from $0.06 to $0.10 per ton of
managed waste. In another study conducted for USWAG by Envirosphere, which used
different well configurations and cost parameters, somewhat higher costs

($0.10-$0.12 per ton of waste managed) were estimated.22

It is not known how many coal-fired power plants currently have adequate
ground-water monitoring systems in place. To estimate industry-wide costs, EPA
has conservatively assumed that all power plants would be required to install
new ground-water monitoring systems. Using the costs developed in the Arthur D.
Little study, EPA calculated that total capital costs would be about $9.3 to

$12.8 million. Total annualized costs would range from $6.5 to $9.3 million.

6.2.2.3 Corrective Action

Subpart F of 40 CFR Part 264 also lists requirements for corrective action.
A variety of actions may be undertaken to correct ground-water contamination
problems caused by a hazardous waste disposal facility. The facility owner or
operator would need to conduct a site-specific investigation to ascertain the
potential degree of contamination and the appropriate response that would be
most effective in remedying the situation. Types of remedial responses that
might be required would be placing a cap (made of either a clay or synthetic
material) on the disposal unit, counter-pumping the ground water to retard
contaminant migration, excavating the disposal area and removing the wastes to a
Subtitle C landfill, or installing an impermeable curtain around the disposal
area to prevent ground-water flow into or out of the disposal area. As one

example of the potential magnitude of corrective action costs, this section
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evaluates the cost to excavate the existing disposal areas and transfer the

wastes to RCRA Subtitle C-approved facilities.

EPA developed the following formula to calculate total excavation costs for
Subtitle C units, (including closure of the existing site and removal of the

wastes to a Subtitle C facility):

Cost = [(Surface Area x $45) + (Volume x $187)] x 2.16

where the surface area is measured in square meters, and volume is measured in

cubic meters.2

For a power plant of average size (500 MW), it has been assumed that a
45-acre landfill would be required, or about 182,000 square meters, with a
capacity of approximately 5 million cubic meters. Based on the cost equation
listed above, costs for excavation and waste transfer for a landfill site would
be about $2.0 billion.za For surface impoundments, the appropriate parameters
are 145 acres, or about 587,000 square meters, and a volume of about 5 million
cubic meters, which works out to about $2.1 billion for the same type of
corrective action. If this type of corrective action were required at all power
plants, compliance costs for the industry would be enormous. At a cost of about

$2 billion per plant, industry-wide costs would exceed one trillion dollars.

6.2.2.4 (Closure and Post-closure

Subpart G of 40 CFR 264 specifies general closure and post-closure

requirements for Subtitle C facilities and 40 CFR 264(K) and (N) list specific
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requirements for closure and post-closure care of surface impoundments and
landfills, respeectively. These requirements, as applied to coal combustion
wastes, would require the dewatering of ash ponds, installation of a suitable
cover liner made of synthetic materials, application of topsoil to support
vegetation, seeding and fertilizing, installation of security fencing, and
long-term ground-water monitoring. USWAG estimates that capital costs for
closing a waste management facility range from $39,000 to $128,000 per acre for
surface impoundments and from $55,000 to $137,000 per acre for landf?lls.ZS
Once the facility is closed, additional costs would be incurred for post-closure
care -- about $1,050 per acre.annually.26 Total annual costs for closure of a
surface impoundment would range from about $1.0 to $2.8 million for a typical
500 Mw power plant, or $5.00 to $14.75 per ton of waste managed. For a

landfill, total annual costs would range from $0.4 to $0.9 million, or $2.10 to

$4.90 per ton.27

An owner or operator that chooses to close a facility in the event that coal
combustion wastes are brought under Subtitle C regulation would not necessarily
have to follow the closure and post-closure requirements for hazardous waste
facilities listed in 40 CFR Part 264. If regulations are proposed, there would
be some period of time before final regulations take effect.28 If the disposal
facility is closed during this interim period, the closure standards that would

apply would be those required under state regulations, not Subtitle C

regulations.

A facility that closes after the new regulations take effect, however, is
subject to Subtitle C closure and post-closure requirements. The USWAG study

provides an estimate of the total costs of closing all existing coal combustion
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waste disposal facilities and of the costs of closing only unlined facilities
(See Exhibit 6-5). Total capital costs required to close all unlined landfills
and impoundments would range from $3.5 billion for clay-capped facilities to
$9.7 billion for synthetic-capped facilities. If all facilities closed under
Subtitle C regulation, total capital costs would be about $4.3 billion for
clay-capped closure and $12.0 billion for synthetic-capped closure.29 Total
annualized costs to close only unlined facilities would range from about $575
million for closure with clay caps to about $1.5 billion f?r synthetic caps. If
all current waste management facilities were closed, annualized costs would be

about $700 million for clay caps to $1.8 billion for synthetic caps.
6.2.2.5 Financial Responsibility

Subpart H of 40 CFR 264 sets forth requirements for financial responsibility
for closure and post-closure care of hazardous waste facilities. A facility
owner may use several different financial mechanisms to demonstrate financial
responsibility, including purchasing a letter of credit, posting a surety bond,
establishing a trust fund, pufchasing an insurance policy, providing a corporate
guarantee, or passing a financial test. Financial responsibility could be
required for closure/post-closure costs or corrective action costs. The
magnitude of the costs can vary considerably depending on the financial
mechanism that is used and the type of activity for which financial assurance is
required. For example, costs to provide a corporate guarantee or pass a
financial test may be on the order of a few hundred dollars per facility; on the
other hand, annual costs to obtain a letter of credit or to establish a trust

fund are often based on some percentage (e.g., one to two percent) of the total
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EXHIBIT 6-5

SUMMARY OF COSTS TO CLOSE
EXISTING WASTE DISPOSAL FACILITIES
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104 all Facilities
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Close Only
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Source: Envirosphere Company, “Report on the Costs of Utility Ash and FGD Waste Disposal,”
in USWAG, Report on the Costs of Utility Ash and FGD Waste Disposal, Appendix F
Part 2, October 19, 1982.
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costs of the closure/post-closure or corrective action activity to be

undertaken.30

6.2.2.6 Design and Operating Requirements for Landfills and Surface
Impoundments

The level of effort required to come into compliance with Subtitle C design
and operating requirements will depend on many site-specific considerations. Imn
some cases, it may be possible to seal off the portion of the existing disposal
site that has been in use and upgrade the remaining portion by installing a
liner. In other situations the required changes may be sufficiently different
from existing disposal practices that the most cost-effective action may be to

open an entirely new disposal facility.

Given the variety of site-specific situations that may arise, and given the
regulatory flexibility EPA has in designing coal combustion waste management
standards, it is not feasible to estimate how many utility waste management
facilities may be affected or what type of waste management measures may be
required without conducting site-specific investigations. Nevertheless, to
indicate the approximate magnitude of costs that may be involved for different
waste management practices, the costs for three management options --
single-lined landfills, single-lined surface impoundments, and double-lined

surface impoundments -- are presented below.

Landfills

As noted earlier, single clay liners can be installed in a landfill for
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about $0.70 to $2.55 per ton of disposed waste and single synthetic liners for
about $1.45 to $4.15 per ton of disposed waste. The costs presented in Exhibit
6-4 indicate that waste disposal costs at a representative 500 Mw power plant
with no flue gas desulfurization equipment would average about $5 to $11 per ton
of disposed waste for a landfill operation. Adding a single clay liner to the
landfill would increase total costs to $5.70 to $13.55 per ton of disposed
waste; adding a single synthetic liner would increase costs to $6.45 to $15.15

per ton of disposed waste.

These estimates appear to be similar in magnitude, although somewhat lower
than costs estimated in another study of utility waste disposal costs conducted
for the Utility Solid Waste Activities Group (USWAG) by Econométric Research,
Inc. That study estimated that total costs for complying with requirements
related to the construction, operation, and maintenance of a single-lined
landfill would range from about $15 to $24 per ton of waste, depending on the

type of liner.31

The study for USWAG also analyzed the total costs to the electric utility
industry if all power plants currently using landfills were required to
construct new landfills with single liners. For this scenario, USWAG assumed
that existing facilities, even if lined, would have to be replaced to comply
with new requirements. Total capital costs for this alternative would range
from $2.6 billion for landfills with one synthetic liner to $4.0 billion for
landfills with a single clay liner.32 Estimated annualized costs were about
$400 million for installing a single synthetic liner at all landfills and about

$600 million for imstalling a single clay liner.33
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Surface Impoundments

The costs presented in Exhibit 6-4 for unlined surface impoundments
indicated that waste managed at a representative 500 Mw power plant with no FGD
waste production would cost about $8 to $17 per ton of waste. Using the cost
estimates for liners noted earlier (see Section 6.1.2), adding a single clay
liner would increase total management costs to about $10,25-$25.20 per ton of
waste, and adding a synthetic liner would increase costs to $12.70-$30.45 per

ton of waste.

