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THE ADMINISTRATOR

Honorable George Bush
President of the Senate
Washington, D.C. 20510

Dear Mr. President:

I am pleased to transmit the Report to Congress on
Wastes from the Combustion of Coal by Electric Utility
Power Plants. The report presents the results of
studies carried out pursuant to Section 8002(n) of
the Resource Conservation and Recovery Act of 1976 as
amended (42 U.S.C. Section 6982(n)).

The report provides a comprehensive assessment of the
management of solid wastes generated by the combustion of
coal from electric utility power plants. These wastes
account for approximately 90 percent of all wastes
generated from the combustion of fossil fuels. The
principal waste categories covered include fly ash,
bottom ash, boiler slag and flue gas emission control
waste.

The report and appendices are transmitted in two
separate volumes,

Sincerely.

Lee M. Thomas

Enclosure
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THE ADMINISTRATOR

Honorable James C. Wright
Speaker of the House

of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

I am pleased to transmit the Report to Congress on
Wastes from the Combustion of Coal by Electric Utility
Power Plants. The report presents the results of
studies carried out pursuant to Section 8002(n) of
the Resource Conservation and Recovery Act of 1976 as
amended (42 U.S.C. Section 6982(n)).

The report provides a comprehensive assessment of the
management of solid wastes generated by the combustion of
coal from electric utility power plants. These wastes
account for approximately 90 percent of all wastes
generated from the combustion of fossil fuels. The
principal waste categories covered include £fly ash,
bottom ash, boiler slag and flue gas emission control
waste.

The report and appendices are transmitted in two
separate volumes.

Sincerely,
~
‘Ji S —

\
Lee M. Thomas

Enclosure
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WASHINGTON, D.C. 20460

*.
¢ YR UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
§

JAN 1 3 1981 OFFICE OF WATER
AND WASTE MANAGEMENT
Mr. Paul Emler, Jr.
Chairman
Utility Solid Waste Activities
Group
Suite 700

1111 Nineteenth Street, N.W.
Washington, D.C. 20036

Dear Mr. Emler:

This is a response to your letter of October 10, 1980 to
Administrator Costle, regarding the recent Solid Waste Disposal
Act Amendments of 1980 and their relation to the electric utility
industry. In your letter and its accompanying document, you
discussed the specific amendments which address fossil fuel
conbustion wastes, and suggested interpretive language which
EPA should adopt in carrying out the mandate of the amendments.
You requested a meeting with our staff to make us more fully
aware of the solid waste management practices of the electric
utility industry, and to discuss the effect of the amendma2nts on
the atility solid waste study which EPA is currently conducting.

I appreciated the opportunity to meet with you, in your
capacity as chairman of the Utility Solid Waste Activities
Group (USWAG), on November 21 to discuss your concerns. I
am taking this occasion to share with you the most recent EPA
thinking on the exclusion f£from our hazardous waste management
regulations of waste generated by the combustion of fossil
fuels, and to confirm certain agreements which were reached
during our meeting. The language contained in this letter
should provide you and your constituents with an adequate
interpretation of the fossil fuel combustion waste exclusion
in Section 261.4(b)(4) of our requlations. This letter is
also being circulated to appropriate Agency personnel, such
as our Regional Directors of Enforcement, for their information
and use. We intend to issue in the Federal Register an official
Regulations Interpretation Memorandum reflecting the policies
articulated in this letter.

In our May 19, 1980 hazardous waste management regulations,
we published an exclusion from Subtitle C regulation for those
fossil fuel combustion wastes which were the subject of then
pending Congressional amendments. The language of that exclusion
in §261.4(b)(4) of our May 19 regqulations is identical to per-
tinent language of Section 7 of the Solid Waste Disposal Act
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requlations. We clearly explained in the preamble to Part

261 of our May 19 regulations that we fully intend to even-
tually regulate the use and recycling of hazardous wastes and,
in doing so, would probably, in most cases, develop special
requirements that provide adequate protection of human health
and the environment without unwarranted discouragement of
resource conservation. Consequently, although the burning of
hazardous waste as a fuel (a beneficial use assuming that the
waste has a positive fuel value) is not now subject to our
requlations (except as noted above) it may well be subject to

our regulation in the future,

Our second concern with combustion of fuel mixtures is the
one at focus in this interpretation. It must first be noted
that we do not intend for §261.6 to provide an exemption from
requlation for combustion wastes resulting from the burning of
hazardous wastes in combination with fossil fuels; it only
provides an exemption for the actual burning of hazardous wastes
for recovery of fuel value. Thus, if these combustion wastes
are exempted from our regulation, such exemption must be
found through interpretation of §261.4(b)(4). Secondly, we
note that although the pertinent language in Section 7 of the
501lid Waste Disposal Act Amendments of 1980 and the related
legislative history on this matter speak of allowing the burning
of alternative fuel without precisely defining or delineating
the types of alternative fuel, the only examples of alternative
fuels used in the legislative history are refuse derived fuels.
Therefore, a literal reading of the legislative history might
enable us to interpret the exclusion to include combustion
wastes resulting from the burning of fossil fuels and other
fuels, including hazardous wastes, However, since each of these
legislative comments was made in the context of refuse derived
fuels or other non-hazardous alternate fuels, we do not believe
the Congressional intent compels us to make such an interpretation
if we have reason to believe that such combustion wastes are

hazardous.

Presently, we have little data on whether or to what extent
combustion wastes are "contaminated" by the burning of fossil
fuel/hazardous waste mixtures. The data we do have (e.g., burning
of waste o0ils) suggests that the hazardous waste could contribute
toxic heavy metal contaminants to such combustion wastes. When
coal is the primary fuel, the amount of resulting contamination
is probably in amounts that are not significantly different than
the metals that would be contributed by the fossil fuel component
of the fuel mixture. This may not be the case with o0il and gas,
where huge volumes of waste are not available to provide a dilution
effect., We suspect that the other hazardous constituents of the
hazardous wastes that typically would be burned as a fuel are
either thermally destroyed or are emitted in the flue gas (and
therefore are part of our first concern as discussed above). If
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these data and this presumption are true, then combustion wastzs
resulting f£-om the burning of coal/hazardous waste mixtures should
not be significantly different in composition than combustion wastes
generated by the burning of coal alone. Because the Congress has
seen fit to exclude the latter wastes from Subtitle C, pending more
study, we feel compelled to provide the same exclusion to the

former wastes,

Accordingly, we will interpret the exclusion of §261.4(b)(4)
to include fly ash, bottom ash, boiler slag and £flue gas emission
control wastes generated in the combustion of coal/hazardous
waste mixtures provided that coal makes up more than 50 percent
of the fuel mixture,

We offer this interpretation with great reluctance and
with the clear understanding it is subject to change, if and
when data indicate that combustion wastes are significantly
contaninated by the burning of hazardous wastes as fuel, e
also of£f2r this interpretation with the understanding, as dis-
cussed at our meeting of November 21, that the utility industry
will work with us over the next several months to improve our
3data on this matter. We believe it is essential that we make
a more informed judgement and possible reconsideration of our
interpretation of the exclusion as soon as possible and before
completion of our longer-term study of utility waste which is
sroceeding., Accordingly, we would like you to prowvide to us
all available data on the following guestions by August 1, 1981:

1. What types of hazardous wastes are commonly burned as
fuels in utility boilers? 1In what quantity? In what
ratio to fossil fuels? How often? What is their BTYU

content?

2. Does the burning of these wastes contribute hazardous
constituents (see Appendix VIII of Part 261 of our
regulations) to any of the combustion wastes? If so,
what constituents, and in what amounts? How does the
composition of combustion wastes change when hazardous

wastes are burned?

Co~-disposal and Co-treatment

The second issue raised in your letter was whether the
exclusion extends to wastes produced in conjunction with the
burning of fossil fuels which are co-disposed or co-treated
with fly ash, bottom ash, boiler slag and flue gas emission
control wastes. As examples of such wastes, you specifically
mention boiler cleaning solutions, boiler blowdown, demineralizer
regenerant, pyrites, cooling tower blowdown, or any "wastes of
power plant origin whose co-treatment with fly ash, bottom
ash, slag and flue gas emission control sludges is regulated
under State-or-EPA-sanctioned management or treatmeht plans.”



The legislative history on this matter clearly indicates
that the Congress intended that these other wastes be exempted
from Subtitle C regulation provided that they are mixed with
and co-disposed or co-treated with the combustion wastes and
further provided that "there is no evidence of any substantial
environmental danger from these mixtures." (See Congressional
Record, February 20, 1980, p. H 1102, remarks of Congressman
Bevill; also see remarks of Congressman Rahall, Congressional
Record, February 20, 1980, p. H1104.)

We have very little data on the composition, character
and guantity of these other associated wastes (those cited above),
but the data we do have suggest that they are generated in
small guantities relative to combustion wastes, at least when
coal is the fuel, and that they primarily contain the sanme
heavy metal contaminants as the combustion wastes, although
they may have a signficantly different pH than the combustion
wastes, These limited data therefore suggest that, when these
other wastes are nixed with and co-disposed or co-treated with
the much larger guantities of combustion wastes, their composition
and character are "masked" by the composition and character of
the combustion wastes; that is, they do not significantly
alter the hazardous character, if any, of the combustion wastes,

Siven this information base and given the absence of
definitive information indicating that these other wastes do
p0se & "substantial danger" to human health or the environment,
we believe it is appropriate, in the light of Congressional
intent, to interpret the §261.4(b)(4) exclusion to include
other wastes that are generated in conjunction with the hurning
of fossil fuels and mixed with and co-disposed or co-treated

with £ly ash, bottom ash, boiler slag and £lue gas emission
control wastes.,

7e offer this interpretation with some reluctance because
it is made in the absence of definitive information about the
hazardous properties of these other wastes or their mixtures
with combustion wastes. We therefore believe it is imperative
that we proceed to collect all available data on this matter
within the next several months and reconsider this interpre-
tation when these data are assessed. Toward that end and
consistent with the discussion at our meeting of HNovember 21,
we are asking that you assist us in collecting these data.
Specifically, we ask that you collect and submit by August 1,
1981, any available data on the following questions:

1, What are the "other" wastes which are commonly mixed
with and co-disposed or co-treated with fly ash,
bottom ash, boiler slag or flue gas emission control
wastes? What are their physical (e.g., sludge or
ligquid) and chemical properties? Are they hazardous
wastes in accordance with Part 261? .
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2. What are the co-disposal or co-treatment methods
employed?

3. How ogtgn are these wastes generated? 1In what
quantities are they generated? Are they commonly
treated in any way before being co-disposed?

4. Does the industry possess any data on the environ-
mental effects of co-disposing of these wastes?
Groundwater monitoring data? What are the results?

The interpretation on other associated wastes provided in

this letter is limited to wastes that are generated in conjunction

with the burning of fossil fuels, ¥e do not intend to exempt
hazardous wastes that are generated by activities that are not
directly associated with fossil fuel combustion, steam genera-
tion or water cooling processes. Thus, for example, the
§261.4(b)(4) exclusion does not cover pesticides or herbicide
wastes; spent solvents, waste 0ils or other wastes that might
he generated in construction or mnaintenance activities typically
carried out at utility and industrial Jlants; or any of the
comiercial chemicals listed in §261.33 which are discarded or
intended to be discarded and therefcre are hazardous wastes,
Tarther, the exclusion does not cover any of the hazardous
wastes listed in §§261.31 or 261.32 of our requlations. None
of these listed wastes were mentioned in your letter or our

discussions,

The interoretation on other wastes is also limited to
wastes that traditionally have been and which actually are
mixed with and co-disposed or co-treata2d with combustion wastes.
If any of these other wastes (e.q., doiler cleaning solutions,
hoiler blowdown, demineralizer regenerant, nyrites and cooling
tower blowdown) are segregated and disposed of or treated
separately from combustion wastes and they are hazardous wastes,
they are not covered by the exclusion. In the same vein, the
exclusion does not cover other wastes where there are no
combustion wastes (or relatively small amounts of combustion
wastes) with which they might be mixed and co-disposed or
co-treated-~-a situation which might prevail where natural gas
or oil is the principal fossil fuel being used. Therefore,
this interpretation of the exclusion applies only where coal

is the primary fuel. We feel this is a legitimate interpretation
of Congressional intent, wherein the argument of little potential

environmental hazard, primarily due to the dilution factor,
is clearly based upon co-disposal or co-treatment with the
huge volumes of wastes generated during coal combustion.



EPA Utility Waste Study

The groups of guestions raised above bring us to the final
subject which you address concerning the study <f utility solid
waste management which EPA is conducting. We agree that the
study, as currently being conducted, does not focus on the
matters discussed in this letter. We would, however, like
to address these matters and include them in our report to
Ccongress, to the extent possible. To accomplish this, we plan
to meet in the very near future with cur contractor, Arthur D,
Little, Inc., to discuss what studies may need to be carried
2ut in addition to their currently planned activities under
the contract. The inputs of your organization could be quite
useful in this effort., It may be impossible, however, to
modify our present study to include a detailed investigation
of all of the issues discussed above.

Notwithstanding, we would like to address the matters
discussed in this letter within a shorter time frame--during
the next six months. B3Based on our meeting of November 21,
it is my understanding that the utility industry, working
closely with EPA, is willing to develop data on the gquestions
put forth above. We agreed that, as a first step, USWAG will
prepare a study outline designed to obtain these data. EPA
st2f£f and industry representatives designated by your organiza-
tion will then mutually review the information needs. The
data collection effort will then follow. Ffinally, data and
analyses will ne presented to EPA for review. This will enable
us to reconsider the interpretation provided in this letter
and make any changes deemed necessary. Therefore, I would
appreciate it if you would designate a technical representative
as USWAG's contact person for this coordinated data collection

effort.

in the meantime, and pending completion of this effort,
2PA will interpret 40 CFR §261.4(b)(4) to mean that the following
solid wast2s are not hazardous wastes:

(a) Fly ash, bottom ash, boiler slag and flue gas
emission control wastes resulting from (1) the
combustion solely of coal, ©0il, or natural gas,
(2) the combustion of any mixture of these
fossil fuels, or (3) the combustion of any
mixture of coal and other fuels, up to a 50
percent mixture of such other fuels,

(b) Wastes produced in conjunction with the combus-
tion of fossil fuels, which are necessarily
associated with the production of energy, and
which traditionally have been, and which actually
are, mixed with and co-disposed or co-treated
with fly ash, bottom ash, boiler slag, or flue
gas emission control wastes from coal combustion.



.3

~ g

D

wul
[VINFES

-
.l

o VTN o]
<

Ot
(7
[ @

® 'y 14

[

)

Nih{u O W

B2

0 <
O Lo

o

Tnis orovision includes, but is nct limi
the follcwing wastes:

(1)
(2)
(3)

(1)
(3)
noD

r
ign
ontk

woob

(3 €1 p+-th

boiler cleaning solutions,

boiler blowdown,

s b
- < e
cyrites, and
1
cnoling tower
.
N ] -t .
41 that ocur £u
& . P * -
24l &and thas
g « - <
ed Ms, Fenelop
~ H s =2
T fSor thig 2ff
A - - -
AS30c1ate
L4

e~

regenerant,

2iowdown.

QO ® ¢v v

-

W ot (b

(r D 1= ar

[ Y]

(S0

[N RS ]

—

QNN rr
[N

.

O w

p-a 1y

W
th



\KED ST4,,
\‘ 5‘&

o »aw\,y
,x

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C 20460

)~ AGenct
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DATE:
SUBJECT: EPA Regulation of Utility Waste

FROM: Steffen W. Plehn, Deputy Assistan

R. Sarah Compton, Deputy Assistant
Administrator for Water Enforceme

TO: Regional Directors --
Air and Hazardous Materials Division
Enforcement Division
Surveillance and Analysis Division
Offices of Regional Counsel (see list)
Director, National Enforcement Investigations Center

Attached is a copy of a letter which provides interpretation
of EPA's regulation of solid wastes from fossil fuel combustion.
This letter, addressed to Mr. Paul Emler of the Utility Solid
Waste Activities Group on January 13, 1981, interprets the
language contained in §261.4(b)(4) of the May 19, 1980 regulations
for Hazardous Waste Management, implementing Subtitle C of the
Resource Conservation and Recovery Act of 1976 (RCRA).

In those regulations, we published an exclusion from Subtitle C
regulation for those fossil fuel combustion wastes which were the
subject of then pending Congressional amendments. The language
of the exclusion in §261.4(b)(4) is identical to pertinent language
of Section 7 of the Solid Waste Disposal Act Amendments of 1980
(P.L. 96-482) which was enacted on October 21, 1980 and which
mandates that exclusion. Specifically the exclusion language of
our regulations provides that the following solid wastes are not
hazardous wastes:

"Fly ash waste, bottom ash waste, slag waste,
and flue gas emission control waste generated
primarily from the combustion of coal or other
fossil fuels."