These cost estimates for single-lined impoundments appear to be reasomably
consistent with other estimates, Studies for USWAG indicated that management
costs for impoundments with a single synthetic liner were about $19 per tom of

waste and $30 per ton of waste for impoundments with a single clay liner.Bh

The USWAG report also estimated the total costs to the electric utility
industry to construct new impoundments with single liners (i.e., all power
plants currently using surface impoundments would be required to construct new
facilities to meet disposal requirements even if the current impoundment is
already lined). For this alternative total capital costs would range from $5.8
billion for impoundments with single synthetic liners to $9.5 billion for
impoundments with single clay liners.35 Annualized costs would range from $850
million for single synthetic liners at all impoundments to $1.4 billion for

single clay liners.36

The study for USWAG also estimated management costs for surface impoundments

with two different types of double liners -- a double synthetic liner (each with
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a 30 mil thickness) and a double liner system consisting of one synthetic liner
(30 mil) and a clay liner (36 inches). Total management costs for double-lined
surface impoundments would range from about $29 per ton of waste for a site with
two synthetic liners to $36 per ton of waste for a site with one synthetic liner

and one clay liner.3?

Industry-wide costs were also estimated for the installation of new
double-lined surface impoundments at all power plants currently using surface
impoundments. Total capital costs for installing a double-lined impoundment
ranged from $9.3 billion for a double synthetic liner to $11.6 billion for one
clay and one synthetic liner.38 Total annualized costs were estimated at $1.4
billion for all impoundments with a double synthetic liner and $1.7 billion for
all impoundments with one clay liner and one synthetic liner. A summary of the

costs for the various types of lined disposal facilities discussed herein is

presented in Exhibit 6-6.

6.2.2.7 Summary of Costs for Various Waste Management Alternatives

Exhibit 6-7 summarizes the costs to the electric utility industry of each of
the waste management options previously discussed. The exhibit presents cost
estimates for the total amount of capital required for each waste management
standard and for the total amount of annualized costs (i.e., annual capital,
operation, and maintenance costs) that would be incurred in order to comply with
each requirement if coal-fired combustion wastes were regulated as hazardous

wastes,
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EXHIBIT 6-6
SUMMARY OF COSTS FOR DIFFERENT TYPES
OF LINED WASTE MANAGEMENT FACILITIES

Total Annual Costs
for the industry a/

Cost per tomn millions of dollars

Landfills

Basic Practice--Unlined $ 5.00-511.00 N.A.

Single Clay Liner $§ 5.70-813.55 600

Single Synthetic Liner $ 6.45-§15.15 400
Surface Impoundments

Basic Practice--Unlined $ 8.00-517.00 N.A,

Single Clay Liner $10.25-$25.20 1,380

Single Synthetic Liner $12.70-530.45 865

Double Synthetic Liners $29.00 1,360

Double Liners:

1 Synthetic and 1 Clay $36.00 1,680

a/ Total annual costs refer to annualized costs that capture capital,
operation, and maintenance expenses. Since these costs were calculated by
assuming that the utility industry would have to construct new facilities to
comply with hypothetical alternative regulations, these costs are in addition
to the current management costs incurred by the industry.

Source: Envirosphere Company, "Report on the Costs of Utility Ash and FGD
Waste Disposal." 1In USWAG, Report and Technical Studies on the Disposal and
Utilization of Fossil-Fuel Combustion By-Products, October 19, 1982,
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EXHIBIT 6-7

COSTS TO THE ELECTRIC UTILITY INDUSTRY

FOR HYPOTHETICAL RCRA COMPLIANCE STRATEGIES

Total Capital Costs
(billions of dollars)

Preparation of Part B Permit 0.37 a/

Construction of New Disposal

Facilities
Landfills
- Single clay liner 4.0
- Single synthetic liner 2.6
Surface Impoundments
- Single clay liner 9.5
- Single synthetic liner 5.8
- Double liner
- clay/synthetic 11.6
- two synthetic 9.3
Closure of Existing Disposal
Facilities
Only Unlined Facilities Close
- Clay cap 3.5
- Synthetic cap 9.7
All Facilities Close
- Clay cap 4.3
- Synthetic cap 12.0
Installation of Leachate
Collection Systems 1.2
Provisions for Flood Protection
Landfills Q.15
Impoundments 0.09
Ground-water Monitoring Systems 0.009-0.013
Excavate Existing Facilities,
Removing Waste to Subtitle C Facilities 1028.0 a/

Total Annual Costs
(millions of dollars)

54

600
400

1400
850

1700
1400

L
1500

700
1800
460
20
13

6-9

NA

a/ Costs shown are for capital, operation, and maintenance costs for the
entire industry since the amount of capital required was not readily available.
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A combination of compliance altermatives could occur (e.g., closing
existing disposal facilities and constructing new facilities with leachate
collection and ground-water monitoring systems). The actual cost to the
electric utility industry for complying with RCRA Subtitle C requirements would
depend on the regulatory actions taken by the Agency if the temporary exemption
under Section 3001 of RCRA is removed. Three possible regulatory scenarios are

discussed in the following section.
6.2.3 Potential Costs to the Industry of RCRA Subtitle C Waste Management

Section 6.2.2 presented cost estimates for individual regulatory
requirements that could be imposed on utilities if EPA determines that Subtitle
C regulation is warranted for coal combustion wastes. In this section, three
possible regulatory scenarios are examined to quantify the range of incremental
costs that could result from various regulatory options. In the first scenario,
the incremental costs of regulating a portion of low volume wastes under
Subtitle C are presented. The second scenario assumes that all coal combustion
waste would be subject to Subtitle C requirements. The third scenario assumes
that high volume coal combustion wastes would be tested for RCRA hazardous
characteristics and that a small portion of the waste would be classified as
Subtitle C characteristic waste, For all three regulatory scenarios, costs are
shown only for bringing all existing power plants into compliance with the

assumed RCRA Subtitle C management regulations.
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Low Volume Waste Scenario

This scenario evaluates the costs to the utility industry if some low volume
waste streams are classified as hazardous wastes under Subtitle C. As discussed
in Chapter Three, some of these wastes can exhibit hazardous characteristics
such as corrosivity. The information available to EPA at this time does not
permit the Agency to quantify the amount of low volume wastes that may exhibit
hazardous characteristics. In this scenario, EPA has assumed that all
water-side boiler cleaning wastes are regulated as hazardous wastes since these
waste streams may exhibit corrosive characteristics. These waste
streams are assumed to be hazardous to provide an approximate estimate of the
costs to the industry if some low volume wastes display RCRA hazardous
characteristics. That is, both high-volume and low-volume wastes could be
tested for RCRA hazardous characteristics, but only a small portion of the
low-volume wastes (as represented by all water-side boiler cleaning wastes)

would need to be treated as hazardous.

As shown in Exhibit 3-19, a répresentative power plant generates about
180,000 gallons per year of water-side boiler cleaning wastes. The cost to
dispose of these wastes as hazardous liquids can vary depending on waste stream
variability, regional differences in disposal costs, and quantity to be
disposed, among other factors.39 For purposes of this analysis, an incremental
cost of $2 per gallon (including transportation) has been assumed based on a
1985 survey of hazardous waste management prices.ao With 180,000 gallons
generated per year at a representative power plant, annual disposal costs would
be about $360,000 per power plant. Since there are 514 power plants in the

U.S., annual disposal costs to the utility industry would be about $185 milliom,
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Full Subtitle C Regulation Scenario

If EPA lists high volume coal combustion waste streams in 40 CFR
261.31-261.33, all utilities will be affected. Utilities would be required to
manage all coal combustion wastes in Subtitle C permitted facilities. To
estimate the incremental costs to the industry of this regulatory scenario, the
Agency assumed that all utilities would close existing facilities and open new
waste management facilities that complied with Subtitle C standards. This
scenario assumes that the costs of managing wastes off-site will equal the costs
of managing wastes on-site and that existing facilities would be closed in the
six months before Subtitle C regulation took effect, thereby avoiding Subtitle C

closure and post-closure requirements.

Under existing state regulations, a clay cap is assumed to be adequate to
close existing waste management facilities. The total annual costs of closing
all existing facilities with a clay cap would be $700 million. For the new
facilities, EPA assumed utilities would prepare a Part B permit application,
construct new 1andfiils and surface impoundments with clay/synthetic double
liners, install leachate collection systems, make provisions for flood
protection, and install ground-water monitoring systems. To determine
incremental costs for the industry, EPA assumed that the current proportions of
waste management facilities that were landfills and surface impoundments would
remain unchanged under Subtitle C regulation. As summarized in Exhibit 6-7,
total annual costs of the new Subtitle C facilities would be $54 million for
Part B permit applications, $725 million for new double lined 1andfills,41 $1700

million for new double lined surface impoundments, $460 million for leachate
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collection systems, $33 million for flood protection, and $9 million for
ground-water monitoring. Total incremental costs for this regulatory scenario

would be $3.7 billion annually.42

High Volume Characteristic Waste Scenario

If coal combustion wastes were not exempt from RCRA Subtitle C regulation,
utilities would have to test high-volume and low-volume coal combustion wastes
for RCRA hazardous characteristics. Based on the RCRA characteristic results
in Chapter Five, it appears that only a small portion of coal combustion wastes
possess the hazardous characteristics of EP Toxicity or corrosivity. For
purposes of this scenario, the Agency assumed that five percent of the wastes
generated by utilities would need to be disposed in Subtitle C permitted
facilities. The Agency does not have sufficient information to know exactly the
amount of coal combustion waste that would exhibit RCRA hazardous
characteristics. EPA believes that coal combustion wastes generdlly would not
fail the RCRA hazardous characteristic tests. Based on limited information
presented in Chapter Five that indicate about five percent of all ground-water
observations at utility sites exceed the Primary Drinking Water Standards, the
Agency assumed that five percent of all wastes would require Subtitle C
treatment. The total annual cost to the industry if utilities close existing
facilities and construct new double lined facilities for five percent of all

coal combustion wastes would be $185 million.

6.3 1IMPACT OF REGULATORY ALTERNATIVES ON UTILIZATION OF COAL
COMBUSTION WASTES

As discussed in Chapter Four, coal-fired utility wastes have been used in a
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variety of applications by electric utilities and other industries to replace
other types of material. The use of utility wastes as a replacement for other
materials has reduced the amount of wastes utilities have had to dispose, while
correspondingly reducing the resource requirements of other industries that have

managed to find a productive use for the waste material.

In the event that some or all of these wastes were declared hazardous, it is
possible that the amount of by-product utilization of coal-fired utility wastes
would decline as a result of increased costs for their use and the potential for
outright prohibition of their use in some applications. On the other hand, it
is possible that certain forms of utilization (e.g., the use of fly ash in
cement) may be deemed environmentally acceptable practices if the wastes would
be unlikely to pose an environmental threat when used for such purposes. Since
costs for other forms of disposal may increase, utilization may also increase.
However, for discussion purposes, this section assumes that designation as a

hazardous waste would tend to discourage by-product utilization.

The costs that would be incurred as a result of environmental concerns over
the utilization of coal-fired utility wastes would depend on the regulatory
requirements that would have to be followed to use the wastes. The more
stringent the additional regulatory burden imposed, the greater the impact on

by-product utilization due to the higher costs of using the wastes.

In the USWAG study referenced above, the potential range of costs associated

with reduced use of coal combustion by-products was alsc evaluated. Three

different regulatory scenarios were analyzed.43



6-35

® The transportation of coal-fired utility wastes is
regulated as hazardous waste transportation under Subtitle
C of RCRA; use or disposal of the wastes would not be
regulated.

* All activities associated with reuse of coal combustion
by-products is regulated, and the regulations affect both
the transporter and owner/operator of a Subtitle C
hazardous waste management facility.

¢ Reuse of coal combustion by-products is prohibited.

There would be three types of costs incurred under these regulatory
scenarios: (1) replacement costs to the end-users who would no longer find
it economic to utilize the coal combustion by-products, (2) costs to
utilities to dispose of wastes no longer reused by other industries, and
(3) additional costs to the utility industry for replacement and disposal
of wastes that could no longer be used on-site. A summary of the costs

associated with each scenario is provided in Exhibit 6-8.44

If the transportation of coal combustion by-products were subject to
inecreased regulation under Subtitle C, the USWAG report estimated that the
use of these by-products would decline by nearly 40 percent, increasing
overall disposal volumes by about 8 percent.45 The industries that would
be affected the most would be the roofing granules industry (conventional
roofing granules would replace bottom ash and boiler slag at a cost of
about $115 million in annual costs) and the concrete industry (portland
cement would replace fly ash at a cost of about $40 million in annual

46

costs).

If all activities pertaining to reuse of coal combustion wastes were

subject to Subtitle C regulations, utilization of coal combustion
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EXHIBIT 6-8

Summary of Economic Impacts on By-Product
Utilization under Different RCRA Regulatory Scenarios™

2700
Utility Costs—Changes in
Shig : On-Site Practices
.| Utility Costs—Disposal of Wastes
2 no Longer Reused
2100

-Replacement Costs to End-Users

1800
1500
Cost
(105 dollars)
1200
900
600
300
0
Reuse All Reuse Reuse
Transportation Activities Prohibited
Regulated Regulated
* All costs are annualized based on impacts estimated from 1984-2000.
Source: USWAG, Report and Technical Studies on the Disposal and Utilization of Fossil=Fuel

Combustion By-Products, Appendix G, October 26, 1982

G/87
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by-products was estimated to decline by about 75 percent, increasing
overall disposal velumes by about 14 percent.47 The greatest impact would
be on the concrete industry, which would spend about $270 million annually

to replace fly ash with portland cemen.t:.48

If all reuse of coal combustion by-products were prohibited, industries
using these by-products would have to find suitable replacements; total
disposal volumes would increase by nearly 20 percent.49 The largest
impacts would be on the asphalt industry, which would be forced to replace
ash with asphalt at a cost of approximately $250 million annually, and the
conerete industry, which would replace fly ash with portland cement at a

cost of about $270 million annually.50

6.4 ECONOMIC IMPACTS OF ALTERNATIVE WASTE DISPOSAL OPTIONS

Since many alternative dispo;al practices discussed in this chapter
could impose additional costs on the electric utility industry. this
section evaluates the effect that these increased costs might have on
electricity generation costs and U.S. coal consumption. This study employs
three measures to determine the potential economic impact of altermative
disposal practices:

1. Average increase in electricity generation costs at existing
coal-fired power plants,

2. Average increase in electricity generation costs at coal-fired
power plants yet to be constructed, and

3. Impact on the electric utility industry'’s consumption of coal.
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Exhibit 6-9 summarizes the cost of generating electricity at both existing
and yet-to-be-constructed power plants (see Appendix G for a detailed discussion
of the assumptions used to determine these generation costs).51 Disposal costs
average about 3-5 percent of total generation costs at existing coal-fired power
plants, but only about 1-3 percent at future power plants. Although the actual
costs of disposal at existing and future power plants are similar, the
percentages are different because total generation costs at future power plants
are higher than generation costs at existing power plants (resulting in a lower
overall percentage for disposal costs at future power plants). Total generation
costs are higher at future power plants because they include capital, operation
and maintenance, and fuel costs, while the generation costs for existing power
plants include operation and maintenance and fuel costs only.52
Based on the cost assumptions used to develop Exhibit 6-9, coal-fired

electricity generation at both new and future baseload53 power plants is less

¢ 2 . 54
expensive than generation with natural gas.

The economic impacts likely to result from the use of alternative coal-fired
utility waste disposal practices will depend upon several factors, including
which disposal options are required, how much the cost of coal-fired electricity
generation changes, and whether these changes affect the relative
competitiveness between coal and other fuels. To indicate tﬁe potential
magnitude of these impacts, Exhibit 6-10 summarizes the potential cost impacts
on electricity generation rates due to the alternative waste disposal options

discussed earlier in this chapter.