In the January 13 letter, EPA interpreted this exclusion lan-
guage to mean that the following solid wastes are not hazardous
wastes:



(a) Fly ash, bottom ash, boiler slag and flue gas
emission control wastes resulting from (1) the
combustion solely of coal, oil, or natural gas,
(2) the combustion of any mixture of these
fossil fuels, or (3) the combustion of any
mixture of coal and other fuels, up to a 50
percent mixture of such other fuels.

(b) Wastes produced in conjunction with the combus-
tion of fossil fuels, which are necessarily
associated with the production of energy, and
which traditionally have been, and which actually
are, mixed with and co-disposed or co-treated
with fly ash, bottom ash, boiler slag, or flue
gas emission control wastes from coal combustion.

This provision includes, but is not limited to, the
following wastes:

(1) boiler cleaning solutions,
) boiler blowdown,

) demineralizer regenerant,
) pyrites, and

) cooling tower blowdown.

I~ e~
UG W

This exclusion from hazardous waste regulation applies only
until such time as EPA studies the environmental effects of
disposal of these wastes and makes a determination as to how they
should be managed. The utility industry will be assisting EPA
in the collection of such information. In the meantime, utility
waste is regulated as a solid waste, subject to RCRA Subtitle D

criteria.

After receipt of information from the utility industry,
our current interpretation of the fossil fuel combustion waste
deferral may be revised. In the meantime, however, the guidance
provided to Mr. Emler represents EPA's position on this issue.
I urge each of you to study carefully the details of and ration-
ale behind the guidance, and make the appropriate persons on
your staff aware of it. 1If you have any questions on this issue
or on the letter itself, please contact John Heffelfinger,
in the Office of Solid Waste, at (202) 755-9206.

Attachment
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METHODOLOGY FOR ESTIMATING VOLUME OF
ASH AND FGD SLUDGE GENERATION

The estimates of future ash and FGD sludge generation presented in Chapter
Three were derived based on assumptions regarding future coal consumption, the
amount of coal-fired capacity, the types of boilers in service, and
environmental regulations. Estimates were derived for 1985, 1990, 1995, and
2000. This appendix explains the key assumptions and methodology used to
develop the estimates of future ash and FGD sludge generation. The major
source used to develop these estimates was Analysis of 6 and 8 Million Ton and

0 year/NSPS and 30 Year/l b_Sulfur Dioxide on Reduction Cases

(prepared by ICF Incorporated for EPA, February 1986).1
B.1 ASH

The first step in developing estimates of the volume of ash generated by
coai-fired utilities was to detefmine for each coal-producing region in the
U.s. (seg Exhibit B-1) an average ash content of coal (on an as-shipped basis),
specified by rank, heat content, and volatility level. These average ash
contents are shown in Exhibit B-2. Next, these average values were multiplied
by the quantity of coal expected to be shipped from each coal-producing region,

using the following formula:

Ash Content of Coal (%) x Amount of Coal (Million Tons)
= Amount of Ash (Million Tons)
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EXHIBIT B-1

COAL-PRODUCING REGIONS OF THE UNITED STATES

Northwest Western Northern
. Great Plains Eastern Northern
Great Plains Central
West

Midwest

Appalachia

3 130 330 100
]

SCALE [V MILES
Shaded areas not incorporated
into coal supply regions
Northern Appalachia Central West Rockies
Pennsylvania, Central (PC) lowa (IA) Wyoming, Green River (WG)
Pennsyivania, West (PW) Missoun (MO) Colorado, Green River (CG)
Ohio (OH) Kansas (KS) Colorado, Denver (CD)
Maryland (MD) Arkansas, North (AN) Colorado. Raton (CR)
West Virginia, North (WN) Oklahoma (OK) golorado. Cina (CU)
Central Appslachia Guif -olorada, San Juan (CS)
West Virginia, South (WS) Texas (TX) Ltah, Central (UC)
Virginia (VA) Louisiana (LA) Luah, South (US)
Kentucky, East (KE) Arkansas South/Mississippi (AS) ~New Mexico, Raton (NR)
Tennesses (TN) Eastern Northern Great Plaing SOuthwest }
Southern Appalachia North Dakota (ND) New Mexico, San Juan (N§)
Alabama (AL) Montana. East (ME) Anzona (AZ)
Midwest Wastern Northern Great Plains N&""“.’“' W
lllinois (IL) Montana, Powder River (MP) ashington (WA)
Indiana (IN) Montana. West (MW) Alaska
Kentucky, West (KW) Wyoming, Powder River (WP) Alaska (AK)
Imports

{mporns (IM)
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EXHIBIT B-2
AVERAGE ASH CONTENT OF COAL
(percent)
Bituminous Subbituminous Lignite
High Volatility 1/

Low and 10,500- 11,500- Over

Medium 1/ 11,500 14,000 14,000
Coal -Produc Re Volatility Btu/lb Btu/lb Btu/lb
Central Pemnnsylvania 12.0 12.0 12.0 12.0
Western Pennsylvania 7.0 12.0 12.0
Ohio 12.0 12.0
Maryland 12.0
Northern West Virginia 7.0 12.0 12.0
Southern West Virginia 12.0 12.0 12.0
Virginia 12.0 12.0 12.0
Eastern Kentucky 12.0 12.0
Tennessee 12.0 12.0
Alabama 12.6 12.6 12.6
Illinois 10.3 10.3
Indiana 10.4
Western Kentucky 12.0
Towa 10.0 10.0
Missouri 12.0 12.0
Kansas 14.0 12.7
Northern Arkansas 12.0
Oklahoma 12.4 12.4 12.4
Texas 15.3
Louisiana 12.0
Southern Arkansas 14.0
North Dakota 9.1
Eastern Montana 6.9 8.0
Montana, Powder River 6.9
Western Montana 13.0 13.0
Wyoming, Powder River . 6.0
Wyoming, Green River 10.0 10.0 10.0



Coal-Produc Region
Colorado, Green River
Colorado, Denver
Colorado, Raton
Colorado, Uinta
Colorado, San Juan
Central Utah

Southern Utah

New Mexico, Raton
New Mexico, San Juan
Arizona

Washington

Alaska

B-4

1/ Volatility Content, as measured on

EXHIBIT B-2
AVEBAGE ASH CONTENT OF COAL
(percent)
Bituminog“ >
. High Volatility 1/
Low and 10,500- 11,500-
Medium 1/ 11,500 14,000
Volatjlity Btu/lb Btu/lb
10.0 10.0
10.0
8.0 8.0
10.0
8.0
12.0 9.0
13.1
18.3
10.0
a dry,

Low
Medium
High

Source: See Attachment B-1 for the major
These assumptions

ash contents.
s

and 8 Mi

ion To

Over
14,000
Btu/lb

[

[
0 O oo
OO OO

Su

tuminous Lignite
18.0 18.0
18.3
16.0

9.0

mineral-matter-free basis.

percent volatile matter

percent volatile matter

percent volatile matter

assumptions used to develop these average
were used in the analysis summarized in

and 30

S

d 30

ear/1.2 1b, Sulfur

Dioxide Emigssion Reduction Cases, prepared by ICF Incorporated for the
Environmental Protection Agency, February 1986.
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The results represent the quantities of ash received by electric utility power
plants throughout the United States. It was assumed that the total quantity
of ash received by utilities would not burn; therefore, the amount of ash
generated is equal to the amount received. Exhibit B-3 presents estimates by
state of the total amount of ash that will be generated by electric utilities
between 1985 and 2000 and the average ash content of the total quantity of

coal received by the utilities in each state.

To determine quantities of each type of ash that would be generated, the
amount of ash produced by each type of electric utility boiler was calculated.
This was determined by apportioning the total quantity of ash generated
according to the capacity of each boiler type (as a fraction of total capacity
of coal-fired utilities in the U.S.). 1In Exhibit B-4 total electric utility
capacity is described by boiler type. The majority of future coal-fired power
plants are expected to use dry-bottom pulverizers, which can burn a greater
variety of coals than other boilers. Therefore, it is assumed that the
capacity assigned to the "unknown" category in Exhibit B-4 is additional

dry-bottom pulverizer capacity.

Once the amount of ash generated by each type of boiler was determined, the
quantities of the different types of ash formed could be estimated. Each
major boiler type (dry-bottom pulverizers, wet-bottom pulverizers, cyclones,
and stokers) produces different proportions of fly ash, bottom ash, or boiler
slag, depending on the design of the boiler and operating conditions. The
percentage of ash generated as fly ash, bottom ash, and boiler slag by each
type of boiler is presented in Exhibit B-5. These percentages were used to

determine the amount of each ash type generated by the four types of boilers,
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EXHTBRIT B-3
TOTAL AMOUNT OF ASH GENERATED BY ELECIRIC UTILITY FOWER FLANTS — 1985 to 2000a/

1985 1990 199 2000

on FAITion % n on
State —Jons_  Ash —Jons Ash —Tons. 4Ash  _Tons
Maine/Vermont/New Hampshire 0.2 12.0 0.1 12.0 0.2 12,0 0.4
Massachusetts/Comnecticut/Rhode Island 0.5 12.0 0.9 12.0 0.9 12.0 0.9
New York 0.8 11.2 0.9 10.5 1.6 11.5 1.5
Pernsylvania 5.0 12.4 5.1 12.3 5.1 12.4 4.9
New Jerseay 0.4 12.0 0.4 12.0 0.6 12,0 1.0
Maryland/Delaware/District of Columbia 1.0 9.7 0.9 10.4 1.2 10.3 2.0
Virginia 0.9 12.0 1.0 12.0 1.2 1.7 2.7
West Virginia 3.2 11.2 3.8 11.2 3.5 11.3 3.7
North Carolina/South Carolina 3.9 12.0 3.8 12.0 4.1 12,0 4.8
Georgia 3.0 11.6 3.4 11.7 3.8 11.8 4.3
Florida 2.0 11.8 2.5 11.8 3.1 11.8 5.0
Ohio 6.0 11.8 6.0 11.8 6.3 11.9 7.8
Michigan 3.2 10.6 3.3 10.2 3.4 10.3 3.4
Illinois 3.1 9.0 2.8 8.8 3.1 8.9 3.3
Indiana 4.1 9.8 4.6 9.9 4.8 9.7 4.9
Wisconsin 1.4 8.2 1.6 7.6 1.7 7.6 1.6
Kentucky 2.6 12.0 3.9 12.0 4.1 12.0 4.0
Tennessee 3.4 11.6 3.3 11.4 3.0 11.3 4.6
Alabama 1.6 12.6 1.9 12.5 2.2 12.4 2.0
Mississippi 0.5 10.7 0.5 10.7 0.6 10.5 0.6
Mimesota 0.8 7.0 0.9 7.0 1.1 7.1 1.1
North Dakota/South Dakota 1.8 9.1 2.1 9.1 2.1 9.1 3.3
Iowa 1.3 7.4 1.3 7.5 1.3 7.5 1.2
Missouri 2.7 10.3 2.8 10.4 3.0 9.6 3.6
Kansas/Nebraska 1.5 7.1 1.6 7.2 1.6 7.2 1.7
Arkansas 0.8 6.0 0.7 6.0 0.8 6.0 0.8
Ok lahoma 0.9 6.0 1.1 6.0 1.1 6.0 1.8
Louisiana 0.6 6.0 1.0 7.8 1.0 7.6 2.0
Texas 8.2 12.5 10.0 12.8 15.7 13.6 23.9
Montana 0.4 6.9 0.6 6.9 0.6 6.9 0.8
Wyoming 1.5 7.8 1.5 7.8 1.9 7.3 2.1
Colorado 1.3 8.3 1.3 8.3 1.4 8.2 1.8
New Mexico 2.8 18.1 2.6 17.8 2.9 17.0 3.2
Utah 0.5 8.3 0.9 8.2 1.3 8.1 1.5
Arizona 1.7 12.6 2.2 14.1 2.1 13.0 2.3
Nevada 0.8 9.7 0.8 9.7 1.0 9.8 1.0
Washington/Oregon 0.8 13.9 0.8 4.0 1.0 13.8 1.9
California b/ 8.0 b/ 8.0 0.1 5.0 0.3
Total U.S8.¢/ 75.0 10.5 83.1 10.5 94.5 10.6 119.1

a/ For each year, the numbers in the left column indicate the amount of ash generated by coal fired
electric utility power plants in the indicated state(s); the numbers in the right column are the

average percentages of ash content in the coal received by utilities in the indicated state(s).

b/ Amount of ash is less than 0.1 million toms.
¢/ Totals may not add due to independent rounding

Source: See Attachment B-1 for the major assumptions used to develop these estimates.

These

assumptions were used in the analysis summarized in Analysis of 6 and 8 Million Ton and 30

Year/NSPS and 30 Year/}.2 1b, Sulfur Dioxide Emission Reduction Cases, prepared by ICF
Incorporated for the Environmental Protection Agency, February 1986.

11.6
12.0
10.2
12.4
12.0
10.0
11.8
11.5
12.0
11.9
11.9
10.9
10.3
8.3
9.7
7.8
12.0
i1.5
12.4
111
7.1
8.3
7.5
8.5
7.1
6.0
6.0
9.1
13.3
6.9
7.1
7.7
16.2
8.1
11.9
9.9
9.5

10.5



B-7

EXHIBIT B-4

ELECTRIC GENERATING CAPACITY
OF COAL-FIRED UTILITIES BY BOILER TYPE a/

(gigavatts)

1985 1990 1995 2000

Wet-Bottom Pulverizers 15.2 15.2 15.2 15.0
Dry-Bottom Pulverizers 199.1 198.9 198.7 198.1
Cyclones 23.8 23.8 23.7 23.7
Stokers 1.1 1.1 1.1 1.1
Unknown b/ 30.1 24.4  _68,4  140.9

TOTAL 269.3 293.4 306.9 378.8

a/ A gigawatt equal 1,000 megawatts.

b/ Plants yet to be constructed are assumed to have primarily dry-bottom
pulverizer boilers.

Source: See Attachment B-1 for the major assumptions used to develop these
estimates. These assumptions were used in the analysis summarized

in Analysis of 6 and 8 Million Ton and 30 Year/NSPS and 30
Year/1.2 1b, Sulfur Dioxide Emission Reduction Cases, prepared by

ICF Incorporated for the Environmental Protection Agency, February
1986.
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EXHIBIT B-5

PERCENTAGE OF EACH TYPE OF ASH
GENERATED BY EACH BOILER TYPE

Fly Ash Bottom Ash Bojler Slag
Wet-Bottom Pulverizers 50% -- 50%
Dry-Bottom Pulverizers 80% 20% --
Cyclones 25% -- 75%
Stokers 50% 50% --
Source: Babcock & Wilcox, Steam: Its Generation and Use, New York: The

Babcock & Wilcox Company, 1978, pp. 15-7 - 15-8.
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and then these amounts were aggregated to determine total ash generation by

the electric utility industry in 1985, 1990, 1995, and 2000.

Some minor variances were noted between these estimates and historical
trends in ash generation as reportéd by the American Coal Ash Association.
Some adjustments were made in the distribution among ash types (but not the
total quantities) so that forecasted quantities were more consistent with
historical trends. The ash production forecasts, as well as historical data

for 1980 to 1984, are presented in Exhibit B-6.

B.2 FGD SLUDGE

Because the sludge produced by flue gas desulfurization systems can vary
a great deal in composition, consistency, and water/solids content, several
simplifying assumptions were made to arrive at values for future FGD sludge

generation.

. Wet scrubbers were assumed to be of the direct limestone
type, producing a waste composed of unreacted reagent
(limestone) and reacted reagent (gypsum). Dry scrubbers
use lime as a reagent and were assumed to produce a waste
composed of 25 percent gypsum and 75 percent
Cas03-1/2(H20).

. The stoichiometry for wet scrubbers is 1.4, while that for
dry scrubbers is 1.86,

. The proportion of dry solids in sludge from wet scrubbers
is 50 percentz; in sludge from dry scrubbers it is 100
percent.