As indicated in Exhibit 6-10, some alternative disposal options could
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EXHIBIT 6-9

IMPACT OF CURRENT WASTE DISPOSAL COSTS
ON TOTAL ELECTRICITY GENERATION COSTS*

60

50

40-

Generation 30+

Costs
(Mills Per
Kilowatt—-Hour) 20+
10
0
Low High Gas
Sulfur Sulfur
Coal Coal
Existing Power Plant Future Power Plant
=== Disposal Cost * Generation costs are based on typical 500 Mw

power plant in the midwest operating at 70
percent utilization rate. Regional costs will vary

Fuel depending on fuel price and availability, among
other factors.

Operation and Maintenance

Capital

Source: Generation cost estimates are from ICF Incorporated. Waste disposal costs are taken from
Arthur D. Little, Inc., Full-Scale Field Evaluation of Waste Disposal From Coal-Fired
Electric Generating Plants, June 1985.
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EXHTBIT 6-10

TMPACT OF ALTERNATIVE DISPOSAL OFTIONS OF ELECTRICITY GENERATION COSTS

Incremental Cost

Impact On ation Costs

{(8/ton of a/ L of Total Generation Costs
Option disposed waste) mills/kilowatt-hour Existing Plant Future Plant

Part B Permit 50.55 D.03 0.2 0.1
Existing Landfills b/

Singlae Clay Liner $0.70-%2.55 0.04-0.16 0.2-0.9 0.1-0.3

Single Synthetic Liner $1.45-%54.15 0.09-0.26 0.5-1.4 0.2-0.6
Existing Surface nts

Single Clay Liner $2.25-88.20 0.14-0.51 0.8-2.8 0.3-1.1

Single Synthetic Liner 84.70-813.45 0.30-0.84 1.7-4.7 0.6-1.8
Hew fills

Single Clay Liner $ 5.70-512 .55 0.36-0.79 2.0-4.4 0.8-1.7

Single Synthetic Liner § 6.45-815.15 0_40-0_95 2.2-5.3 0.9-2.0
New Surface Impoundments

Single Clay Liner §10.25-525.20 D.64-1.58 3.6-8.8 1.4-3.4

Single Synthetic Liner $12.70-530.45 0.80-1.91 4.4-10.6 1.7-4.1

Double Synthetic Liner $29.00 1.82 10.1 3.9

Double Synthetic/

Clay Liner §36.00 2.26 12.6 4.8
Site Closure $2.10-814.75 0.13-0.93 0.7-5.2 0.3-2.0
Leachate Control S4.70 0.30 1:7 D.6
Flood Protection $0.25-50.55 0.02-0.03 0.1-0.2 c/
Ground-water Monitoring $0.06-50.10 0.004-0.006 e/ e/
Utilization

Transportation
Regulated 53.00 0.19 1.1 0.4
All Activities
Regulated $13.20 0.83 4.6 1.8
Reuse Prohibited $18.75 1.18 6.6 2.5
a/ Based on a representative 500 Mw plant operating at a 70 percent utilization rate. Costs are

incremental costs only; that is, cost impact of new disposal facilities is only that portion of

costs in excess of current disposal costs (see Exhibit 6-4 for these costs).

one-tenth of a cent ($0.001).

A mill is

b/ Costs for existing waste disposal facilities refer only to the cost of liner installationm.
Costs for new waste disposal facilities refer to all the costs for site construction and liner

installation.

¢/ Less than 0.1 percent.
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increase electricity generation costs at existing power plants by several
percent. In some cases the cost impact could be substantial if several options
were combined as part of an integrated waste management strategy. For example,
if new waste management regulations led to closure of the current disposal site
and the construction of a new lined facility with a leachate control system,
flood protection, and ground-water monitoring system, coal-fired generation
costs at existing coal-fired power plants could increase by nearly 20 percent

(roughly 3.5 mills/kilowatt-hour).

Generation cost increases of this magnitude have the potential to reduce
coal consumption at existing coal-fired power plants if these cost increases
make it more expensive to generate electricity with coal than with other fuels.
A utility decides how much electricity to generate at any existing power plant
primarily by comparing the operation and maintenance costs (including fuel)
associated with generating electricity at all of its power plants. Power plants
with the lowest generation costs will be operated first. Generally, it is less
expensive to generate electricity with coal than with other fuels such as oil or
gas, but oil-fired eleétricity generation can be competitive with coal when the
price of oil is approximately $10-$15 per barrel.55 However, whether and to
what degree electric utilities would shift away from the use of coal would
depend on several factors, including the relative price of coal compared with
the price of other fuels, the magnitude of the increase in generation costs if
disposal practices were altered, and the overall efficiency of competing power

plants.

For power plants yet to be constructed, the impact of higher disposal costs

on coal consumption could be more substantial, with possible generation cost
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increases approaching 8-10 percent if several options are combined. Generation
cost increases of this magnitude could have a substantial effect on the amount
of coal consumed at future power plants since many utilities may decide not to
build coal-fired power plants. Although currently coal-fired electricity
generation may be a more economic option than oil-fired or gas-fired generation
at plants yet to be constructed, this situation could change if more expensive
disposal practices were required for coal combustion wastes. This is because
the higher capital costs of coal-fired electricity generation, compared with
oil- or gas-fired generation, reduces the overall cost differential between the
use of coal and the use of o0il or gas at future power plants (compared to the
cost differential between coal and oil or gas at existing power plants). As a
result, coal is more likely to be replaced by alternative fuels at future power

plants than it is at existing power plants.

In fact, since oil prices dropped below $20 per barrel in early 1986, many
utilities have been seriously evaluating the feasibility of building oil- or
gas-fired generating capacity in lieu of coal-fired units. As a result, in some
instances even an increase of a few percent in coal-fired generation costs could
be sufficient to tip the balance in favor of using natural gas or oil to fuel
power plants that have not yet been constructed. If increased disposal costs do
promote such competition, growth in future U.S. consumption of coal would
probably decline. The exact magnitude of this decrease in future coal
consumption would depend on many factors, including the type of new waste
disposal practices adopted and the price of alternative fuels in different
regions of the country. An in-depth analysis of the potential impact of
alternative waste management scenarios on electric utility generation practices

and investment decisions and, as a result, the level of coal consumption, is
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beyond the scope of this Report to Congress. However, EPA intends to seek more
information and analysis on the issue of economic impacts through the‘public
hearing process and through its own additional investigations. As required by
law EPA will conduct the appropriate regulatory impact analyses, including the
economic impact analysis, during the six monfh public review period following
submission of this report to Congress if it is determined that current utility
waste management practices for coal-fired combustion wastes are inadequate and

additional regulations are warranted.
6.5 SUMMARY

The cost to manage coal combustion waste in basic waste management
facilities currently ranges from as little as $2 to as much as $31 per ton. The
wide range in management costs is primarily due to differences in (1) the type
of facility, (2) the size of the facility and (3) the characteristics of the

waste.

® Some facilities currently incur additional costs because
they have undertaken additional safeguards against
leaching, including liner installation, leachate collection
and treatment, and ground-water monitoring,

* Management costs at surface impoundments tend to be greater
than those at landfills because of the higher costs of site
preparation at impoundments.

* The size of larger waste disposal facilities allows them to
operate more efficiently, which tends to reduce the cost
per ton of waste management.

®* Fly ash is typically more expensive to manage than bottom
ash or FGD waste because of additional requirements for
collection, handling, and treatment prior to disposal.
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If additional regulations are promulgated requiring
electric utilities to alter the current methods by which
they manage coal-fired wastes, additional costs may be
incurred by the industry as it complies with the new
requirements.

The most common practice for controlling leaching at a
waste management site is installation of a liner prior to
placement of the waste. Liners are usually made of low
permeable clay or a synthetic material and can be installed
in one or more layers. The cost of installing a liner
ranges from $0.70 to $8.20 per ton of waste for clay liners
and $1.45 to $13.45 per ton for synthetic liners. Total
disposal costs for single-lined landfills range from about
$6 to $15 per ton of waste, while costs for single-lined
surface impoundments range from $10 to $30 per ton.
Industry-wide costs to construct and install lined
management facilities could range from $0.4 to $1.7 billion
on an annualized basis, depending on type of facility, type
of liner material, and number of liners installed.

Installation of leachate collection systems to control
potential environmental problems that might result from
substances leaching from a waste management site could cost
about $4 to $5 per ton of waste. Total costs to the
utility industry to install leachate collection systems
could be $1.2 billion in capital costs, or about $460
million in annualized costs.

The cost of installing a ground-water monitoring system to
detect the presence and concentration of various waste
constituents in the ground water surrounding a waste
management facility is generally less than $0.25 per ton of
waste. Total capital requirements to the industry would
likely range from $9 to $13 million, with annual costs of
$6 to $9 million.

If coal combustion wastes were regulated under Subtitle C
of RCRA, costs to the utility industry could approach §3.7
billion annually if all wastes were listed as hazardous.
Costs would be substantially lower than $3.7 billion
annually if coal combustion wastes were tested for
hazardous characteristics since only a small portion of
coal combustion wastes would be likely to fail the RCRA
hazardous characteristic tests. These costs to comply with
Subtitle C do not include corrective action costs or the
higher costs that may be associated with recycling coal
combustion wastes; these costs to the utility industry
could be very high,
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New waste management practices could increase the cost of
generating electricity at existing coal-fired power plants
by nearly 20 percent in some cases. Although ceal is
generally the preferred boiler fuel at existing power
plants, an increase of this magnitude could cause a decline
in the amount of coal consumed at these power plants if
alternative fuel prices were reasonably competitive.

If new management practices are required at future power
plants, the increase in generation costs is unlikely to
exceed 10 percent. Although on a percentage basis this
increase would be less than the percentage increase
possible at existing power plants, the choice of fuels at
future power plants is much more competitive (due to the
capital costs that must be included in the costs of a
future power plant). In some instances this could lead to
a decrease in coal consumption if the use of alternative
fuels is found to be more cost effective since many
utilities may decide not to build coal-fired power plants.






CHAPTER SIX

NOTES

L The disposal costs in this chapter are assumed to apply to high-
volume and low-volume wastes since these wastes are often co-disposed in the
same disposal facility.

2 Arthur D. Little, Inc., Full-Scale Field Evaluation of Waste Disposal

from Coal-Fired Electric Generating Plants, Final Report, EPA-600/7-85-0286,
June 1985, p. 6-1.

3 The methodology used to develop the cost estimates presented in this
chapter is detailed in Appendix G. All costs in this report are presented in
fourth quarter 1986 dollars. Costs were escalated to this level based on the
GNP price deflator index reported by the U.S. Department of Commerce. The
value of this index for fourth quarter 1986 was 115.2 (1982 = 100). Capital
charges not already annualized in the various studies cited in this report were
annualized by using a 14.5 percent capital recovery factor. This capital
recovery factor was chosen to approximate the factors used in the two primary
studies cited throughout this chapter -- the ADL study (which used a capital
recovery factor of 14.7 percent) and the USWAG study (14,1 percent).

4 Arthur D. Little, Inc., p. 6-112.

3 Many of the cost estimates presented throughout this chapter are based
on a 500 Mw power plant in order to approximate representative costs for a
"typical" size power plant. Capital costs are often expressed on a "per
kilowatt® basis to reflect the amount of capital required for each kilowatt of
a power plant’'s capacity. Total disposal costs are often expressed on a "per
ton" basis, which refers to each ton that must be disposed over the life of the
facility. The amount of waste generated each year from a 500 Mw plant is
assumed to be 154,000 tons of fly ash, (308 tons/Mw), 38,500 tons of bottom ash
(77 tons/Mw), and 132,000 tons of FGD waste (264 tons/Mw). These estimates are
based on average values reported in Full-Scale Field Evaluation of Waste
Disposal From Coal-Fired Electric Generating Plants, Arthur D. Little, Imec.,
June 1985. The actual amount of waste generated at a plant will vary depending
on plant size, coal quality, FGD technology, and boiler type, among other
factors.

6 In one study for Consolidated Edison of New York, analyses were
conducted on the feasibility of ocean disposal of coal-fired utility wastes
from the Arthur Kill and Ravenswood oil-to-coal conversions. Capital costs for
this 612,500 tons per year operation were estimated at $36 million. Annual
operation and maintenance costs were approximately $2.7 million, for total
costs of about §13 per ton of waste disposed. See Energy Resources, Inc.,
Demonstration of Compliance of Cosl-Ash Disposal at the 106-Mile Ocean Waste
Disposal Site with Subpart C of the Ocean Dumping Regulations, Attachment I,
May 1981, p. I-26.) Capital costs would be about $5.2 million on an annualized
basis, resulting in total annualized costs of about $7.9 million.




7 1In one study, the cost of building and operating an artificial reef
construction system was estimated to be about $50 per ton, roughly double the
amount estimated by the study authors for more conventional waste disposal. Im
those situations where space constraints or other factors would substantially
increase the costs for conventional disposal, ocean disposal through reef
construction was seen as an economically viable option. See J.H. Parker,
P.M.J. Woodhead, and I.W. Dued all, "A Constructive Disposal Option for Coal
Wastes -- Artificial Reefs," in Proceedings of the Second Conference on

Management of Municipal, Hazardous, and Coal Wastes, S. Sengupta (Ed.),
September 1984, p. 134.

8 Arthur D. Little, p. 6-132. "Installed cost"™ of a liner (expressed in
terms of cost per ton of disposed waste) refers to the increase in the cost of
disposing of one ton of waste as a result of adding a liner to an unlined
landfill or surface impoundment.

9 1Ibid. The costs in the Arthur D. Little report were presented for an
18-inch clay liner. Costs were doubled to approximate the costs for installing
a 36-inch clay liner, which is currently a more common practice. The dollar
per ton estimate was derived by multiplying total capital costs by a 14.5
percent capital recovery factor to determine annual capital charges. Assuming
that a 500 Mw power plant has a 45 acre landfill disposal site, total capital
charges would range from $945,000 to $3.4 million, or about $140,000 to
$490,000 in annualized charges. Assuming that a 500 Mw power plant would need
a 145-acre wet surface impoundment, total costs would range from $3.0 to $10.9
million, or $440,000 to $1.6 million in annualized costs. These annualized
charges were then divided by the amount of waste produced annually by a 500 Mw
power plant with no FGD process, (i.e., 192,500 tons) to determine the dollar
per ton cost. This approach is used throughout the report to calculate dollar
per ton estimates. See Appendix G for more detail on this methodology.

10

Ibid. For landfills, total installed costs would range from $1.9 to
$5.1 million per plant, assuming a 45-acre disposal site. Annual costs would
range from about $280,000 to $740,000. Based on 192,500 tons of waste, the
cost is $1.45-83.85 per ton. For ponds (i.e., impoundments), total installed
costs would be $6.2-516.4 million, or $900,000-52.4 million annualized. Omn a
dollar per ton basis, this range is $4.70-§12.35.

AL Ibid. For landfills total installed costs would range from $2.7-$5.5
million, or about $385,000-$800,000 in annual costs per ton. This corresponds
to $2.00-54.15 per ton. Total installed costs for ponding operations are
$8.6-517.8 million, or $1.2-$2.6 million annualized. This corresponds to
$6.45-$13 .45 per ton.

12 Ibid.

Total capital costs for landfills of $3.0 to $5.0 million correspond
to annual charges of about $430,000 to $720,000. Assuming 192,500 tons of
waste, the per ton cost is $2.25 to $3.75. Using the same approach to derive
disposal costs at a l45-acre lined impoundment yields $7.20 to $12.00 per ton.



1% A waste management unit is nmot subject to regulation under Section
264.1 if the Regional Administrator finds that the unit (1) is an engineered
structure, (2) does not receive or contain liquid waste or waste containing
free liquids, (3) was designed and is operated in such a way to exclude
liquids, precipitation, and other run-on and run-off (4) has both inner and
outer layers of containment enclosing the waste, (5) has a leak detection
system built into each containment layer, (6) will have continuing operation
and maintenance of these leak detection systems during its active life and
throughout the closure and post-closure care periods, and (7) is constructed in
such a way that, to a reasonable degree of certainty, hazardous constituents
will not migrate beyond the outer containment layer prior to the end of the
post-closure care period. (40 CFR 264.90(b) (vii).