] The purity of the reagents (limestone for wet scrubbers

and lime for dry scrubbers) was assumed to be 95 percent.
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EXHIBIT B-6

ASH GENERATION BY ELECTRIC UTILITY POWER PLANTS
(millions of tons)

Fly Ash Bottom Ash Boiler Slag Total

Historical

1980 48.3 14.5 3.6 66.4

1981 50.2 12.9 5.2 68.3

1982 47.9 13.1 4.4 65.4

1983 47.2 12.7 3.9 63.8

1984 51.3 13.6 4.2 69.1
Estimated

1985 54.4 15.7 4.9 75.0

1990 60.8 16.9 5.4 83.1

1995 69.4 19.1 6.0 94.5

2000 89.0 22.9 7.2 119.1

Source: 1980-1984: American Coal Ash Association

1985-2000: See Attachment B-1 for the major assumptions used to
develop these estimates. These assumptions were used in the analysis
summarized in s of 6 and 8 Million Ton and 30 Year/NSPS and 30

Year/1.2 1b, Sulfur Dioxide Emission Reduction Cases, prepared by ICF

Incorporated for the Environmental Protection Agency, February 1986.
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Sludge factors for wet and dry scrubbers, in pounds of sludge generated
per pound of sulfur dioxide removed, were derived by applying the assumptions

noted in the following equation:

(1lbs.sludge/ = Molar Weight Molar Weight

1lbs. S02 removed) of Reacted By- + of Reagent X (Stoichiometry-1)
Product and Including
Waste 3 Waste 4

+ Molar Weight x Percent Dry
of 502 3 Solids

For wet scrubbers this factor equals 6.90, and for dry scrubbers the factor
can be 3.14 or 3.08, depending on the percent of sulfur dioxide that is
required to be removed (either 90% or 70% was assumed, depending on which
level of sulfur removal was most consistent with the Revised New Source

Performance Standard for sulfur dioxide from utility boilers).

Based on the expected sulfur content and total quantity of coal consumed
by electric utilities, future federal and state sulfur dioxide regulations,
and the amount of scrubber capacity forecasted to be in operation in future
years, amounts of sulfur dioxide removed were estimated on a state basis. The
sludge factors explained above were then applied to the quantities of sulfur
dioxide removed to arrive at total FGD sludge generation. Exhibit B-7
presents historical and future FGD capacity and FGD sludge generation for the

U.s.
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EXHIBIT B-7

FGD CAPACITY AND FGD SLUDGE GENERATION

FGD Capacity FGD Sludge Production
ng3 megawatts) 1 s of tons

Historical

1970 -- --

1972 0.7 0.2

1975 6.7 2.3

1980 27.4 9.5
Estimated

1985 45.2 16.0

1990 62.4 24.1

1995 80.7 30.9

2000 179.3 50.3
Sources: 1970-1980: Energy Information Administration, Cost and Quality of

Fuels for Electric Utility Plants - 1980, DOE/EIA-0191(80), and
Arthur D. Little, Inc., Full Scale Field Evaluation of Waste

Disposal from Coal-Fired Electric Generating Plants, Volume I, June
1985.

1985-2000: See Attachment B-1 for the major assumptions used to
develop these estimates. These assumptions were used in the
analysis summarized in Analysis of 6 and 8 Million Ton and 30
Year/NSPS and 30 Year/1.2 1b. Sulfur Dioxide Emission Reduction

Cages, prepared by ICF Incorporated for the Environmental Protection
Agency, February 1986.
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ATTACHMENT B-1

MAJOR ASSUMPTIONS USED IN THE DERIVATION
OF FUTURE ASH AND FGD SLUDGE GENERATION ESTIMATES ©



MAJOR ASSUMPTIONS USED IN THE DERIVATION OF FUTURE ASH AND FGD SLUDGE GENERATION ESTIMATES

Critical Pacameter Value Comments
Global Enetrgy and Economic Conditions

® GNP (0 Per Year Real Growth) 1983-1985 = 5.0 GNP growth is forecasted to be higher during the
1986-1990 = 3.5 current recovery and then slow to a 3 percent
1991-1995 - 3.0 average per annum growth rate by 1990.
1996-2000 - 3.0
2001-2010 - 3.0

e World Oil Prices (mid-1985 $/bbl) 1985 = 28.10 ICP forecasts assume that oil prices will remain
1990 = 29,20 oconstant in nominal terms through 1985 because of
1995 = 34.10 near-term market conditions. Prices are assumed to
2000 = 38.90 recover somewhat by 1990, with 2.5-3.0 percent
2010 = 49.80 increases per year in real terms thereafter.

e Natural Gas Prices and Availability

Electric Utility EBnergy Demand

® Electricity Growth Rate (% Per Year)

® Nuclear Capacity (Gw)

1985 deregulation is assumed

1980-1984
1984-1985
1986-1990
1991-1995
1996-2000
2001-2010

1985
1990
1995
2000
2010

Capacity estimates through 2000 reflect most recent .
announcements, postponements, and delays of
currently planned power plants. MNuclear capacity
in 2010 reflects an assumed upturn in nuclear
capacity additions after 2000, which sore than
offset the forecasted retirement of 27 gigawatts of
nuclear power plant capacity expected between 2001
and 2010,



MAJOR ASSUMPTIONS USED IN THE DERIVATION OF FUTURE ASH AND PGD SLUDGE GENERATION BSTINMATES

Critical Parameter Value Comments
® Nuclear Capacity Pactors (%) 1985 = 60 Improvement in the availability of nuclear
1990 = - 64 units is expected as recent regulatory and
1995 = 67 technical problems resulting primarily from the
2000 = 67 Three-Mile 1sland experience are resolved.
2010 - 67
® Substitution of Coal for 0il and Gas Reconversion = 11.3 Reconversions and accelerated replacement are
(Gw) capacity limited by institutional (e.g., state utility
(1982-1995) commissions) and financial (e.g., bond and equity
markets) constraints. Latest estimates reflect
expected delays and cancellations. Capital
surcharges, which vary by CEUM region, are imposed
on accelerated replacements to reflect these
constraints.
e Utility Capital Costs (1980 $/kw) Coal = 717- 851 Capital costs include 10 percent real escalation
Nuclear = 1375-1561 from 1960 to 1985. Nuclear capital cost estimates
Turbine = 219- 251 have been increased about 35 percent above previous
Scrubbers, Dry = 79- 91 EPR]I estimates, reflecting (1) significantly longer
Scrubbers, Wet = 163- 189 construction and lead times, (2) more safety
requirements for future plants, and (J) additional
escalation in materials, equipment and labor
costs. Nuclear capital cost estimates correspond
to recent DOE estimates. Other power plant cost
estimates are based on EPRI figures.
e Capital Cost Surcharges 1985-1990: 500-2000 Capital cost surcharges are imposed on new capacity
(1980 $/kw) (varies by region) builds to limit economic replacements. Surcharges
1995-2000: 500 for WO, CN, C8 reflect regulatory, financial, and institutional
750 for all others constraints to capital investment.
2010: 0
e Power plant Lifetime (Years) Coal Steam - 60 Power plant units are assumed to retire based on the
0il/Gas Steam - 45 assumed number of years after their initial date of
Nuclear - 35 commer jal operation except for announced retire-
0il/Gas Turbine - 20 ments. Coal power plants are refurbished after 30

years for $200/kw (early-1985 §). This is assumed
to extend their useful lifetime from 45 to 60
years. Reconversions are assumed to retire 30
years after their reconveraion date.



MAJOR ASSUMPTIONS USED IN THE DERIVATION OF FUTURE ASH AND FPGD SLUDGE GENERATION ESTIMATES

Critical Parameter

Value

Comments

® Coal Power plant Heat Rates Over Time

e Minimum Turndown Rates

e Canadian Imports of Electricity
(BKWH transmitted)

Financial Parameters

® Inflation Rate (% Per Year)

® Real Discount Rate (% Per Year)

® Real Capital Charge Rates (%)
Coal/Nuclear/Combined Cycle
Pollution-Control--New
Pollution-Control--Retrofit
Combustion Turbine

® Book Life (years)
Coal/Nuclear/Combined Cycle
Combustion Turbine
Pollution Control-Retrofit
Pollution Control-New

0.25% per year increase

over current levels,
After refurbishment improves

heat rates are improved

(decreased) by five percent

from previous forecasts

levels.

Coal - 35%

0il/Gas Steam - 20%

1985
1990
1995
2000
2010

1984
1985
1986-2010

Coal Mine
Utility

45
69
89.9
86.8
96.9

Based on empirical studies and engineering assess-
ments of heat rate deterioration over time and the
effects of power plant refurbishment.

Coal and oil/gas steam units must operate at or
above minimum load during the week. Minimum load
levels assumed herein are based on various
empirical studies of operating practice and
constraints.

Imports reflect current contracts and announced
plans,

Latest forecasts anticipate a small increase in
average annual inflation rates,

The retrofit pollution-control capital charge rate
is lower than the new pollution-control rate because
of the rapid tax write-off provision available to
retrofits only. Use of industrial revenue bond
financing was not assumed.

Longer book life for pollution-control equipment
assumed in the previous EPA base is the major reason
for lower real capital charge rates for this
equipment.
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Critical Parameter

Value Comments

Tax Depreciation Life (years)
Retrofit Pollution Control
Others

Input Year Dollars

Output Year Dollars

Escalation Input to Output Dollars

Real Cost Escalation Parameters

e Coal Transportation Rates

(% Total Real Escalation)

Coal Mining Productivity

Mining Costs (V Annual Real Escalation)

Mining Productivity Base Level (1985)
(A of Standatrd)

% Annualized Productivity Increase
(1985-95)

Utility Power plant Capital Costs
(8 Total Real Escalation)

5 Tax depreciation based on Accelerated Cosat Recovery
15 System (ACRS) under Economic Recovery Tax Act of
1961.
early 1980
early 1985
1.34
Rail Growing competition will hold down the marginal rail
1981 -~ 1985 = -5.0 rates to levels below curcent average rall rates,
19686 - 2000 0.0 Truck and barge rates are assumed to escalate in
real terms to account for long-term fuel price
Truck and Barge increases.
1981 - 1985 = 5.0
1986 - 2000 = 0.0
Capi tal = 1.0
Labor = 1.0
in 1984;
2.0/3 ycs.
thereafter
Materials = 0.0
UMWA = 80
Non-UMWA = 95
Mixed = 90
Sur face = 1.0
Deep-Continuous
Mine = 1,0
Deep-Longwall = 2.0
1980-1985 = 10.0 Expected real escalation in nuclear plant costs {s
1985-2000 = 0.0 higher and is incorporated in base nuclear cost

estimates,
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Critical Parameter

Value

Comments

Other Governmental Regulations

® Federal Leasing Policy

e Air Pollution Regulations

Non-Utility Coal Demand

@ Industrial/Retail Coal Use
(106 tons)

e Steam Coal Exports (106 tons)

® Metallurgical Coal Use (106 tons)
~- Export

-- Domestic

Enough

Most recent federal and

state rules.

1985
1990
1995
2000
2010

1985
1990
1995
2000
2010

1985
1990
1995
2000
2010

1985
1990
1995
2000
2010

82
109
135
170
220

28
25
48
69
120

53
49

61
65

54
62

62
62

Pederal leasing is assumed to be sufficient to
avoid artificially driving up market prices.

Sulfur dioxide emission limits assumed to be
tightened in New York and Wisconsin over the next
ten years in light of recent state legislation
aimed at responding to aclid rain snd/or ambient air
guality concerns. Certain variances are assumed to
expire and revisions are assumed to occur. No
other changes assumed beyond cutrent emission
limitations.

Reflects recent forecasts of industcial boiler

coal demand combined with forecast of the kiln and
residential/commercial coal markets. Low oil prices
and increased reliance on waste products and
conservation are expected to dampen near-term coal
demand.

Reflects low growth in worldwide electricity demand
and less market share going to U.S8. producers,

particularly in 1985 and 1990. Reduction in longer-
term demands concentrated mainly in the Pacific Rim.

Reflects sluggish growth expected in world markets.

Continuing trends in steel substitution limit
forecasted domestic metallurgical coal use
through most of the 19680°'s. Steel's recovery
from the present slump is not yet complete by
1985.



MAJOR ASSUMPTIONS USED IN THR DERIVATION OF FUTURE ASH AND PGD SLUDGE GENERATION ESTIMATES ,

Critical Parameter Value Comments
® Synthetics (Coal Input in 106 tons) 1985 - 4 Outlook for coal-based projects continues to be
(Million Tons) 1990 = 8 unfavorable. Some slippage seen in on-line dates
1995 - 8 of major near-term projects. Great Plains Gasifi-
2000 = 8 cation Project assumed to stay on schedule.
2010 = 8



APPENDIX B

1 For more detail regarding assumptions, see Analysjs of 6 and 8 Million Ton
and Yea S and 30 Year b, Sulfur Dioxide ssion Reduction
Cases, February 1986, prepared by ICF Incorporated for the Environmental
Protection Agency. The major assumptions concerning future energy
demand, economic conditions, and government regulations used to derive
the estimates in the ICF study are presented in Attachment B-1 to this
Appendix.

2 aArthur D. Little, Inc., Fu cale Field Evaluation of Waste Disposal from
Coal- ed ctric Genmeratin nts, June 1985.

3 The reacted by-product generated by wet scrubbers has a molar weight of 179;
that generated by dry scrubbers has a molar weight of 146.3.

4 The molar weight of limestone (the reagent used in wet scrubbers), including
5 percent waste, is 105.3. The molar weight of lime (the reagent assumed
used in dry scrubbers), including 5 percent waste, is 59.

5 The molar weight of sulfur dioxide (S02) is 64.064.

6 These assumptions were used in the analysis summarized in Analysis of 6 and
' 8 M on and 30 Year S and 30 Yea b, Sulfur Dioxide

Emission Reduction Cases, prepared by ICF Incorporated for the
Environmental Protection Agency, February 1986.



REGULATION OF COAL C(HWSﬁON WASTE DISPOSAL
IN SEVENTEEN HIGH COAL-BURNING STATES
This appendix contains a state-by-state description of coal combustion
waste disposal regulation. The 17 states whose regulations are described below
are the highest coal-burning st#tes in the country -- together they account for
over 70 percent of the nation’s coal-fired electric capacity. This appendix
supplements the description of state regulation found in Chapter 4 and serves

as a companion document to the table shown in Exhibit 4-1.
Texas

Coal combustion wastes are regulated under Texas’ Industrial Waste
Management Regulations. The regulations cover two types of waste, referred to
as Class I and Class II wastes, although they do not give any information about
how a particular waste stream would be classified. Class I wastes are
controlled to a greater extent tﬁan are Class II wastes; ground-water
monitoring is required at Class I waste facilities. The regulaciops include no
additional design or operating requirements for either type of waste. A permit

is required for off-site disposal; on-site disposal requires notification only.

The report conducted for USWAG by Wald, Harkrader, and Ross, Survey of
State Law d Regulations Governin sposal of Ut Coal-Combustion
By-Products, gives information on additional requirements in Texas: "For both
on-site and off-site disposal, the Department performs a site-specific
technical review based on written guidelines that recommend installation of
soil-based liners, ground-water monitoring and vegetative cover. Surface

impoundments containing wet fly ash should be scrutinized for excess leachate
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head.” A follow-up interview with a Texas environmental official gave the same
information. According to the interview, a new plant’s waste is given
temporary Class I classification until the plant proves that the waste is
non-hazardous. (The official could not recall any instance of a plant's
failing to do so.) Although permits are not required for on-site disposal,
plants follow site-specific guidelines issued by the Department when disposing

of wastes on-site.

Texas’ Industrial Waste Regulations include impoundments in the definition
of an industrial waste facility, but do not give separate guidelines.
According to the USWAG report and the Texas official, they are subject to the
same requirements as are landfills, and regulated by both state water
authorities, which govern discharges to surface water, and by state solid waste

authorities.

Indiana

Coal combustion wastes are regulated under Indiana’s Solid Waste Rules.
According to these rules, permits are required for on-site and off-site
disposal, and ground-water monitoring may be required. According to the USWAG
survey, "both on-site and off-site facilities ... are subject to the sanitary
landfill permit requirements, including ground-water monitoring, a periodic
cover, and a two-foot final cover." A state environmental official stated
during a follow-up interview that ground-water monitoring and other design and
operating standards are required on a case-by-case basis, based on the geology

of the site and on the results of a chemical testing of the waste.



The USWAG survey does not address Indiana’s regulation of impoundments.
The regulations only specifically apply to sanitary landfills -- impoundments
are not mentioned. An Indiana environmental official states that impoundments
are regulated only by the state’s NPDES program, which does not specify design

or operating requirements.

Kentucky

Under Kentucky's hazardous waste regulations, coal combustion wastes are
"special wastes." 1If a waste fails an EP toxicity test, its disposal will be
reguléted as a hazardous waste, and be subject to RCRA Subtitle C-type design
and operating requirements. Otherwise, the disposal is regulated under
Kentucky’s solid waste rules. Kentucky’'s solid waste regulations require
leachate control systems; according to the USWAG survey liners are also
required. Ground-water monitoring requirements are implemented on a

case-by-case basis.

Kentucky'’s solid waste regulations are for "solid waste disposal
facilities,"” and do not explicitly exclude or include impoundments. According
to an interview with a Kentucky solid waste official, if the impoundment is
part of a treatment process that discharges to surface water, it must have an
NPDES permit. These permits do not specify design or operating requirements.
If the impoundment no longer discharges to surface water, solid waste

regulations apply.
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Chio

Ohio’s hazardous waste regulations exempt coal combustion waste from
regulation. The solid waste regulations also exclude "non-toxic fly ash." No
criteria are given in the regulations for determining toxicity. According to
the USWAG survey and a follow-up interview with an Ohio environmental official,
the ash is given an EP toxicity test to determine whether it will be subject to
Ohio’'s solid waste regulations. Almost all ash passes the test, and is

therefore exempt from all regulation.