15 see 40 CFR 246.143.

15 These specified wastes are liquid hazardous wastes that have a pH less
than or equal to 2.0 and/or (1) free cyanides at concentrations greater than or
equal to 1,000 mg/l, (2) arsenic and/or arsenical compounds at concentrations
greater than or equal to 500 mg/l, (3) cadmium and/or cadmium compounds at
concentrations greater than or equal to 100 mg/l, (4) chromium and/or chromium
compounds at concentrations greater than or equal to 500 mg/l (5) lead and/or
lead compounds at concentrations greater than or equal to 500 mg/l, (6) nickel
and/or nickel compounds at concentrations greater than or equal to 134 mg/1,
(7) mercury and/or mercury compounds at concentrations greater than or equal to
20 mg/l, (8) selenium and/or selenium compounds at concentrations greater than
or equal to 100 mg/l, (9) thallium and/or thallium compounds at concentrations
greater than or equal to 130 mg/l, (10) polychlorinated biphenyls at
concentrations greater than or equal to 50 mg/l, (11) halogenated organic
compounds at concentrations greater than or equal to 1,000 mg/kg.

W Envirosphere Company, "Report on the Costs of Utility Ash and FGD Waste
Disposal®™, in USWAG, Report and Technical Studies on the Disposal and
Utilization of Fossil-Fuel Combustion By-Products, October 19, 1982, p. 21,

Appendix F, part 2. Dollar per ton estimates were determined by calculatlng
annual costs ($721,000 x 14.5 percent capital recovery factor = $104,500). The
capital recovery factor was applied to all costs since a breakdown of different
types of costs required for a Part B permit was not available.

18

Ibid, p. 18.

13 Assuming a 145-acre impoundment site, costs would be about $107,000.
On a per ton basis, this corresponds to about $0.55. For a 45-acre landfill
with costs of $1100 per acre, total costs would be about $50,000, for a per ton
cost of $0.25.

<0 Envirosphere, in USWAG, Appendix F, Part 2, p. 27, 32.

=% Arthur D. Little, p. 6-133. On an annualized basis, capital costs
would range from about $2,650 to $3,550.



22 Envirosphere Company, in USWAG, Appendix F, Part 2, p. 37.
Envirosphere estimated that about four wells, one upgradient from the site and
three downgradient, would be required for each 100 acre disposal site (or about
six wells for a site of 145 acres) at a capital cost of approximately $6,000
per well. Total capital costs for six wells would be $36,000, which is about
$5,200 on an annualized basis. It was assumed that the wells would be sampled
quarterly the first year, then semi-annually thereafter., The operation
and maintenance costs would average about $2,500 to $3,000 per well, for
facility costs (assuming six wells) of $15,000 to $18,000 per year. Total
annualized costs, therefore, would range from $20,200 to $23,200, or $0.10 to
$0.12 per ton of waste disposed.

#3 For a more complete discussion, see ICF Incorporated, Liner Location
Risk and Cost Analysis Model, Draft Phase II Report, Appendix F-2, Office of
Solid Waste, U.S, Environmental Protection Agency, March 1987.

25 The cost equation on which this cost estimate is based was developed
for typical RCRA Subtitle C landfills. Since these facilities tend to be much
smaller than the size of utility disposal areas, extrapolating the cost
equation for larger sizes may introduce some errors. Nevertheless, these cost
estimates do indicate the approximate magnitude of corrective action costs that
would likely be incurred.

23 Econometric Research, "The Economic Costs of Potential RCRA Regulations
Applied to Existing Coal-Fired Electric Utility Boilers," in USWAG, Report and
Technical Studies on the Disposal and Utilization of Fossil-Fuel Combustion
By-Products, October 26, 1982, p. 15, Appendix F, part 1.

26

Ibid, p. 15.

24 Ibid, p. 18, On a per acre basis, total annual costs range from $6,700
to $19,600 for surface impoundments and $9,000 to $21,000 for landfills. For a
145-acre impoundment, this corresponds to $1.0 to $2.8 million in total annual
costs, or $5.00 to $14.75 per ton of waste. For landfills the per ton cost
would be $2.10 to $4.90 based on total annual costs of $0.4 to $0.9 million.

28 See Administrative Procedure Act, U.S. Code 5 Sec. part 551,

=9 1bid, see pages 26 and 31 of the Econometric report for all closure
costs.

30

For further discussion of the potential magnitude of these costs, see
ICF Incorporated, Flexible Regulatory and Enforcemeunt Policies for Corrective
Action, prepared for U.S. Environmental Protection Agency, September 12, 1985,

53

Econometric Research, in USWAG, Appendix F, Part 1, p. 15. Econometric
Research used capital costs for disposal of about $5.20 per ton of waste
produced over a 20-year life of the facility for synthetic liners and about
$8.10 per ton for clay liners, plus about $0.06 per ton per year for operation
and maintenance costs. Total initial capital outlays would then be $104 per
ton ($5.20 per ton times 20 years) for synthetic liners, or about $15.08 per
ton on an annualized basis, and $162 per ton ($8.10 per ton times 20 years) for
clay liners, or $23.49 per ton on an annualized basis. With the addition of



the $0.06 per ton for operation and maintenance costs, total costs would range
from $15.14 per ton for synthetic liners and $23.55 per ton for clay liners for
each ton of waste produced annually.

32 Ibid., p. 27. Total capital costs for existing power plants were
assumed to be $2.1 billion for single synthetic liners and $3.2 billion for
single clay liners. Since these cost estimates were based on a universe of 412
power plants, costs were adjusted upward by 514/412 to approximate total
industry costs for the number of power plants estimated at the time of this

study -- 514 power plants. This adjustment was made for all industry-wide
costs cited from the USWAG report.

=3 Ibid., p. 32.

34

Ibid., p. 18. Econometric Research, Inc., calculated that disposal
costs for an impoundment with a single synthetic liner were about $0.95 per ton
of waste over the life of the facility and about $1.50 per ton of waste for
clay-lined impoundments. For a plant generating 192,500 tons each year for 20
years (or 3.85 million tons), that corresponds to 3.85 million toms x $0.95 per
ton = $3.7 million for an impoundment with a single synthetic liner (or about
$19 per ton based on $3.7 million divided by 192,500 tons of waste annually)
and 3.85 million tons x $1.50 per ton = $5.8 million for an impoundment with a
single clay liner (or about $30 for each ton of waste disposed in a year).

33 Ibid, p. 26. The costs in the USWAG report were adjusted by 514/412 to
account for the 514 power plants estimated at the time of this study compared
to the 412 power plants assumed in the USWAG report,

38 . A

hi Ibid, p. 18. The double synthetic liner disposal system averages about
§1.45 per ton over the life of the facility and a system with one synthetic
liner and one clay liner costs about $1.80 per ton. At 3.85 million tons of
waste over a 20 year facility life, that is $5.6 million for a double synthetic
liner (or about $29 for each ton disposed in a year). For a combination
synthetic/clay liner system, 3.85 million tons x $1.80 per ton = $6.9 million
(or about $36 per ton).

¥ 7hid. p. 96,

s ICF Incorporated, 1985 Survey of Selected Firms In The Commercial
Hazardous Waste Management Industry, Prepared for U.S. Environmental Protection

Agency, November 6, 1986.
40

Ibid.

4 To develop a cost estimate for landfills constructed with eclay/

synthetic double liners, the ratio of the cost of single clay and synthetic
liners at landfills in Exhibit 6-7 to the cost of single clay and synthetic
liners at surface impoundments was multiplied by the cost of clay/synthetic
liners at surface impoundments,



a The costs to close and cap existing facilities have been included in
this estimate, while corrective action costs have not been included. Although
closure costs will be incurred eventually by the industry, in most cases they
would not be incurred for many years to come. To be conservative, EPA has
included closure costs as part of potential RCRA Subtitle C compliance costs.

as Envirosphere Company, "Economic Analysis of Impact of RCRA On Coal
Combustion By-Products Utilization." In USWAG, Report and Technical Studies On

the Disposal and Utilization of Fossil-Fuel Combustion By-Products, October 26,
1982, Appendix G.

5 Envirosphere Company, in USWAG, Appendix G. The costs in Exhibit 6-8
are based on estimated impacts between 1984 and 2000 and adjusted by a capital
recovery factor of 14.5 percent to annualize the costs (total capital
requirements were not identified). It was estimated that about 203 million
tons of coal combustion by-products would be used over this period, with a
similar amount used on-site by the utilities. That is, the costs assume that
the amount of by-products utilized would have increased over time.

A Ibid., p. 89. Total ash generation in 2000 was assumed to be 169.5
million tons, with about 27.3 million tons utilized and therefore, 142.2
million tons destined for disposal areas. Utilization was estimated to decline
about 11.5 million tons, so the total amount of waste to be disposed would
increase to 153.7 million toms,

3 Ibid.

i Ibid., p. 91. Total utilization was assumed to decline by about 20.3
million tons in 2000. Therefore, the total amount of waste disposed would
increase from 142.2 million toms to 162.5 milliom tons.
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Ibid.

3 Total utilization was assumed to be 27.3 million toms in 2000, thereby

increasing total disposal volume from 142.2 million tons to 169.5 million toms.

i Envirosphere Company, in USWAG, Appendix G, p. 93.

3 To estimate the potential impact of alternative disposal practices on
electricity generation costs, the first step was to calculate the approximate
portion of generation costs due to current basic disposal practices. Current
basic disposal practices for coal-fired utility wastes were assumed to be
disposal in either an unlined pond or landfill, although other practices are
sometimes followed. Generation costs for a typical coal- and gas-fired power
plant are shown to indicate the relative competitiveness of these two fuels
when current disposal practices for coal-fired utility wastes are followed.
See Appendix G for a detailed discussion of the assumptions used to determine
these generation costs.



Capital costs are not included in the cost estimates for existing power
plants because these are "sunk" costs, i.e., they have already been spent. As
a result, the percentage impact on total generation costs at existing power
plants is larger because the cost base is smaller compared to future power
plants.

23 Baseload refers to power plants that are operated as much as possible

to maximize the amount of electricity these plants can generate. For this
analysis a baseload power plant is assumed to operate 70 percent of the time.

o The generation costs in Exhibit 6-9 are intended to be representative
of typical power plants. However, the actual cost of generation and the
relative competitiveness between coal and gas depends on many factors,
including plant size, utilization rate, and delivered fuel cost.

30 This price range is only intended to illustrate the approximate range
at which oil becomes competitive with coal at existing power plants. The
actual level at which coal might begin to lose market share depends on many
factors, including relative price differentials, fuel availability, gas prices
vis-a-vis o0il prices, types of power plants (i.e., overall plant efficiency),
ete.






CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATTONS

This chapter concludes the Environmental Protection Agency’s Report to
Congress on fossil fuel combustion wastes. Pursuant to the requirements of
Section 8002(n) of the Resource Conservation and Recovery Act (RCRA), the
Report addresses the nature and volumes of coal combustion wastes, the
environmental and human health effects of the disposal of coal combustion
wastes, present disposal and utilization practices, and the costs and economic
impacts of employing alternative disposal and utilization techniques. A
statement of the scope of the report and a summary of the report's findings

are presented below, followed by the Agency’s recommendations.

7.1 SCOPE OF REPORT

As discussed in Chapter One; this Report to Congress covers the generation
of coal-fired combustion wastes by the electric utility industry. Other
fossil fuel combustion wastes not discussed in this report include coal, oil
and gas combustion wastes from other industries and oil and gas combustion
wastes from electric utilities. Overall, coal combustion by electric
utilities accounts for approximately 90 percent of all fossil fuel combustion
wastes that are produced. Moreover, this percentage is likely to increase in
the future since coal consumption by the electric utility industry is expected
to increase substantially while coal use by other sectors remains relatively

constant. Electric utility coal consumption will grow as new coal-fired power
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plants are constructed to meet increasing electricity requirements in the

United States.

7.2 SUMMARY OF REPORT

The Agency’s conclusions from the information presented in this report are
summarized under seven major groupings paralleling the organization of the
report: 1) Location and Characteristics of Coal-Fired Power Plants, 2) Waste
Quantities and Characteristics, 3) Waste Management Practices, 4) Potential
Hazardous Characteristics, 5) Evidence of Environmental Transport of
Potentially Hazardous Constituents, 6) Evidence of Damage, and 7) Potential

Costs of Regulationm.

7.2.1 location and Characteristics of Coal-Fired Power Plants

1 There are about 500 power plant sites in the United States that

consume coal to generate electricity. Each power plant may be the

location for more than one generating unit; at these 500 power plants

there are nearly 1400 generating units.

2. The size of coal-fired power plants can vary greatly. The size of a

power plant is typically measured by the number of megawatts (Mw) of
generating capacity. Coal-fired power plants can range in size from

less than 50 Mw to larger than 3000 Mw.
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Coal-fired power plants are located throughout the United States.

Coal is used to generate electricity in every EPA region; almost

every state has some coal-fired generating capacity.

More coal-fired power plants will be built as the demand for

electricity increases. Coal is a fuel often used by the electric
utility industry to generate power. This reliance on coal is
unlikely to change for many years to come in the absence of greatly

increased costs for coal-fired electricity.

Coal-fired power plants are located in areas of widely-varving

population density. Some power plants are located in remote rural
areas, whereas others are located in urban environments. They are
usually, although not always, located at least a couple of kilometers
from major population concentrations. In general they are located

near a major body of surface water such as a lake, river, or stream.

7.2.2. Waste Quantities and Characteristics

The amount of wastes generated annuallyv bv coal-fired power plants is

large by any standard. About 84 million tons of high-volume wastes

-- fly ash, bottom ash, boiler slag, and FGD sludge -- are generated
annually. The total amount of low-volume wastes generated from
equipment maintenance and cleaning operations is not known precisely,

but is also substantial.
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Quantities of waste produced will increase significantly as more

electricity is generated by coal. The amount of high-volume wastes

produced annually could double by the year 2000. In particular, the
amount of FGD sludge produced will triple (to about 50 million tons)
as newly-constructed power plants install FGD equipment to remove

sulfur dioxide from the flue gases.

Coal combustion wastes are a common by-product from the generation of
electricity. The noncombustible materials are present in the coal as
a result of geologic processes and mining techniques. Given current
technologies for generating electricity, wastes from coal combustion

will continue to be produced in significant quantities.

High-volume coal combustion wastes do contain elements that in

sufficient concentrations can pose a potential danger to human health

and the environment. Most elements in coal are not hazardous.
However, trace elements typically found in coal become concentrated
as a result of the combustion process. Certain elements known to

pose health risks can be found in the wastes at hazardous levels.

Although most low-volume wastes do not appear to be hazardous, there

are some waste streams from cleaning that could potentially be

hazardous. The waste streams of most concern are water-side boiler
cleaning solutions, which may be corrosive or toxic. Because the
amount and type of low-volume wastes produced can vary substantially
from one power plant to the next, not as much is known about

low-volume wastes compared to high-volume wastes.
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7.2.3 Waste Management Practices

Most coal combustion wastes are typically disposed in landfills or

surface impoundments, with recent trends toward increased reliance omn

landfills. Although some disposal does occur off-site, most wastes
are disposed on-site; it is likely that most power plants built in

the future will dispose on-site in a landfill.

Typical industry practice is to co-dispose low-volume wastes with

high-volume wastes or, in some instances, to burn the low-volume

wastes in the utility boiler. There are many other types of waste

management practices that are also used to alter the physical and
chemical characteristics of low-volume wastes prior to disposal.
These practices vary widely from plant to plant. There are no
reliable data sources that accurately describe the types of

low-volume disposal practices used at each power plant.

The potential for increased waste utilization as a solution to waste

management in the utility industry appears to be limited. About 21

percent of all high-volume wastes are currently recycled; some
opportunities appear to exist to increase utilization, but not in a

major way.

Coal combustion wastes are tvpically repulated under state solid

waste laws, which treat these wastes as non-hazardous materials. The
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extent of state regulation can vary significantly from one state to

another.

Many waste management practices applied to hazardous waste in other

industries, such as liners, have only seen limited use for coal

combustion waste management. In recent years. some of these

practices. including liners and leachate collection systems, have

become more common. There is an increasing tendency to manage coal
combustion wastes by disposing on-site (at the power plant) in

landfills.