Ohio’s solid waste regulations specifically exempt "pond or lagoon
operations."” Such operations are regulated under Ohio’'s water regulatioms,

which do not specify design or operating requirements.

Pemnsylvania

Pennsylvania has designed regulations specifically for the disposal of coal
combustion waste. These regulations specify that chemical and geologic
analysis must be performed at the disposal site; and that ground-water
monitoring may be required on a case-by-case basis. However, the lining and
leachate collection systems that are required for other solid waste disposal

facilities are not required for coal combustion waste disposal sites.

According to the USWAG report, "fly ash ponds are regulated by permit under
the Clean Streams Law of Pennsylvania; the permit requires NPDES testing and

design standards, which include ground-water monitoring and leachate control."
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Illinois

Coal combustion wastes are governed by Illinois’ solid waste regulations.
The regulations state that a permit is required for solid waste disposal
facilities. Although the regulations do not distinguish between on-site and
off-site disposal, a state environmental official interviewed for this report

stated that on-site facilities are exempted from the permit requirement.

Although the regulations do not explicitly require liners, ground-water
monitoring, or leachate collection, an Illinois representative indicated that
these standards are often required for coal combustion waste disposal on a

case-by-case basis.

The solid waste regulations only list regulatory requirements for landfills
-- impoundments are not addressed. An agency representative stated that
impoundments are regulated by Illinois’ NPDES program, which requires

ground-water monitoring.

West Virginia

Coal combustion wastes are regulated by West Virginia’'s solid waste
regulations, which require permits for disposal. The regulations contain only
cover and closure requirements, although the USWAG survey, citing interviews
with environmental officials, gives more information: "All disposal sites must

meet leachate, waste confinement, and aesthetic standards. There are specific



C-6

requirements concerning ground-water monitoring and final cover."

Michigan

Michigan’s solid waste regulations call for on-site and off-site landfills
to be permitted and to have ground-water monitoring systems. A Michigan

official and information in the USWAG survey both confirmed this.

North Carolina

According to North Carolina’'s solid waste regulations, on-site and off-site
landfills must have permits. In order to receive permits, the landfills must
have a ground-water monitoring system. This information is confirmed by the

USWAG report.

_The Solid Waste regulations explicitly exclude impoundments, and leave
their regulation to North Carolina’s water regulations. The official water
regulations regulate only discharge from impoundments, and do not contain any
design or operating requirements, such as lining or ground-water monitoring,

for surface impoundments.

Georgia

Georgia’s solid waste regulations require permits for off-site and on-site
disposal. No mandatory design or operating requirements, such as ground-water
monitoring, liners, or leachate collection, are listed. According to a Georgia

environmental official, design and operating standards are applied on an
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case-by-case basis.

Only landfills are addressed in Georgia’s solid waste regulations.
According to a Georgia environmental official, surface impoundments are
regulated by the state water regulations, which cover only discharge to surface

water, and do not have requirements for ground-water monitoring or liners.

Florida

Florida's solid waste regulations require that off-site disposal facilities
be permitted and have liners, leachate collection, and ground-water monitoring
systems. On-site facilities do not need permits. The regulations have been
changed significantly since 1983, when the USWAG report was written. The
regulations apply only to sanitary landfills -- impoundments are not

specifically mentioned.

Missouri

The regulation of coal combustion utility wastes are handled primarily
under Missouri’s solid waste regulations. According to the regulatiomns,

leachate collection systems are required on a case-by-case basis.

The solid waste regulations exempt lagoon operations that have permits from
the Clean Water Commission. The Missouri Water Quality Standards do not
specify any design or operation requirements for impoundments; the USWAG
survey, however, states: "Permits from the Clean Water Commission impose

specific requirements on ground-water quality." A follow-up interview with a
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Missouri water official confirmed the information derived from the USWAG

report.
Alabama

Alabama’s Solid Waste Regulations reﬁuire permits for off-site and on-site
disposal. According to the USWAG survey, off-site disposal requires additional
permission from local health authorities. The regulations require ground-water

monitoring and an artificial lining on a case-by-case basis.

Tennessee

Under Tennessee's hazardous waste rules, "fly ash ... [is a] hazardous
waste which [is] exempt from certain regulations." The hazardous waste
regulations that apply to coal combustion by-products are for the testing of
waste. An official from Tennessee indicated that the testing requirement gives
the state waste agency information with which to design suitable disposal
requirements for coal combustion wastes. Temmessee’s solid waste rules govern
the design and operation of coal combustion waste disposal facilities.
Tennessee’s solid waste regulations allow liners and ground-water monitoring to

be required on a case-by-case basis.

Like most state solid waste regulations, Tennessee’s regulations are
unclear about the regulation of on-site facilities. Due to legal challenges,
on-site solid waste facilities in Tennessee are not currently being regulated.

Tennessee’s solid waste regulations only explicitly list requirements for
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sanitary landfills. Surface impoundments are not specifically addressed,
4a1though according to a Tennessee Valley Authority official, surface
impoundments are regulated under NPDES permitting until the pond is full; once
the impoundment no longer discharges to surface water, state solid waste

regulations apply.

Nevada

Nevada's solid waste regulations pertain only to landfills, and specify
only siting restrictions, cover, and layering requirements; ground-water
monitoring, lining, and leachate collection are not required. According to the
USWAG report, in practice, more stringent requirements are enforced: "The
Department now requires a liner or its functional equivalent and groundwater
monitoring." Nevada’s solid waste regulations require municipalities and
districts to devise a waste management system, and local authorities may adopt

more stringent regulations than currently mandated by state law.

The solid waste regulations of Nevada appear to address only landfills;

impoundments are not explicitly mentioned.

South Carolina

South Carolina regulates the disposal of coal combustion waste under its
solid waste regulations. Disposal facilities must have permits, and minimal
design and operating standards (cover, grade, siting) are imposed. The

regulations require that facilities be designed by state-permitted engineers.
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Impoundments are addressed in South Carolina’s industrial solid waste
disposal regulations: "Disposal of waste sludges and slurries shall be done
with special consideration of air and water pollution, and the health and
safety of employees ... [and] case-by-case provisions [are made]."” No specific

requirements are listed.

Wisconsin

In Wisconsin, coal combustion wastes are regulated under the state’s solid
waste regulations, which require solid waste disposal facilities to be
licensed. Ground-water and leachate monitoring may be required on a
case-by-case basis. Impoundments are included in Wisconsin’s definition of a

solid waste disposal site.



SOURCES FOR APPENDIX C
(By State)

Texas

Texas Industrial Waste Management Regulations. Interview with Richard
Anderson, Industrial Solid Waste Section, Texas Department of Health,
January 2, 1987. St ws _and Re ons Gov Disposa

Co du. , prepared by Wald, Harkrader & Ross
for the Utility Solid Waste Activities Group (USWAG), pp. 62-63.

Indiana
Indiana Solid Waste Management Permit Regulations. Interview with George
Oliver, Land Pollution Control Division, State Board of Health, January 2,
1987. USWAG Survey, p. 20.

Kentucky
Kentucky Waste Management Regulations. Interview with Shelby Jett, Natural
Resources and Environmental Protection Cabinet, Department of Environmental
Protection, January 6, 1987. USWAG Survey, p. 24.

Ohio
Ohio Solid Waste Disposal Regulations. Interview with Tina Redman, Office
of Land Pollution Control, Ohio Environmental Protection Agency, January 2,
1987. USWAG Survey, pp. 51-52.

Permsylvania

'~ Pennsylvania Solid Waste Regulations. Interview with Ron Hassinger, Bureau

of Solid Waste Management, Department of Environmental Resources, January
2, 1987. USWAG Survey, p- 55.

Illinois
Illinois Solid Waste Regulations. Interview with Harry Chapel, Division of

Land and Noise Pollution Control, Envirommental Protection Agency, January
5, 1987. USWAG Survey, p. 18.

West Virginia
West Virginia Solid Waste Regulations. USWAG Survey, p. 69.
Michigan
Michigan Solid Waste Management Regulations. Interview with Karen Kligman,

Resource Recovery Division, Department of Natural Resources, January 6,
1987. USWAG Survey, p. 32.



North Carolina
North Carolina Solid Waste Management Regulations. USWAG Suxvey, p. 49.

Georgia

Georgia solid Waste Management Rules. Interview with Burt Langley, Land
Protection Branch, Division of Environmental Protection, Department of
Natural Resources, January 2, 1987. USWAG Survey, p. 15.

Florida
Florida Resource Recovery and Management Regulations.

Missouri
Missouri Solid Waste Rules and Regulations. Missouri Water Quality
Standards. Interviews with Suzanne Renard, Missouri Waste Management
Program, and with Bob Hengtes, Missouri Clean Water Commission, January 23,
1987. USWAG Survey, p. 36.

Alabama
Solid Waste Management Regulations. USWAG Survey, p. 1.

Tennessee
Tennessee Hazardous Waste Management Rules. Tennessee Solid Waste
Regulations. Interview with Dwight Hinch, Regulations and Legislative
Office, December 31, 1986. USWAG Survey, p. 61.

Nevada
Nevada Solid Waste Management Regulations. USWAG Survey, p. 41.

South Carolina

South Carolina Industrial Solid Waste Disposal Site Regulations, South
Carolina Guidelines for Waste Disposal Permits. USWAG Survey, p. 58.

Wisconsin

Wisconsin Solid Waste Management Regulations. USWAG Survey, p. 70.



WASTE FLUID STUDIES

This appendix presents the results of studies on the waste fluids in coal
combustion waste landfills and impoundments. Waste fluids are not ingested,
but the constituents in the waste fluids have the potential to affect the
quality of surrounding ground water or surface water. These studies are also

useful for illustrating some of the characteristics of coal combustion wastes.

Temmessee Valley Authority Power Plants

A report by R.J. Ruane and others summarized Tennessee Valley Authority
(TVA) research on wet ash disposal and wet limestone scrubber-sludge.1 The
study on ash disposal involved 12 TVA coal-fired plants, including a
description of the effects of ash disposal at a typical 1000-MW plant, which
produces approximately 700 tons of fly and bottom ash per day. The ash is
either disposed of in a dry form or sluiced to the ash containment ponds. The
wet limestone scrubber-sludge examined in the study was from a 550-MW plant at

the Widows Creek Steam Plant.

Several constituents in subsurface leachates from the ash ponds exceeded
the primary and secondary drinking water standards. Constituents found in
concentrations that exceeded the primary or secondary criteria included
cadmium, chromium, iron, manganese, lead, sulfate, pH, and TDS. Some of the

ash pond leachates were quite acidic with measured pH values as low as 2.0.

The operation of the wet limestone scrubber and the transfer of scrubber
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blowdown to the ash ponds caused statistically significant increases in the
concentrations of calcium, magnesium, chloride, sulfate, selenium, TDS and

conductivity in the ash pond discharges.

In addition to monitoring ash pond effluents, the TVA also conducted
toxicity stgdies on ash pond effluents from four distinct waste disposal
sites. The toxicity studies were performed in the spring and fall. The fall
studies showed no significant effects on the tested species (Daphnia pulex and
Pimephales promelas) while the spring studies revealed significant effects on

the survival and reproduction of Daphnia pulex.

In summary, several of the fly ash leachates had constituent
concentrations that exceeded drinking water standards. These constituents
included cadmium, chromium, iron, manganese, and lead. Higher concentrations
of potential contaminants were associated with extreme pH values. Some of the
fly ash leachates had pH values as low as 2.0. Some of the fly ash effluents

demonstrated the potential to affect the biological environment.

Turner Study of Arsenic in Coal Ash Leachate

R.R. Turner (1981) collected ash disposal pond effluents at 12 coal-fired
utilities and pond influent samples at three utilities.? At one of the sites,
two wells were drilled into an older ash basin and used to collect
interstitial water from the middle and bottom of the basin. All samples
collected, including influents, effluents, and well samples, were analyzed for

total dissolved arsenic (TDA) and for arsenic (III).
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The effluents from the ponds located at the 11 largest utilities had TDA
measurements ranging from 0.5 to 130 ug/l. The arsenic (III) to TDA ratio was
always 0.40 or smaller at these 1l plants. Arsenic concentrations in the pond
at the smallest of the 12 plants were between 116 and 460 ug/l in the pond
influent and varied from 118 to 150 ug/l in the pond effluent. The
interstitial fluid drawn from the wells located in the middle and bottom of
the older fly ash disposal site had arsenic concentrations that reached 550
#g/1l in the middle well and 1590 ug/l in the well placed at the bottom of the
fly ash. Arsenic (V), the less toxic state of arsenic, was the predominant

arsenic species in all of these samples.

There was a wide variability in arsenic concentrations in all of the
samples collected from the field as well as in the effluents from column
leaching studies that were conducted concurrently with the field studies.

This demonstrates the inherent variability of the fly ashes and the
environments in which they are located, and thus the difficulty of trying to
determine generic conditions for fly ash disposal. Arsenic (V) concentrations
appeared to be controlled either by adsorption onto amorphous iron
oxyhydroxides in the neutral to slightly acidic pH range or by slightly
soluble metal arsenates. Mechanisms controlling arsenic (III) concentrations

were not determined by this study.

The study results suggest that the use of iron oxyhydroxides in limiting

the migration of trace elements may be beneficial at selected sites.
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Savammah River Project, Aiken, South Carolina

In a series of papers, Cherry, Guthrie, and co-workers studied the
drainage system for an ash basin serving a coal-fired power plant at the
Savannah River Project in Aiken, South Carolina.3 To provide data for these
papers, surface water samples were collected from the influent to and effluent
from several large ash basins. Also, samples were taken at several points
within the drainage system downstream from the ash disposal ponds. These

samples were analyzed to determine the concentrations of constituents.

Plants, invertebrates, and vertebrates were also monitored. These studies
took place over a period of more than eight years from mid-1973 to January
1982. During this time, selected water quality parameters were monitored on a
monthly, bimonthly, or quarterly basis. By studying the various sinks for the
constituents in the effluents from the ash disposal ponds, conclusions were
reached as to the dissipation mode of constituents in the surface waters of
the drainage system. Differences in constituent concentrations accumulated in
the various components of the system were tested by a two-tailed analysis of

variance.

The biotic components of the drainage system tended to contain higher
concentrations of potentially toxic constituents (titanium, manganese, copper,
chromium, zinc, arsenic, selenium, cobalt, cadmium, and mercury) than the
surface water components inhabited by the biota. The highest concentrations
of constituents occurred in the benthic sediments; the settling of sediments

represented the mechanism for the greatest removal of constituents from the
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system. Certain constituents, calcium and zinc, were concentrated in
invertebrates and fish at a higher level than that found in the sediments.
Two constituents, cadmium and selenium, were present in the effluents from the
ash ponds in concentrations that exceeded the primary drinking water
standards. Though concentrated by invertebrates, the invertebrate
concentration of these constituents did not exceed the concentration found in
the sediments. At near neutral pH values (pH 6.5), mean concentrations of
arsenic, cadmium, chromium, copper, selenium, and zinc in the effluent
drainage system were higher than either the maximum and/or 24 hour average
allowable for these parameters in the U.S. EPA Water Quality Criteria.’ The
mean elemental concentrations of four of these constituents (cadmium,
chromium, copper, and zinc) were from one to two orders of magnitude higher

than the allowable 24 hour average.

When the ash disposal system was properly managed, there appeared to be a
minimal effect on the aquatic system. However, when an ash pond overflowed
into the effluent drainage system without adequate time for settling of the
sediments to occur, major impacts upon the effluent drainage system were
observed. Heavy sediment concentrations and low pH conditions (the extreme
effluent pH observed was 3.5) caused by the overflow resulted in severe
reductions of most invertebrate fauna. The invertebrate population densities
eventually returned to pre-overflow levels when the problem was corrected.
The bioconcentration of potentially toxic constituents will, undoubtedly, have
an effect on the biota. It is impossible to ascertain the effect of
constituent accumulation from the ash ponds, however, because the constituent

concentrations prior to initiation of this study are not known. Several trace
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metals have concentrations in ash pond effluents that exceed the primary

drinking water standards.

Bull Run Steam Plant, Oak Ridge, Temmessee

In cooperation with personnel from the TVA, Coutant and others®
investigated the chemistry and biological hazard of seepage from an ash pond
at the TVA's 900-MW Bull Run Steam Plant near Oak Ridgé, Tennessee. Ash from
the Bull Run Steam Plant is slurried to three ash ponds connected in a series.
The ash stream consists of fly ash, bottom ash and pieces of pyrite that were
separated from coal prior to combustion. The three ponds act as settling
ponds to allow ash particles to drop out of solution. At the end of the third
pond is a weir over which effluent flows into the Clinch River. Monitoring at
the discharge weir has been regularly conducted since 1967. During this time,
analyses have been performed for a variety of constituents including
alkalinity, conductivity, TDS, calcium, magnesium, chloride, sodium, total

iron, total manganese, sulfate, and silicon dioxide.

In addition to the flow through the ash ponds and over the weir, there is
another flow that was previously uncharacterized. This flow was in a drainage
ditch that ran parallel to one of the ash ponds. The drainage ditch ends at a
culvert that flows into the Clinch River. The sediments at the bottom of the
drainage ditch, the water in the ditch and vegetation that had blown into the
ditch were all colored a reddish hue. The objective of this study was both to
characterize and understand the mechanism responsible for the reddish hue and

to check for biological hazard by exposing fish to the drainage discharge at



its confluence with the Clinch River. Samples were taken so as to follow the
flow in the drainage ditch from its uppermost point to its point of discharge

at the river.

The reddish precipitate contained over 40 percent iron and was determined,
by x-ray diffraction, to be mainly FeOOH. The formation of the precipitate
was consistent with the chemical data which revealed that iron concentrations
in the drainage liquor continuously decreased along the flow path. Total
dissolved iron concentration was 927 mg/l at the beginning of the ditch, and
fell to 320 mg/1 by the time the liquor reached the culvert that discharged
into the Clinch River. Concomitant with the drop in total dissolved iron,
ferrous iron concentrations fell and ferric iron concentrations rose along the
same flow path. Most of the iron leaving the ash ponds went through the
drainage ditch and not over the weir at the end of the ash ponds. The liquor
in the ditch became more acidic.as flow progressed towards the Clinch River.
Initial pH values in the flow were 3.2, while the pH fell to 2.9 at the
culvert. The total iron discharged from the ditch per unit time was
approximately 44 times the iron discharged over the weir, even though the

volume of the flow over the weir was roughly 20 times the flow in the ditch.

As might be expected, the discharge from the ditch posed a biological
hazard. All fish placed in the ditch at the entrance to the culvert or in the
Clinch River at the culvert discharge point died within three days. A control
group of fish, placed in an unaffected part of the Clinch River, survived

during the time frame of the experiment (2 weeks).
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Liquor in the drainage ditch from the ash pond leachate poses a biological
threat. This threat is limited because of dilution by the significantly
greater flow of the Clinch River. The acidification encountered in this study
probably is a result of the oxidation of the pyritic ore that was discharged
to the ash ponds. Oxidation of pyrite produces hydronium and sulfate ions.
Lower pH values, besides posing a threat to the environment because of the
acidity, can mobilize many trace constituents found in the ash. Analyses were

not performed for trace constituents in this study.
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ARTHUR D. LITTLE STUDY OF

WASTE DISPOSAL AT COAL-FIRED POWER PLANTS

Arthur D. Little, Inc. (ADL) conducted a 3-year study for EPA's Office of
Research and Development on coal ash and flue gas desulfurization waste
disposal practices at coal-fired power plants. The study involved
characterizing wastes generated at coal-fired power plants and gathering data
to assess the environmental effects and engineering costs associated with the

disposal of combustion wastes.

Results of the study were intended to be used: (1) as a technical basis to
help EPA determine the degree, if any, to which disposal of these wastes should
be managed to protect human health and the environment; and (2) to provide
useful information on environmentally sound disposal of coal ash and FGD wastes

to utility planners and state and local permitting officials.

To accomplish these goals, in-depth evaluations of six waste disposal sites

around the country were undertaken. The study approach is discussed below.

E.1 SITE SELECTION PROCESS

To characterize the different types of waste generated at coal-fired
utility power plants, individual assessments of impacts were conducted at
specific waste disposal sites. Only six sites were actually investigated,
although the original intent of the study was to examine a larger number of
utility disposal sites. The process by which these six sites were selected is

briefly discussed below.
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The 48 contiguous states were divided into 14 physiographic regions,1 and

2 was available were identified in each

coal-fired power plants for which data
of these regions.3 Sites were then screened to identify those for which a
reasonable assessment of data obtained from one year of environmental
monitoring would be possible. Screening criteria were based on
engineering/technology-related, hydrologic, and other site-selection factors

(e.g., site age, generating capacity, technological or hydrogeologic

complexity, waste types generated, disposal methods, site location, etc.)%

As a result of this process about 26 "candidate sites" were chosen. The
"candidate sites" were then subjected to further evaluation to assess their
suitability. This included:

° contact with the facility to determine its willingness
and ability to cooperate in the study.
. a visit to the power plant and disposal sites; and

] review of the available data on the hydrogeologic and
environmental setting of the area and site.

On the basis of these evaluations, a final number of six sites were selected.
These six sites were the Dave Johnston Plant in Wyoming, the Sherburne County
Plant in Minnesota, the Powerton Plant in Illinois, the Elrama Plant in
Pennsylvania, the Allen Plant in North Carolina, and the Smith Plant in Florida.
Factors that were considered to be important in the selection of each site for

of the study are discussed in subsequent sections.



E.2 SITE INFORMATION

Exhibit E-1 shows the general locations of the six sites of the ADL study.
Exhibit E-2 provides information from each site, including generating capacity,

operating dates, and waste type and disposal method.

E.3 STUDY APPROACH

Investigations carried out at the six sites included physical and chemical
sampling of the wastes, soils, ground water, and surface water at the site,
subsurface explorations utilizing boring and wells, soil and rock classification
and mapping, and water balance studies. Results were used to make individual
environmental assessments of each site (i.e., assessing the effects of waste
disposal on ground-water and surface-water quality). Findings from the six
sites were also used to try to make generic projections of industry-wide

implications of coal ash and FGD Waste Disposal.

The six sites are discussed individually in the following sections, E.4-E.9.
A brief description is given of each site’s disposal activities, hydrogeology,
and reasons fof it’s selection by ADL for study. Also presented are the results
of testing done at the site and discussion of these results. An analysis of the
testing results at the six sites for QA/QQ is presented in Section E.10. A
summary of findings at each site and a discussion of conclusions that can be
drawn from the ADL study in regard to the environmental impacts that may occur
due to waste disposal practices at coal-fired power plants is presented in

Chapter 5.
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EXHIBIT E-1
LOCATIONS OF SITES SELECTED FOR ADL STUDY
SHERBURNE COUNTY (SHERCO)

DAVE  JOHNSTON

Source: Tetra Tech, Incorporated, Groundwater Data Analyses at Utility Waste
Disposal Sites. This report evaluated the A.D. Little data for the

Electric Power Research Institute.
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EXHIBIT E-2

INFORMATION ON SITES OF ADL STUDY

Capacity (MW)

Startup Date

Wigh Priority Issues
Under Study
loyment
of a
Ground- Surface- Poteatially

it

Locat ion meplate
Plant Utility State Tounty Cenerat ing  Unit On
Allen Duke Power NC GCaston 1155 - -/57
Elrama Duquegne PA Hashington 510 510 6/52
Light
Dave Pacific Power WY Converse 150 - -/51
Johnston & Light
Sherburne Northern " Sherburne 1458 1458 5/16
County States Power
Pouwerton Cosmonwealth 1[0 Tazewell 1786 - -112
Edison
Salth Gulf Power FL Bay 30 - 6/65
otes:
Ul - Unltined

Al - Actificlally Lined

bDlsposol site operated by Conversjon Systems, lac,

10/75

5/16

Waste Site Under Stud
lihpoui

water water Mitigative

Waste Type Method™ Quality Quality Practice
Combined fly Pond (UL) x x x
and bottom
Ash
Stabilfized Landfil} x x x
FGD waste (oL
Cosbined fly offaite)
and bottom Landfilt
ash (vL)
Fly Ash Landfill b 3 - 3

(uL)
Fly ash/FCD Pond (AL) % - %
Combined fly landffll x x x
and bottom (AL)
ash
Combined fly Pond (UL) x x x
and bottom
ash

-1
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E.4 ALLEN PLART

Plant Allen of Duke Power Company is located in Gaston County, North
Carolina, four miles southeast of the town of Belmont. The plant began
operations in 1957. The plant site is adjacent to the west bank of Lake Wylie,
an impoundment that is part of the Catawba River Development. At the time of
the study, there were five units at the plant. Electrostatic precipitators were
added to all units between 1965 and 1970. The Appalachian bituminous coal used

for fuel had about one percent sulfur and 12 to 15 percent ash.

The coal ash disposal site at the Allen Plant consisted of two separate,
major units (Exhibit E-3). One unit was the operating or active ash pond, 146
acres in size, which was unlined and dates back to 1973. Combined fly ash and
bottom ash were wet-sluiced to the pond (using waters from Lake Wylie). In
addition, the pond received two types of low-volume wastes: surface runoff from
the power plant (including coal pile runoff) and boiler cleaning wastes.
Significant amounts of copper, nickel, and zinc were added to the disposal pond
during boiler cleaning events. The liquid supernatant from the pond was

discharged untreated into Lake Wylie.5

A second retired ash disposal pond was located immediately north of and
adjacent to the active pond. This 127 acre facility was used from 1957 to 1973
for disposal of fly ash and bottom ash. Part of this pond had been graded,

covered with soil, and seeded.

The igneous bedrock at the site slopes toward the lake and has been intruded

with permeable dikes and sills. These dikes and sills tended to create
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EXHIBIT E-3
DISPOSAL PONDS AND SAMPLING LOCATIONS AT ALLEN SITE

ND

ALLEN DISPOSAL SITE
GASTON COUNTY, NORTH CAROLINA

® ADL WELLS

SCALE
1
o 215 550

FEET

LAKE WYLIE
- -

~-

~
>
F
H
x
; cL. K]
ASH
1 DELTA
]
ACTIVE ) ,5;:1
ASH POND t Ash
(1973 %0 Preasent) Discharge}
" To Power
A RECLAIMED Plant

Mo ASH POND
11957-1973)

?

(-3
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drainage paths. Overlying the bedrock was a thick soil layer formed from the
underlying bedrock. This "residual” soil layer ranged from 10 to more than 40
feet in thickness at the site, and was composed chiefly of sand and silt.
Beneath some portions of the site, there were alluvial deposits filled with

loose and permeable material.

The Allen site received an average of 43 inches of precipitation a year.
The net ground-water recharge from precipitation was about 12 inches per year.
In addition, a large amount of ash sluice water entered the pond (approximately
30 times as much water as the total direct precipitation on the active pond).
There were indications that plant discharges into the disposal ponds had created
ground-water mounding in their immediate vicinity and had saturated the vadose
zone. The residual soil and alluvium comprised the aquifer in the vicinity of
the Allen site. Upgradient from the pond, the water table was approximately 30
feet beneath the land surface. Immediately downgradient, it was continuous with
the surface of Lake Wylie. Local surface and ground-water flow was easterly

towards Lake Wylie.

Factors that were considered to be important in the selection of the
combined fly ash/bottom ash disposal operation at the Allen Plant for study
included the following:

° The site was located in the Piedmont Region, which
contained significant coal-fired generating capacity;

o The practice of pond disposal of combined fly ash and
bottom ash was the most common disposal practice for

these wastes in the United States and virtually the only
disposal practice in the Piedmont Region;



E-9

L The environmental conditions (the amount of
precipitation and the mix of residual and alluvial
soils) were considered typical of many other locations
in the eastern half of the U.S. and are particularly
representative of the Piedmont Region; and

° Co-disposal of intermittent, contaminant-rich waste
streams (i.e., boiler cleaning wastes and coal pile

run-off) in ash ponds occurred at Allen Plant and was
also widely practiced at other utility sites.

E.4.1 Sampling Approach

Samples of wastes and soils were collected for physical and chemical
testing. Samples of ground water, waste fluids (or liquors), and ash pond
discharge samples were collected for chemical testing. A series of attenuation

tests were executed using ash pond liquors and local site soils.

ADL installed 18 monitoring wells at the site, of which four were drilled
close together but to different depths. Three wells were intended to be
background (upgradient) ground-water wells, however, two (Wells 3-4 and 3-4A)
were inundated more than once when the pond elevation rose. Thus only one well
yielded representative background ground-water data (Well 3-4B). Onme
downgradient ground-water well (Well 3-5) was drilled on the south side of the
active pond dike. The other 10 downgradient ground-water wells were located
between the active pond and Lake Wylie. Seven of these downgradient wells were
drilled into the residual soils (Wells 3-5, 3-6, 3-6C, 3-7A, 3-8, 3-9, and
3-94), one was drilled into alluvium (Well 3-6A), and two were drilled into what
is identified as "£fill" (it is unclear what this material is). Four of the
downgradient wells were considered to be "representative" of the site -- Wells

3-6, 3-9, 3-7A, and 3-8.



E-10

One monitoring well was located within the retired ash pond (3-1) and
appears to have sampled waters in and under the older waste. Three monitoring
wells were drilled within the active ash pond. One sampled fluids within the
ash solids (pond liquors, Well 3-2A), one sampled water within the alluvium
under the ash and within the ash (Well 3-2), and one sampled water in the
residual soils under the ash and within the ash (Well 3-3). Fluids from the ash

pond that are discharged into Lake Wylie were also examined (Well 3-13).

Locations of site wells are shown on Exhibit E-3. Wells were sampled for
contaminant concentrations on three dates. The values of and trends in sampling
and analysis results for the site, and comparison of ground-water concentrations

with relevant EPA standards for drinking water are discussed below.
E.4.2 Results

_Exhibit E-4 presents the results of chemical sampling at the Allen site.
This includes samples from the downgradient and upgradient ground-water wells,
samples from wells placed within the wastes to collect interstitial waters or

fluids, and water samples obtained from materials beneath the wastes.

Waste Solids. Fly ash and bottom ash wastes in the abandoned pond were
found to be segregated due to different discharge locations. The bottom ash was
found to have a greater permeability than the finer fly ash. No distinct zones
of fly ash and bottom ash were found in the active pond. A range in

permeability of 2 x 1074 cm/sec to &4 x 1073 cm/sec was found.



EXHIBIT E-4

CHEMICAL SAMPLING RESULTS FOR ALLEN SITE

ALLEN SITE
(no Surface Vater data)
L]

Units = ppn  lGround vater Iater In and Under Uaste iVaste I
I 1 2 kY | & S/ &/ |
POVS | Total Downgradient |*Representative® Downgrad. | Upgradient | Mater Under Active Pond | Water Under Retired Pond | Pand Liquors |
| {11 wells) | (4 wells) | {1 well) | (2 wells) | (1 wet?) | (8 stations) |
) ) | Promme s Jomomsms e e [ [
Drinking | u 8/l " a/l " 8/1 " 8/1 " L1 9 10/ 8/1
Contas.  UVater | Total Exceed. Mox. | Total Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. | Tota! Exceed. Max. ISasples  Ave. Max. |
Standard 1Samples Samples Exceed. Samples Samples Exceed. |Sasples Samoles Exceed. |Samples Samoles Exceed. |Sasples Samples  Exceed. DDetect. Conc.  Exceed. |
| | l -- Jommommmm momccen coeeoooe | }
Arsenic 0.05 | 12 0 | 7 ] | 2 i} | 4 0 | 2 2 1.1 3 0.55 051
{lig.) | | | | | | |
Bariua 11 k)| 0 [ 12 0 I k] 0 | b 2 1.3 1 3 0 | ? 0.23 |
I | | [ [ | |
Cadaivm 11/ 0.01) k)| ] | 12 [} | 3 [} ! b 8 | 3 ] { t 0.093 5.314
| | | | i I |
Chrosiuva 0.05 ¢} i 0 | 12 0 | k] 0 | [ 0 | k) [1] | 4 0.0% |
(Ce VD) | 1 | ! 1 [ |
Fluoride 401 k 0 | 1" 0 I 4 0 | 7 1] } 3 1 I 7 0.7 i
| | | 1 | | [
Lead 0.051 n 0 | 12 ] | 3 0 | [ (] | k| -0 | 0 |
| i ) | ! | 12/ |
Mercury 0.002 | 0 | ] | (I | 0 | 0 ) NS |
\ ! | | i ! !
Nitrate 13/ (LN k1 (1] i 1% 0 i [} I | 7 0 | k) 1] | ] 1.4 |
! ! | | | | |
Seleniue 0.01 1 S 1] | [} 0 | 2 0 | 2 0 | 1 0 | 3 0.00&7 |
(lia.) i | | 1 | | |
Silver 0.051 k)| 0 | 12 0 | 3 i} | [ 0 1 3 0 i 0 !
| | | | | | |
| | i feun | i |
SONS ) | | | | | |
{ i 1--- t ! J--- |
Chioride 0 ) 3 1 | 14 0 | [} 0 | 7 0 | 3 0 | 8 9 !
| ) I | | ! 1
Copper 11 k)| 0 | 12 0 | 3 0 | 3 0 | 3 0 | & 0.0 |
| ! | | ! 1 1
lron 0314 3 7 82 1 12 3 48 1 ] 1] | [ 3 89.7 1 k) [ ! ? 0.02 |
I | | | | | |
Manganese  0.05 | k)| 19 102 | 12 5 56 | 3 1 1.4 b [ 2680 ) 3 ] | 7 2.1 |
1 | 1 ! | [ |
Sul tate 50 | un 1} | " 0 { 3 0 | 17 0 | 3 ] i 8 1 |
I | | ! | | |
Tinc S 3 [ | 12 1] | K] 0 | b 0 i ] 0 i 1 0.03 |
| | | { | | 12/ |
pH Lab 14/  (¢=6.5I 10 10 £.71 [} [} 6.1 | 1 1 591 2 2z 631 1 1] | NS |
| | | | [ l 12/ |
)=0.51 10 0 | [} 1] | 1 0 | 2 0 i 1 1 10.2 | NS |
| ’ | | i | I 1 |
pH Field 14/ ¢=6.51 28 2 [N 10 4 5.91 3 3 421 [ ? b4 | 3 0 I NS |
| { | | ' | v} |
yz8.54 i) 0 1 10 0 | k} ] ! [ o [ 3 } 1.4t NS [
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EXHIBIT E-4 (Continued)

CHEMICAL SAMPLING RESULTS FOR ALLEN

17 de!ls 3-S5 (thes we ! 5 somewdat pe-ipherai t3 pond)s 3-60 3-60, 3-74, 3-8, 3-9, 3-9A,
3-6A, 3-48; 3-BA, and 3-7.