There are few major innovations under development that would lead to

major changes in waste management practices.

7.2.4 Potential Hazardous Characteristics

1.

The RCRA hazardous characteristics of most concern are corrosivity
and EP toxicity. Coal combustion wastes are generally not ignitable

or reactive.

Most waste streams would not be considered corrosive under RCRA

definitions. Only aqueous wastes, which most coal combustion wastes
are not, are considered corrosive under RCRA. There are some aqueous
coal combustion waste streams that are very near corrosive levels,
particularly low volume wastes such as boiler blowdown or coal pile
runoff. In some instances, boiler cleaning wastes may be corrosive,

particularly those that are hydrochloric acid-based.
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Coal combustion wastes generally are not EP toxic., although there are

some exceptions. It is rare for coal combustion wastes to fail the
EP test (or the TCLP test developed more recently). Extract
concentrations in excess of 100 times the Primary Drinking Water
Standards have been found only for the elements cadmium, chromium,
and arsenic from some FGD sludges and coal ash samples, although
these levels are quite rare -- average levels are substantially below

100 times the PDWS.

There are insufficient data to determine a priori which waste streams

at a power plant will exhibit RCRA hazardous characteristics.

Accurate determinations could only be made if site-specific analyses

were conducted.

7.2.5 Evidence of Envirommental Transport of Potentially Hazardous

Constituents.

Migration of potentially hazardous constituents has occurred from

coal combustion waste sites. From the limited data available,

exceedances of the Primary Drinking Water Standards have been
observed in the ground water for several elements, including cadmium,

chromium, lead, selenium, and arsenic,

Ground-water contamination does not appear to be widespread. Only a

few percent of all ground-water quality observations indicate that a

PDWS exceedance has occurred, although many utility waste management
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sites at which ground-water monitoring has been done have had at
least one exceedance. However, the observed contamination may not
necessarily be chronic since sites at which exceedances have been

noted do not consistently register in excess of the PDWS.

When ground-water contamination does occur., the magnitude of the

exceedance is generally not large. Most PDWS exceedances tend to be
no more than 10 or 20 times the PDWS, although a few observations

greater than 100 times the PDWS have been noted.

Human populations are generally not directly exposed to the

groundwater in the vicinity of utility coal combustion waste

management sites. Public drinking water intakes are usually at least
a few kilometers away. Also, most power plants are located near
surface water bodies that dilute the concentration of any elements

found in the ground water.

Because high-volume and low-volume waste streams are often

co-disposed, it cannot be determined if one specific waste stream was

the source of contamination.

The ground-water quality information on which this evidence is based

is limited. Data were only available from a small number of utility
waste management sites; no comprehensive database on ground-water
contamination potentially attributable to coal combustion wastes

exists.
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7.2_.6 Evidence of Damage

There are few cases considered to be documented evidence of damage

from coal combustion wastes. Among these cases there is some dispute

whether any observed damage can be attributed to the utility waste

management facility.

Damage cases are dominated by chronic incidents (seepage. periodic

runoff) as opposed to catastrophic incidents (sudden releases,

spills), although one documented damage case was due to structural

failure of a surface impoundment.

Documented damage typically involves physical or chemical degradation

of ground water or surface water. including fish kills or reduction

in biota, but seldom involves direct effects on human health because

the water is mot consumed for drinking water purposes. Much of the

damage has occurred in the immediate vicinity of the waste management
site; drinking water intakes are generally far enough away such that
any contaminated water is not being directly used for human

consumption.

7.2.7 Potential Costs of Regulation

If additional regulations are promulgated for utility waste

management, the total costs incurred by the industry could vary

considerably depending on the extent of the additional regulations.
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For example, total annual costs to install and operate ground-water
monitoring systems would be unlikely to exceed $10 million. On the
other hand, total annual costs for the industry could approach $5
billion if all existing facilities were capped and closed and new
facilities were constructed with liners, leachate collection systems,
flood protection, and ground-water monitoring. (Corrective action
costs, such as excavating all existing facilities for removal of the
wastes to RCRA Subtitle C facilities, are not included in this

estimate; such costs would be extremely high.)

Regulation of utility coal combustion wastes under full RCRA Subtitle
C requirements could halt all recycling of coal combustion wastes if

recycling was also subject to Subtitle C requirements. Total costs

to the industry could approach $2.4 billion annually. If recycled
wastes were not subject to Subtitle C disposal requirements, it is
possible the amount of recycling could increase as the utility
industry increased waste utilization to avoid full Subfitle (¥

disposal costs.

The costs to the utility industry for full RCRA Subtitle C compliance
could decrease the amount of coal consumed in coal-fired power
plants. The costs of generating electricity with coal could increase
by several percent (depending on the extent of additional
regulations), making it economic to generate electricity with other
fuels. These impacts could be felt in two ways: 1) lower coal
consumption at existing power plants and 2) construction of fewer

coal-fired power plants in the future.
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7.3 RECOMMENDATIONS

Based on the findings from this Report to Congress, this section presents
the Agency's preliminary recommendations for those wastes included in the
scope of this study. The recommendations are subject to change based on
continuing consultations with other government agencies and new information
submitted through the public hearings and comments on this report. Pursuant
to the process outlined in RCRA 3001(b)(3)(C), EPA will announce its
regulatory determination within six months after submitting this report to

Congress.

First, EPA has concluded that coal combustion waste streams generally do

not exhibit hazardous characteristics under current RCRA regulations. EPA

does not intend to re ate under Subtitle C fly ash. bottom ash, boiler sla
and flue gas desulfurization wastes, EPA's tentative conclusion is that
current waste management practices appear to be adequate for protecting human
health and the environment. The Agency prefers that these wastés remain under
Subtitle D authority. EPA will use section 7003 of RCRA and sections 104 and
106 of CERCLA to seek relief in any cases where wastes from coal combustion
waste disposal sites pose substantial threats or imminent hazards to human
health and the environment. Coal combustion waste problems can also be
addressed under RCRA Section 7002, which authorizes citizen lawsuits for

vicolations of Subtitle D requirements in 40 CFR Part 257.

Second, EPA is concerned that several other wastes from coal-fired

utilities may exhibit the hazardous characteristics of corrosivity or EP

toxicity and merit repulation under Subtitle C. EPA intends to consider
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whether these waste streams should be regulated under Subtitle C of RCRA based

on further study and information obtained during the public comment period.

The waste streams of most concern appear to be those produced during equipment
maintenance and water purification, such as metal and boiler cleaning wastes.
The information available to the Agency at this time does not allow EPA to
determine the exact quantity of coal combustion wastes that may exhibit RCRA
Subtitle C characteristics. However, sufficient information does exist to
indicate that some equipment maintenance and water purification wastes do
occasionally exhibit RCRA hazardous characteristics, and therefore, may pose a
danger to human health and the environment. These wastes are similar to
wastes produced by other industries that are subject to Subtitle C regulation,
and waste management practices for coal combustion wastes are often similar to
waste management practices employed by other industries. EPA is considering
removing the exemption for all coal-fired utility wastes other than those
identified in thg first recommendation. The effect would be to apply Subtitle
C regulation to any of those wastes that are hazardous by the RCRA
characteristic tests. EPA believes there are various treatment.options
available for these wastes that would render them nonhazardous without major

costs or disruptions to the utilities.

Third, EPA encourages the utilization of coal combustion wastes as one

method for reducing the amount of these wastes that need to be disposed to the

extent such utilization can be done in an envirommentally safe manner. From

the information available to the Agency at this time, current waste
utilization practices appear to be done in an environmentally safe manner.
The Agency supports voluntary efforts by industry to investipate additional

possibilities for utilizing coal combustion wastes.
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Through its own analysis, evaluation of public comments, and consultation
with other agencies, the Agency will reach a regulatory determination within
six months of submission of this Report to Congr-ess. In so doing, it will
consider and evaluate a broad range of management control options consistent
with protecting human health and the environment. Moreover, if the Agency
determines that Subtitle C regulation is warranted, in accordance with Section
3004 (x) EPA will take into account the "special characteristics of such waste,
the practical difficulties associated with implementation of such
requirements, and site-specific characteristies . , .," and will comply with

the requirements of Executive Orders 12291 and 12498 and the Regulatory

Flexibility Act.