2/ Vells 3-9, 3-7A; 3-4: ard 3-B. These we!l's were chosen by AL as being representative
of the dawngradient grounduwater.

3/ Vel} 3-4B.

4/ Vells 3-2 (al1.) and 3-3 (res.). The {luids collected at these wells are from beneath the
active ash pond

5/ Well 3-1. The tlyids trom this well are trom beneath the retired ash pond.

&/ Stations 32 {16-18 t)y 3-2 {20-22 t1), 3-2 2628 1), 3-2 {3B-40 ti)
J-2A (24.5-26.4 $1) 3-3 {10-12 tt), 3-3 (22-24 tt)) and 3-D (24-26 11).
These "pand liquars”® are tluids callected from within the landtilled wastes.

7 The nusber o sasples with reported concentrations above the drinking water standard.

8/ Max. Exceed. is the cancentration of the greatest reparted exceedance divided
by the drinting water standard for that particular contaminant. The only
exception is for pHs where Max. Exceed. is the actual seasurement

9/ The nusber of “"pond liquor” samples with reported concentratians above the reported
detection limits. An entry of *0” indicates that no sasple had a detectable contaminant
concentrations not that no sasples were taken (see footnote 13)

10/ Ave. Conc. is the average al the reported concentrations of all “pond liquor”
sasples taken that showed a contaminant concentration above the detection limit.
The reparted pH measurements of the "pond liquars” are also averaged.

11/ Uhere the reporied detection tinit for radeius was greater than the drinking
vater standard and the sasple contained less contasinant than the reparted detection
fimits the sanple is tabulated as being be.ow the drinking water standard.
Far sose water sasples collected fram total and *representative” downgradient groundwater
upgradient groundwaters and under the active and retired ash ponds, the reported detection
limit of 0.1 was greater than the POMS for cadeius.

12/ The solubility of tlouride in water s mariediy atfected by tesperature. 0f the temperature
ranges and corresponding maxisum allnwable contaminant levels repo-ted for tiouride in the NIPUDS,
the range shown an this table (256.3-32.5 () correspunds to the apst stringent allowable
maxieum cOntaminant concentration.

13/ NS = npt sampled
14/ As indicated in footnote B, the Max. Exceed. co umn tor reported ph measuresents

15 a tabulation of the actuai measuresents, ncl the saxisus exceedance divided by
the drinking water Standard.

SITE
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Waste Fluids. Results from fluid samples collected from wells implanted
within the waste indicate that these fluids or pond liquors, when compared to
Primary Drinking Water Standards, exhibit elevated concentrations of arsenic (up
to 31 times the PDWS) and chromium (up to 2 times the PDWS). Although waste
fluids are not directly ingested, comparison to the drinking water standards are

shown to indicate the potential for contamination at the site.

Observed levels of arsenic in the pond liquors were up to 31 times the PDWS.
Although interpretations to EP (extraction procedure) test results cannot be
readily made, it should be noted that the results of EPA Extraction Procedure
(EP) tests on waste samples from this site indicated much lower levels (about
two orders of magnitude) of arsenic than the elevated concentrations of arsenic

measured in waters from within the ash.

Water samples obtained from in and under the closed ash pond exhibited a
slight exceedance of the PDWS for arsenic. The pH of these samples (as high as
11.4) indicated alkalinity. Water samples obtained from in and under the
active ash pond exhibited a slight exceedance of the PDWS for barium (1.4 times
the PDWS). These samples also exhibited elevated concentrations of iron (up to
90 times the SDWS), elevated concentrations of manganese (up to 280 times the

PDWS), and slight acidity (pH as low as 6.3).

Ground water. Estimates were made of seepage velocities at the site.
Results from these calculations appeared to indicate that there had been enough
time for waste leachate constituents in the eastern (downgradient) portion of

the disposal pond to have reached downgradient wells and Lake Wylie.
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No exceedances of Primary Drinking Water Standards were found in the ground
water of the downgradient wells or the ground water of the upgradient wells.
Secondary Drinking Water Standards were found to be exceeded in the downgradient
ground water for iron (up to 82 times the SDWS) and manganese (up to 102 times
the SDWS). These contaminants were not observed in the pond liquor samples, but
were the same as those obsetved in water samples collected in and under the
wastes of the active pond. Downgradient ground water was found to be slightly
acidic (pH as low as 4.4). Secondary Drinking Water Standards were also found
to be exceeded in the upgradient ground water for manganese (up to 1.4 times the
SDWS). The pH also indicated slight acidity (pH as low as 5.9) in the

upgradient ground water.

Surface Water. No surface water samples were collected at this site.

Attenuation Tests. The results of attenﬁation tests with pond liquor
solutions and site soils indicated that the local soil attenuation capacity for
arsenic was very high (10 micrograms/gram of soil). It appears likely that
arsenic was chemically attenuated by iron and/or manganese oxides which were
found to be present in high levels in the soils under and around the ash pond.
The degree of attenuation was also determined to be high for selenium. The
estimated chemical attenuation of strontium and sulfate was found to be

moderate.

Ash Pond Discharge. Ash pond discharges are discharged directly into Lake
Wylie. Results from sampling are presented in Exhibit E-5. Arsenic was found
to exceed the PDWS (up to 1.25 times the PDWS) in the discharge samples and

manganese was found to exceed the SDWS (up to 1.8 times the SDWS). These
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(Direct ash sond discharge into Lake Wylie)

Units = pew 1Lake Wyiie Discharge

|
|
|
|
!
|
|
{
|
|
|
!
I
|
|
}

| 1/
POWS | Discharge
| {1 station)
|
Orinking | 2/ 3
Contas.  Vater | Total Exceed. Max.
Standard |Samoles Sameles Exceed.
|
drgenic 0.05 1 1 1 1.2
{liq.) |
Barium 11 2 0
|
Cadwive 0.01 1 1 g
i
Chromiue 0.05 1 2 0
{Cr VD) I
Fluor 1de (W 3 0
|
Lead 0.05 1 2 0
|
Mercury 0.002 1 0
1
Nitrate &/ (L] 2 0
|
Seienium 0.01 } 1 0
(1iq.) |
Silver 0.0s 1 2 0
|
!
SNS |
1
Chigride S0 2 1
|
Capper 11 2 i}
1
{~on 0.3 I3 a
I
Nanganese (.05 | 2 1 1.8
|
Sul tate 50 ) 2 a
!
Zine S Y4 ]
]
oH Lab S/  (=4.51 @
|
)=8 .51 0
!
pH Field 5/ (26.5 2 (1]
i
»#8.51 2 1 8.9

!
!
|
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|
|
!
|
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|
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|
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|
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EXHIBIT E-5

ASH POND DISCHARGE RESULTS FOR ALLEN SITE

1/ Station 3-13.
2/ The nusber ot sawnles with resarted concentrations above the driniing water Stangard.
3/ Max, Exceed. 's the concentration ot the greatest reported exceecance divided
by the drinking water standard tor that particular cantaminant. The oniy
exception is for oH) where Max. Exceed. is the actual measuresent.
&/ The POUS tar nitrate seasured as N is 10 ppa.
S/ As indicated in footnote 3, the Max. Exceed. coiusn for recorted pH seasuresents

is a tabulation at the actual measurements, not the saximus exceedance div:ded by
the drinking water standard.
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samples were also found to be alkaline and in exceedance of Secondary Drinking

Water Standard for pH (pH up to 8.9).

E.4.3. Discussion and Conclusions

At all ground-water sampling locations at the Plant Allen site, levels of
contaminants did not exceed Primary Drinking Water Standards. Some exceedances
of Secondary Drinking Water Standards were noted, including iron at downgradient
wells and manganese at downgradient and upgradient wells. Samples at both
upgradient and downgradient ground-water wells were also found to be slightly to
moderately acidic, with a seeming increase in acidity in downgradient well
samples. In fluids obtained from the pond wastes (pond liquors), highly

elevated concentration levels of arsenic were detected.

It is not clear to what extent migration of waste leachate to downgradient
ground water had occurred. Examination of concentrations for ash solutes such
as sulfate, boron, chloride, calcium, magnesium, strontium, and sodium in
upgradient versus downgradient wells and in pond liquors indicated that these
constituents are present in higher concentrations in pond liquors and in
ground-water wells downgradient from both active and retired ponds than in
upgradient or background ground water. Consequently, this indicates that some
leaching and migration of ash wastes had occurred to the extent that solutes
have reached the downgradient wells. At the time of the study, no serious
degradation of water quality due to ash leaching had occurred. Whether this has

changed or may change in future years is discussed below.

The surrounding soils in the immediate vicinity of the ponds appeared to
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have been able to attenuate the contaminants arsenic and boron, thereby limiting
their downgradient movement. The results of the attenuation tests were
evaluated along with the water balance, geological profile, mass balance and
physical testing data to estimate the potential for long-term leaching of
arsenic from the ash ponds to Lake Wylie. It was estimated that the attenuation
capacity of the surrounding soils would be sufficient to prevent passage of
arsenic leachate with concentrations in exceedance of drinking water standards
into Lake Wylie for longer than the estimated 15 year operating life of the

active pond.

As mentioned previously, it was likely that at the time of the study only
leachate generated in the downgradient (eastern) portions of the ash ponds had
begun to reach downgradient ground-water wvell locations, and that leachate
from the upgradient (western) portions had not yet reached downgradient
ground-water wells. This suggests that the downgradient ground water had not
yet reached steady state conditions (or concentrations) with respect to the
movement and admixing of leachate generated by the ponds, since steady state
conditions (i.e., all potential flow paths carrying leachate) would not be
achieved until the whole pond contributes leachate to downgradient locations.
This means that concentrations of contaminants present in leachate of the waste
(pond liquors) could be expected to increase in downgradient ground water over
the next several years. While a precise estimate of future ground-water quality
at the site cannot be made, steady state concentrations may range between

existing concentrations and concentrations typical of ash leachate.

Since Primary Drinking Water Standards contaminants appeared to be either

attenuated by soil at the site or were not present at elevated concentrations in
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the pond liquors, ground-water degradation by these constituents may not be
expected in the future. If arsenic had not been attenuated by soils at the
site, future concentrations of arsenic in downgradient ground water could have
been as high as 31 times the Primary Drinking Water Standard (the concentration
in pond liquors). Additionally, since the Secondary Drinking Water Standard’'s
contaminants were not observed to exceed standards in either the pond liquors or
the downgradient wells, significant degradation of the ground-water quality due
to future increases in downgradient concentrations (incremental leachate

impacts) of these contaminants would not be expected.

It has been suggested that the lack of elevated concentrations observed in
the ash pond liquors of elements added to wastes from boiler cleaning wastes

(copper, nickel, zinc) was due to their precipitation upon mixing with pond liquors.

In summary, Allen Plant in North Carolina disposed of a mixture of fly ash
and bottom ash in two unlined disposal ponds, one retired and one in active use.
Intermittent waste streams, such as boiler wastes and coal pile runoff, were
also disposed of in the ponds. While comparisons of concentrations of
waste-related constituents in upgradient and downgradient ground water and in
waste fluids indicated that leachate migration had occurred, exceedances of the
Primary Drinking Water Standards were not found to occur in ground-water samples
(i.e., no significant degradation of ground-water quality). Elevated
concentrations of arsenic (up to 31 times the PDWS) were found in fluids within
the active ash pond. Attenuation tests indicated that these concentrations of
arsenic were 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 attenuating soils had not been present.
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Secondary Drinking Water Standards were found to be 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
elementsvpresent in the soils of the site. ADL calculations of seepage
velocities at the site suggested that it was possible that steady-state
conditions had not been achieved. Increases in downgradient ground-water
concentrations of non-attenuated waste leachate species may be expected in the

future.

E.5 ELRAMA PLANT

The Elrama Power Plant is located in Washington County, Pennsylvania,
approximately 20 miles south of Pittsburgh. At the time of the ADL study, it
had four units and burned Appalachian coal having 2-2.5 percent sulfur and 19
percent ash. Waste disposal methods consisted of wet sluicing bottom ash and
occasionally fly ash to an on-site interim pond. The dewatered contents of the
pond were subsequently excavated and removed to a landfill disposal site. 1In
1975, limestone scrubbers were added to remove sulfur dioxide from the flue gas.
The FGD scrubber sludge was mixed with dry fly ash and lime to form Poz-0-Tecb
at a processing facility on the power plant site. This fixation step was a
proprietary process. The fixated sludge was then trucked approximately 12 miles
east to the disposal site, in Elizabeth Township, Allegheny County, where it was
placed in a landfill. The plant and disposal site locations are shown in

Exhibit E-6. Disposal of scrubbing wastes at the disposal site began in 1979.
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EXHIBIT E-6

LOCATION OF THE ELRAMA POWER PLANT AND DISPOSAL SITE
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Bottom ash and sludge from a coal pile runoff treatment pond were also disposed
at the landfill. At the time of the study, approximately 1500 tons of waste

were placed in the facility each day.

The disposal site was on a hillside overlooking the Youghiogheny River in

Allegheny County, Pennsylvania. The area of the fill at the time of sampling
was 22 acres. The waste was being disposed on top of coal strip-mine spoils,
and was implanted in a series of terraced lifts. At completion, the outer part
of each Poz-0-Tec 1lift was covered with about 2 feet of soil and seeded. A
vertical profile through the disposal site is shown in Exhibit E-7. Unlined
sedimentation ponds at the foot of the landfill collected surface runoff from

the waste fill. The westernmost pond had an overflow discharge to the river.

The bench that the landfill Qas located on was created by mining of the
Pittsburgh coal seam. Beneath this bench, the sedimentary bedrock was overlain
by floodplain deposits of aluminum (silts and sands) up to 40 feet thick. Under
much of the waste, the bedrock was covered by a five to ten feet thick layer of
soil and weathered rock ("residual soil®™). In the westernmost part of the
landfill, mine spoil materials left from previous strip coal mining operations
underlay the Poz-0-Tec wastes. The spoil material was an unconsolidated mix of
soil, coal wastes, and bedrock fragments. Leachate from the mine spoils was

noted by the site operators as being acidic.

The average annual precipitation at the Elrama site was 38 inches. The

water table at the Elrama site sloped steeply from southeast to northwest,
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roughly parallel to the ground surface. Most of the mine spoil material was
saturated during the period of the ADL study. The saturated zone extended up
into the lower portions of the Poz-0-Tec fill. Ground-water levels varied
considerably with the site topography, being relatively deep in the bedrock at
the higher site elevations and varying from 20 to 30 feet below ground surface
in the low lying alluvial deposits. All surface and ground-water flow was

northwesterly to the adjacent Youghiogheny River (Exhibit E-8).

Factors that were considered important in the selection for study of the

fixated FGD waste landfill operation at the Elrama disposal site included:

. Fixated FGD waste landfilling was available for study at
very few sites in 1980; however, this disposal option
was planned for many other locations in the United
States. The type of fixation practiced at Elrama was
based on controlled mixing of FGD combustion waste from
a thick slurry to a highly alkaline, soil-like material.
This process makes landfill disposal a practical
alternative to pond disposal.

. Landfill disposal of FGD wastes in abandoned strip mines
was also a growing practice at the time of the study.
The Elrama landfill site occupied an abandoned coal
mining area that exhibited acid mine drainage. This
situation represented an opportunity to fill a
significant data gap on highly alkaline waste disposal
in a typical acid mine drainage setting.

. Climatic conditions (average rainfall, temperature range
and typical frost penetration) was considered
representative of the Appalachian Region.

L There was generally good ground-water flow expected in
this setting.

] Alluvium underlying the disposal area was anticipated to
provide a good monitoring medium.
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EXHIBIT E-8

GROUND-WATER FLOW DIRECTIONS AT ELRAMA
DISPOSAL SITE
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L The landfill was in close proximity to surface water (Youghiogheny
River), although it was separated from the river by runoff
collection ponds.

E.5.1 Sampling Approach

Samples of wastes and soils were collected for physical and chemical
testing. Samples of ground water, waste fluids (or liquors), and surface water
samples were collected for chemical testing. A series of attenuation tests were
performed using local site soils and pond liquor solutions (spiked with trace

elements).

Sixteen monitoring wells and three lysimeters were installed at the site.
One upgradient ground-water well (Well 1-14) was installed in the alluvial
floodplain for background monitoring purposes, and one upgradient ground-water
well (Well 1-2) was installed within the mine spoil debris. Following site
development and the sampling visit, fixated FGD waste was disposed adjacent to
and upgradient of well 1-2. Five downgradient observation wells (1-11, 1-8,
1-10, 1-4, and 1-5) were installed in the alluvial flood plain deposits of the
Youghiogheny River. Observation wells (1-6, 1-13, 1-12, 1-15, 1-9, 1-3, 1-6A
and 1-15A) and lysimeters (1-6, 1-13A, and 1-12A) were installed in the lower
benches of the compacted waste fill to sample waters from beneath and within
the wastes. The lysimeters were installed in the unsaturated vadose zone
beneath the waste f£ill deposit to provide interstitial water samples which had
not been in contact with any mine spoil leachate. In addition, surface water
samples were collected from five sampling stations in Youghiogheny River --

four downgradient (downstream) and one upgradient.
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Locations of site wells and surface water sampling locations are shown on

Exhibit E-9. Sampling at the site was conducted on three occasions.
E.5.2 Results

Exhibit E-10 presents the results of chemical sampling at the Elrama site.
This includes samples from the downgradient and upgradient ground-water wells,
samples from the well and lysimeters implanted within the waste to collect
interstitial fluids, water samples obtained from beneath the waste, and surface

water samples. Results are discussed below.

Waste solids. Fly ash and bottom ash were found to occur in layers within
the waste. Coefficients of permeability ranged from 7 x 10'6 cm/sec to 1 x

10-3 cm/sec.

All three wastes disposed at the site, fixated (with lime and fly ash) FGD
waste, bottom ash, and mine spoil, were chemically analyzed. Calcium was found
to be present at much greater levels in the fixated waste than in the mine
spoil. Sulfate and aluminum concentrations were found to be high in the mine
spoil and the FGD waste. However, sulfate was noticeably higher in the FGD
waste. Arsenic was detected at significantly higher concentrations in the FGD
waste than in the other materials. Additionally, the FGD waste was found to be

highly alkaline and the mine spoil acidic.

Fluids In and Beneath Waste. Fluid samples collected from the

on-site waste may represent leachate from these wastes, so that examination of
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EXHIBIT E-9

SAMPLING LOCATIONS AT ELRAMA DISPOSAL SITE
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EXHIBIT E-10
CHEMICAL SAMPLING DATA FOR ELRAMA DISPOSAL SITE

ELRAMA S)TE

{no Pond Liquor data)
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EXHIBIT E-10 (Continued)

CHEMICAL SAMPLING DATA FOR ELRAMA DISPOSAL SITE

1/ Vebls 1-110 1-8 (29 #1), 1-8 (4D 1), 1-10 (36 t1), 1-10 (37 f2)s 1-4 (B +0)s 1-4 (28 #1),
1-4 (41 £}, and 1-5.

2 el §-14,

3 Vells 1-30 1-15A, 1-13A; 1-12A, 1-7, 1-6 (SO #2) 1-b (52 f1), 1-b (S5 #t)y 1-13, 1-12, 1-15s
1-95 1-8A (SZ €1)s and 1-6A (50-S5 f1). Lysineters were used ot wells 1-13A; 1-7, and 1-12A
tor sasple collection.

4/ Uel) 1-2.

S/ Stations 1-17) 1-24, 1-75, 1-2b.

&/ Station 1-16.

7 The number ot sasples with reported concentrations above the drinking water standard.

8/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard for that particular contasinant. The only
exception is for pH: where Max. Exceed. is the actudl seasuresent.

9/ Uhere the reported detection linit for cadeium was greater than the drinking
vater standard and the sasple contained less contaminant than the reported detection
lisits the sasple is tabulated as being beiow the drinking water standard.
Far sowe water samples collected fron downgradient and upgradient sroundwater, the
reported detection limit of D.1 vas greater than the PONS for cadmive.

10/ The solubility of Houride in water is sarkedly attected by temperature. O the temperature
ranges and corresponding naxisus allowable contaminant levels reported for fouride in the NIPOWS,
the range shown on this table (26.3-32.5 () correspands to the sost stringent allowable
saxisuw contasinant concentration.

X
11/ As indicated in footnote 7, the Max. Exceed. colusn for reported pH measuresents
is a tabulation of the actual seasurements, not the saxisun exceedance divided by
the drinking water standard.

6¢-13
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results from chemical analysis of these samples can yield information on the

potential for ground-water contamination.

Waters collected from materials beneath and within the wastes (utilizing
monitoring wells and lysimeters) exhibited an exceedance of the Primary
Drinking Water Standards for arsenic (up to 5 times the PDWS), cadmium (up to
20 times the PDWS). Exceedances of Secondary Drinking Water Standards were
noted for chloride (up to 2 times the SDWS), iron (up to 221 times the SWDS),
manganese (up to 466 times the SDWS), and sulfate (up to 8 times the SDWS).

Exceedances were also noted for pH (as low as 5.9 and as high as 9.9).

Waters collected from within mine spoil debris beneath the waste exhibited
exceedances of the Primary Drinking Water Standards for cadmium (up to 20 times
the PDWS) and chromium (up to 2 times the PDWS). These samples exhibited
exceedances of the Secondary Drinking Water Standards for iron (up to 570 times
the SDWS), manganese (up to 680 times the SDWS), and sulfate (up to 9 times the

SDWS). Values for pH indicated acidity (as low as 5.1).

The fluids collected from within and beneath the waste are not ingested;
comparison to drinking water standards were done to indicate the potential for

contamination at the site.

Ground water. Because of runoff transport, contaminants were expected to
migrate from the wastes to the downgradient alluvium and eventually to the
river relatively quickly by the runoff and seepage directed to the ponds and
subsequent recharge to the alluvium. Ground-water travel times from the

landfill to downgradient well locations were uncertain, but appeared to range
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from one to five years for near downgradient locations and from five to ten
years for far downgradient locations. Travel time from the runoff collection
ponds to far downgradient locations were in the one to five year range. Thus
it would appear that there had been enough time for constituents in waste
leachate to have reached downgradient wells and the Youghiogheny River.
However, there had also probably been ample time and opportunity for acid
drainage from earlier mining operations to have infiltrated the site’s ground
water. Because the fixated waste had been at the site for only about 2 years
at the time of sampling, solutes in leachate from the waste may not have

reached wells furthest downgradient.

Primary Drinking Water Standards were found to be exceeded in the ground
water of the downgradient wells for cadmium (up to 20 times the PDWS) and for
chromium (up to 1.2 times the PDWS). There were no upgradient exceedances in

ground water of the Primary Drinking Water Standards.

Secondary Drinking Water Standards were found to be exceeded in the
downgradient ground-water wells for manganese (up to 456 times the SDWS) and
sulfate (up to 5 times the SDWS). Exceedances for these contaminants were also
found in upgradient ground water -- manganese at up to 197 times the SDWS and
sulfate at up to 1.5 times the SDWS. Additionally, iron was found to exceed
the Secondary Drinking Water Standards (1.8 times the SDWS) in the upgradient
well. Both the upgradient and downgradient ground-water wells were found to
exhibit pH’'s below the lower limit (6.5) for Secondary Drinking Water
Standards. The pH of the upgradient samples were found to be as low as 4.5,

and those of the downgradient samples as low as 5.2.
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Surface Water. Primary Drinking Water Standards were not found to be
exceeded for any contaminants in both the upgradient and downgradient surface
water (river) samples. Secondary Drinking Water Standards were found to be
exceeded for manganese in both the downgradient (7 times the SDWS) and
upgradient (4 times the SDWS) surface water samples. Both the downgradient and
upgradient surface water samples exhibited pH values belo§ the lower limit of

Secondary Drinking Water Standards (as low as 6.0).

Attenuation Tests. Attenuation tests using various pond liquor solutions
and the soils obtained from the Elrama site indicated that these soils

generally had moderate capacities to attenuate trace metals.
E.5.3 Discussion and Conclusions

Cadmium (up to 20 times) and chromium (up to 1.2 times) were found to
exceed the Primary Drinking Water Standards in downgradient ground water.
Manganese and sulfate were observed to exceed Secondary Drinking Water
Standards in downgradient and upgradient ground water. Exceedances for iron
were also observed in upgradient ground water. Elevated concentrations of
arsenic, cadmium, chromium, and fluoride were observed in waters obtained from
‘within and beneath the landfilled FGD wastes. Chloride, iron, manganese, and

sulfate were observed at elevated concentrations in waters in and under the

waste.

These results and their implications to FGD waste disposal and ground water
quality at the Elrama disposal site are difficult to interpret due to the coal

mining activities that had taken place -- and subsequent acid mine drainage
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that was occurring -- at the site. Interpretations of the results that can be

made are discussed below.

Based on sampling results, differences in concentrations between background
or upgradient ground water, mine spoil leachate and FGD waste leachate, were
observed to occur. Background waters were typically neutral or acidic or
alkaline (alkalinity up to 5 meq/1l), and had low to moderate levels of iron and
manganese and low levels of total salts. Mine spoil leachate was neutral to
acidic and had high levels of iron and manganese relative to background
concentrations. Samples taken from fluids within the Poz-0-Tec FGD waste were
found to be different from both of these two types of samples. It was neutral
to alkaline, high in dissolved solids (or solutes), but low in iron and
manganese, and arsenic and selenium were found to be concentrated in
interstitial waters. Boron mean levels were higher in both types of waste

interstitial waters than in the background samples.

All wells at the site, except the lysimeters screened in the FGD wastes,
were potentially affected by both leachate from the FGD wastes and from the
mine spoil. Both water quality and the water table configuration indicated
that the upgradient background well (1-14) was influenced by mine spoil
leachate or coal seam seepage. High pH (7.9 to 9.9) characterized ground water
samples directly assoéiated with the alkaline fixated FGD waste. As mentioned
previously,‘neutral to low pH (4.5) characterized the background ground-water
samples. Low pH was also found to characterize some of the downgradient
ground-water samples. For both the background (upgradient) and downgradient
samples this was very likely the result of acid mine drainage in the area. The

western portion of the site exhibited the highest downgradient solute
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concentrations. This observation was consistent with the higher permeabilities
measured in the area, plus the fact that the disposal area of FGD wastes and
mine spoils was closer to the downgradient wells here than in areas to the

north.

The high levels of arsenic observed within the interstitial water or
leachate of the FGD waste were not observed in downgradient ground water.
Thus, it appeared that arsenic was being attenuated by the surrounding soils.
High levels of arsenic were not evident in waters attributable to mine spoil

leachate.

Iron and manganese concentrations were elevated at many locations. The
iron concentration was especially high in ground-water samples affected by
FGD-related wastes, while manganese levels seemed highest in samples more
affected by mine drainage. Nonetheless, even the least contaminated ground-
water samples showed levels of these constituents that exceeded the Secondary
Drinking Water Standards. This may suggest that the concentrations of these
constituents were characteristically high in ground water in the area, and both

mining and FGD wastes are likely contributing to incremental elevations.

Concentrations of some major FGD waste constituents (e.g., sulfates)
appeared.gcnorally elevated at this site, prior to its use for utility waste
disposal, as a result of acid mine drainage. This is illustrated by the
similar concentrations evident in lysimeters and wells downgradient of the

landfill and within ground water downgradient of mine drainage.

The data did not indicate a measurable effect of the landfill on the water
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quality of the Youghiogheny River. Surface water results indicated that the

river was diluting migrating leachate.

The trends in contaminant concentrations over the sampling period indicated
that ground water at several downgradient locations had not yet reached
steady-state concentration and was only beginning to be affected by the
landfill. The effects can be expected to increase over time. Even in the
future, there may be little basis for qualitative distinction between the
ground water affected by the fixated FGD waste and acid mine drainage at the
site, and the influence of projected steady-state ground-water concentrations
for many contaminants may be small in magnitude in an already contaminated
situation. However, results from sampling at the Elrama site indicated that
the FGD wastes had been, and may have continued to be, a source of
contamination for some constituents at the site This may be especially true
for the observed cadmium contamination, since the source for this trace metal
was -probably less likely to be the mine spoils (overburden) than the utility

wastes.

In summary, the Elrama Plant in Western Pennsylvania disposed of fixated
FGD sludge-fly ash mixture (known as Poz-0-Tec) along with small volumes of
bottom ash and sludge from coal pile runoff treatment ponds, in an abandoned
coal-mining area twelve miles from the plant. Part of the landfill was
underlain by acid-producing spoils from the strip mining of coal. Cadmium was
found to exceed the Primary Drinking Water Standards in downgradient ground
water by as much as 20 times, especially in the well closest to the landfill.
Steady-state conditions did not appear to have been achieved at the site, so

that effects of leachate from the landfill may have increased with time.
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Certain Secondary Drinking Water Standards (for pH, manganese, sulfate, and
iron) were found to be exceeded in both upgradient and downgradient ground
water at the site. These exceedances probably occurred because of
characteristics of the disposal area and because ground water was already
contaminated from acid mine drainage. Results did not indicate a measurable

effect by the landfill on the water quality of the Youghiogheny River.

Among the trace metal species, arsenic, in water collected from the waste
deposit, was often detected at levels three to five times the Primary Drinking
Water Standards, but appeared to be attenuated by site soils. Arsenic could be
of concern if it were not attenuated by surrounding soils or diluted before

reaching drinking water.

Results from sampling at the Elrama disposal site indicated that the fixated
FGD wastes had been a contamination source at the site. Due to the
contamination of the water by acid mine drainage, the FGD leachate may have had

a small incremental impact on water quality.

E.6 DAVE JOHNSTON PLART

The Dave Johnston Power Plant of Pacific Power and Light Company is located
approximately 30 miles east of Casper, Wyoming. The plant and its ash disposal
facility are located on the north bank of the North Platte River. The plant has
been in operation since 1959, At the time of the study, the subbituminous coal
burned was from the Powder River Basin of Wyoming and had about 0.45 percent
sulfur and 9 to 11 percent ash. Three of the generating units were equipped

with electrostatic precipitators, and fly ash from these units was transported
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in dry form to several landfills. The fourth unit had a wet ash scrubber, and

fly ash from it was disposed in ponds north of the power plant.

There were a number of disposal areas at this site (Exhibit E-11). The ADL
study only investigated a site east of Sand Creek. Two major ash disposal
areas, reflecting different times and methods of placement, were assessed. One
was the existing and operational dry fly ash disposal site and municipal
landfill. The other, to the southeast, was an unlined, abandoned, and reclaimed
ash disposal site. The operational fly ash disposal area was excavated into the
natural sand deposits. No liner was placed in the excavation which was in close
proximity to the ground-water table. There were several other closed ash

landfills at this site, which were estimated to be 10 to 20 years old.

The Dave Johnston Plant was selected for study primarily because it provided
the opportunity to evaluate landfill disposal of dry fly ash. Other factors
that were considered to be in the selection and evaluation of the landfilling

operations at the Dave Johnston Plant included the following:

. The environmental setting combined significant net
evaporation with a flood-plain location that would be
expected to illustrate contaminant migrationm in
identifiable patterns, while exemplifying arid western
conditions.

o Active and inactive landfills were available for study in
the selected portion of the site. These landfills have
been developed over about a 20-year period.
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EXHIBIT E-11

LOCATION OF DISPOSAL AREAS AT DAVE JOHNSTON SITE
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Source: Tetra Tech 1985.
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L The disposal operation was considered to be representative of
existing and future operations at many western locations. At
the active landfill studied, dry fly ash was disposed of along
with small amounts of miscellaneous plant trash, a practice
characteristic of western plants.

The environmental assessment carried out at this plant focused on the effect of
fly ash landfill disposal on downgradient ground-water quality in an arid

floodplain environment,

The Dave Johnston site was located in an arid area. The mean annual
precipitation in the site vicinity was only 12 inches. The majority of the
precipitation was lost through evaporation. Nearly all recharge to the ground-
water system occurred during spring runoff. The area was underlain by bedrock
of shales with interbedded sandstones and thin coal units. The bedrock was
overlain by sand and gravel river terrace deposits and alluvial sediments. Sand
dunes were common throughout the site area. Ground water was found within the
site area in two different and separate hydrogeological environments -- in a
deeper bedrock aquifer and in the near-surface unconsolidated fluvial deposits.
The ground water flowed generally southeast across the active disposal site and
south under the retired landfill (see Exhibit E-12) towards the adjacent North
Platte River. At the closed landfill, located to the southeast of the active
landfill, the distance between the base of the ash and the water table was about
10 feet. The active landfill was excavated to within a foot or less of the

water table.
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E.6.1 Sa-pling Approach

Samples of wastes and soils were collected for physical and chemical
testing. Samples of ground water and fluids from within the waste (pond

liquors) and beneath the waste were collected for chemical testing.

Twelve monitoring wells were installed at the site. Their locations are
shown in Exhibit E-13. Two were installed to sample upgradient ground water
(7-5 and 7-11), three were installed to sample ground water peripheral to the
disposal areas, three were installed to sample downgradient ground water (7-4,
7-6, and 7-9), and one was installed to sample ground water between the active
and inactive ash landfills (7-12). One monitoring well was emplaced in each of
the ash landfills to sample water from beneath these wastes (7-2 and 7-3) and
one was emplaced within the active ash landfill to sample interstitial waste

fluids (pond liquors -- 7-2A).
E.6.2 Results

Exhibit E-14 presents the results of chemical sampling at the Dave Johnston
site. This includes samples from the downgradient and upgradient ground-water
wells, fluids samples from within the wastes, and water samples obtained from

beneath the waste. Results are discussed below.

Waste Solids. Fly ash was found to be layered with bottom ash in the active
ash landfill. Permeability of the waste was found to range between 2 x 10-7 to

6 x 10-5 cm/sec.
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EXHIBIT E-12

GROUND WATER FLOW DIRECTIONS AT DAVE JOHNSTON SITE

well 7-11

.MD

INFERRED FLOW DIRECTIONS S/20/8t
EST. HORIZONTAL SEEPAGE VEL.Vy & %

Kft/sac |T IR | P |V fr/yr
68x10-%| 9/000|025] 8
6axw0-¢| /1300|028 5
esxw0-¢| o3rsiozs! s

N

Source:

Tetra Tech 1985.
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EXHIBIT E-13

DISPOSAL AREAS AND SAMPLING LOCATIONS AT DAVE JOHNSTON SITE

DAVE JOMNSTON DISPOSAL SITE )
CONVERSE COUNTY, WYOMING

WELLS
s‘&tnc‘euium SAMPLING STATION

7/ ASH DISPOSAL AREA UNDER
o CONSTRUCTION
5] ACTIVE ASH DISPOSAL AREA

(] RECLAIMED ASH DISPOSAL AREA

o7-5

zn

717

>
s 3
]

S L TR

ERRRSIRY e

o7-4

Source: Tetra Tech 1985.



EXHIBIT E-14

CHEMICAL SAMPLING RESULTS FOR DAVE JOHNSTON SITE

DAVE JOMNSTON SITE
(no Surtace Vater data)

Units = ppn  |Ground water |Under Vaste IUaste |
| 1 2 n LY S/ |
POVS | Downgradient | Upgradient | Btw. Active/Inactive Area |  Vater Under Uaste | Pond Liquors |
| (3 wells) I (2 wells) | {1 weil) | (2 wells) | {2 stations) |
| | | t i |
Drinking | b 11 &/ w &/ t] &/ M 8/ 9 "l
Contan.  Mater | Total Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. |Samples  Ave. Max. |
Standard ISamples Samples Exceed. |Samples Sasples Exceed. 1Samples Samples Exceed. |Samples Samples Exceed. 1)Detect. Conc.  Exceed. |
| | | | 1 |
Arsenic 0.05 | 2 ] | 3 0 | 0 | 1 0 | NS 11/ |
(liq.} ] | | | | §
Bariue {1 9 0 | b ] | ki 0 | 4 0 i | 0 |
| I | | | |
Cadsive 0.01 | 9 [ kN b 3 3l k| 2 3 [ [} KN 2 ? S
] | | ] | )
Chroniue 0.051% 9 0 ) [ 0 | 3 0 | b 1 | 2 |
(€ V1) | | | | | |
Fluoride 401 12 0 | 8 0 | 4 0 | 8 (1] | 1 1 1
| | | : | ! I
Lead 0.05 I 9 ] | 3 0 | l 0 | 3 (i I (I |
| | | | | 10/ |
Mercury 0.002 | 0 | 0 | Q | 0 | NS |
| | I | | i
Nitrate 11/ 45 ) 12 0 | 8 ] | [} ] | 8 0 ) 0 }
| | | | | 10/ |
Seleniun 0.01 | ? 0 I 3 ] { 0 i [} (] | NS |
{liq.) i | | | | |
Silver 0.05 1 9 0 | 9 0 | 3 0 | [ 0 | 0 i
| | | I { |
| | | I | |
SINS | | | | | 1
| I | | | |
Chloride 0| 12 )] ] ] 0 | [\ ] ) [ 0 | 2 [} |
| | | | I |
Copper 11 9 0 | Y 0 | 3 0 | b 0 1 1 0 |
| | | | t |
iron 0.3 9 0 | b 0 | 3 0 | 4 (] i 2 0 |
{ I | i | i
Manganese D05 | 9 1 321 [ 1 Wbl 3 0 | [ k] 8.4 Y4 1 11
I | ! i I |
Sul tate 50 1| 12 12 5.8 1 8 [} 5.1 4 4 S.11 8 8 5.2 1 2 2 981
| ) | ) ) |
linc S| ? 0 ] [ 0 | k) D | b 1] | ? 1] |
i | | | 1 10/ |
pH Lab 12/ (=b.5} 0 | 0 | 0 | 0 I NS |
| | I | | o |
»=B.5i (1} | 0 [ 0 | 0 { NS {
| | | 1 l 10/ |
pH Field 12/ ¢=6.51 9 0 | b 0 | 3 0 | b 0 | NS 1
| i | | 1 10/ 1
»=8.5) 9 ] ) b 1] ) 3 0 ) 4 o | NS 1

Ev-3



EXHIBIT E-14 (Continued)
CHEMICAL SAMPLING RESULTS FOR DAVE JOHNSTON SITE

il Uells 7-&» 7-b) ano 7-9.
2/ Velts 2-5 and 7-11.
3/ Well 7-12. This weil is located between the active and inactive ash landfills.

4/ Vells 7-2 and 7-3s but not 7-2A. The fluids collected fron these wells are groundwater
from beneath the waste.

S/ These “"pond liquars® are tluids collected trom within and on top of the landfilled wastes
at station 7-ZA.

&/ The nusber o samples with reported concentrations abave the drinking water standard.

i+ Max. Exceed. is the cancentratiaon ot the greatest reported exceedance divided
by the drinking water standard tor that particular cantaminant. The anly
exception is far pHs where Max. Exceed. is the actual seasuresent.

8/ Tre nusber ot “pond !1quor” samples with reported concentrations above the reported
detection |imits. An entry of "0° indicates that no sample had a detectable contaminant
concentration, not that no samples were taken (see tootnote 10)

9/ Ave. Cont. is the average of the reporied concentrations of all "pond liquor”
sampies taken that showed a contaminant concentration above the detection lisit.
The reparted pH seasuresents of the “pond liquors® are a!so averaged.

10/ NS = not sampled.

11/ The sotubility of tlouride in water is markedly attected by tesperature. Of the temperature
ranges and correspanding saxisun allowable contaminant levels reported tor tiouride in the NIPDUS,
the range shoun on this table (26.3-32.5 () corresponds to the most stringent allowable
saxisua contasinant concentration.

12/ As indicated in footnote 6 the Max. Exceed. colusn for reported pH measurements
is a tabulation of the actual seasurements; not the saxiaua exceedance divided by
the drinking water standard.

99-3
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Waste From In and Under Wastes. Results from fluid samples collected from

wells emplaced within the waste indicated that these fluids or "pond liquors,"
when compared to Primary Drinking Water Standards, exhibited elevated
concentrations of cadmium (up to 5 times the PDWS). Comparison of pond liquors
to Secondary Drinking Water Standards showed elevated levels of manganese (up to
1 times the SWDS), and sulfate (up to 10 times the SWDS). No analyses were

conducted for arsenic.

Water samples obtained from under the waste showed exceedances of the
Primary Drinking Water Standards for cadmium (up to 3 times the PDWS). These
samples also exhibited elevated concentrations of manganese (up to 8 times the

SDWS), and sulfate (up to 6 times the SDWS).

Ground Water. Seepage velocities at the site were estimated to be only five
to eight feet per year, due to the arid climate . This suggests that because
the landfills had been in operation for less than 10 years, there may not have
been enough time for waste leachate to have reached the downgradient wells.
However, the active landfill was constructed in an excavation that may have
intersected the underlying water table. This may have allowed contaminant
migration via direct contact between the bottom of the fill and the ground

water.

Primary Drinking Water Standards were found to be exceeded in the ground
water of the downgradient wells for cadmium (up to 3 times the PDWS). Cadmium
was also found to exceed the PDWS in the waste fluids and in waters from beneath
the waste. Upgradient exceedances of the Primary Drinking Water Standards in

ground-water samples were also found for cadmium (up to 3 times the PDWS).
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Secondary Drinking Water Standards were found to be exceeded in downgradient
ground water for manganese (up to 3 times the SDWS) and sulfate (up to 6 times
the SDWS). These are the same contaminants observed at concentrations greater
than Secondary Drinking Water Standards in the pond liquors and waters from
beneath the waste. Upgradient exceedances of the Secondary Drinking Water
Standards in ground-water samples were also observed for manganese (up to 4.6
times the SDWS) and sulfate (up to 5 times the SDWS). The ground-water well
installed between the active and inactive waste landfills was observed to
exhibit exceedances of drinking water standards for the same constituents
observed in upgradient and downgradient ground water wells and at similar
concentrations -- cadmium (up to 3 times the PDWS), and sulfate (5 times the

SDWS) -- with the exception that no exceedance was observed of manganese.

Surface Water. No surface water samples were collected at the site.

Attenuation Tests. Attenuation tests conducted using background soils at
the site showed the soil to have low attenuative capacities for a variety of

trace metals, especially arsenic.

E.6.3 Discussion and Conclusion

All ground-water sampling conducted at the Dave Johnston site (both
upgradient and downgradient) indicated levels of cadmium in exceedance of
Primary Drinking Water Standards. Cadmium was also observed at elevated
concentrations within and beneath the wastes. Secondary Drinking Water

Standards were exceeded for manganese and sulfate in both upgradient and
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downgradient ground water, and in fluids obtained from within and beneath the

wastes of the disposal areas.

These results did not indicate whether migration of waste leachate to
downgradient ground water had occurred, or whether the observed contamination
was caused by a source other than the ash wastes. Other site information that

can aid in interpretation of results at site are discussed below.

The estimation that leachate from the active waste area may not have reached
downgradient wells by the time of sampling would suggest that there may have
been other contamination sources besides the active disposal area. However, it
may be possible that wastes had been in direct contact with the ground water,

allowing for a considerable increase in the velocity of contaminant migration.

Outside of exceedances of drinking ﬁater standards, there did appear to be a
general increase downgradient in ground-water concentrations of major ash
constituents (e.g., chlorine, magnesium, sodium, silicon, énd sulfate). These
increases may be attributable to natural mineral weathering (as discussed

below), or may be due to the effects of ash disposal.

Weathering of the mineralized soils at the site, in conjunction with the low
ground-water velocities in this area, may have allowed natural solute pickup as
ground water moved across the site toward the North Platte River. This pickup
added to the difficulty of distinguishing the effects of waste leachate from the
natural increases in downgradient solute concentrations. However, in wells
screened below the disposal areas, it appeared that waste leachate had caused

increases in solute concentrations (e.g., chlorine, sulfate, etc.). In wells
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further downgradient from the disposal areas the effect of waste leachate were

difficult to distinguish.

Interpretation of results from the Dave Johnston site was difficult due to
its complex hydrogeologic regime and the many waste disposal locations of
varying ages at the disposal site, including the two disposal areas studied.
The actual location of the closed ash disposal sites was uncertain. These old
disposal areas were probably located upgradient from the retired ash pond and
may have also been upgradient of the active ash pond. Thus, leachate from past
disposal activities, instead of weathering of soils, may have been the cause of

upgradient contamination of ground water.

Leachate from the wastes may have eventually reached downgradient ground
water and the North Platte River. If the ground-water contamination observed at
the site was attributable to waste disposal, this contamination can be expected
to increase as leachate reaches steady-state concentrations. It is also
probable that, at least for the observed contamination by cadmium, the
ground-water contamination may have been due to the ash wastes areas, active or

closed, present at the site.

It should be noted that arsenic, which was found in elevated concentrations
within waste fluids from the other ADL sites, was not tested for at this site.
This information on arsenic would have been useful to contrast its concentration
in the waste fluids with the low chemical attenuation observed for the soils of

this site.

In summary, the Dave Johnston plant in Wyoming was located in an arid region
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with little ground-water recharge. The plant was relatively old and burned low
sulfur western coal. There were a number of disposal areas at the site. The
ADL study investigated two landfills southeast of the site, an active one and a
closed one. These landfills were unlined and used for fly ash disposal.
Exceedances of the Primary Drinking Water Standards were found in ground water
upgradient and downgradient of the site for cadmium (up to 5 times the PDWS).
These were the same contaminants found at elevated concentrations in waters
within and beneath the wastes. Exceedances of Secondary Drinking Water
Standards were observed in downgradient and upgradient ground water for
manganese and sulfate. Both of these contaminants, along with boron, were found
in elevated concentrations in waters beneath and within the waste. No samples
were analyzed for arsenic in the waste fluids. Chemical attenuation by soils of

the site were found to be low for trace metals such as arsenic.

Interpretations of the sampling results were difficult to make due to the
occurrence of other potential contamination sources, in the form of older waste
disposal areas at the site (the location and ages of which are uncertain);
potential pickup of major ash constituents from mineralized soil solutes; and
uncertainties in whether, and to what degree, leachate from the two landfills
had reached the downgradient wells. Contamination from the two landfills could
have increased until steady-state concentrations were reached. It appeared that
at least some of the contamination observed, especially for contaminants such as

cadmium, was due to leaching from the many ash deposits at the site.
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E.7 SHERBUBNE COUNTY PLANT

The Sherburne County Plant in Minnesota was located approximately 30 miles
northwest of Minneapolis. The plant site was adjacent to the northeast bank of
the Mississippi River, and consisted of two units, each equipped with fly ash
alkali FGD scrubbers that used limestone. The plant used subbituminous coal
from Montana and Wyoming with a sulfur content of 0.8 percent and an ash content

of about nine percent.

Combined fly ash/FGD waste effluent was thickened and disposed of in a
clay-lined pond which covered 62 acres and lay just southeast of the power plant
(Exhibit E-15). Bottom ash was disposed of in a separate, adjacent, 18-acre
clay-lined pond immediately north of the FGD sludge/fly ash pond. Overflow from
these disposal ponds was directed into a clay-lined basin to the west of the
bottom ash pond, effluents from which were recycled as a scrubber medium or for

waste sluicing. The disposal ponds had been in use since 1976,

The Sherburne Plant was underlain by granite at a depth varying from 50 to
150 feet. Soils throughout the site area consisted of glacial drift (sands and
gravels). Discontinuous lenses and layers of glacial till (dense mixtures of
silt, sand, and clay) also occurred within the drift deposits. Ground water
was in the unconsolidated glacial outwash (drift) sands and gravels. The water
table was approximately 30 to 40 feet below the land surface. Ground-water flow
was generally southwesterly towards the Mississippi River (Exhibit E-16). 1In
general, there was no surface runoff in the site area with all precipitation
infiltrating rapidly through the soils to the ground-water table. Annual

precipitation was about 28 inches.
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EXHIBIT E-15

DISPOSAL PONDS AND SAMPLING LOCATIONS AT
SHERBURNE COUNTY SITE

O W3

oww

own

Owe

: FGDSLUDGE 1y, q
HOLOING : FLY ASH POND
BASIN
os-8
%9

SHERCO DISPOSAL SITE 0 250 %00
SHERBURNE COUNTY. MINNESOTA FEET
© ADL WELLS

A ADL IN-WASTE BORINGS
OUTILITY WELLS
@ SUPERNATANT SAMPLING STATIONS

rd 2

Source: Tetra Tech 1985.
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EXHIBIT E-16

GROUND-WATER FLOW DIRECTIONS AT SHERBURNE COUNTY SITE

EST. HORIZONTAL SEEPAGE VEL. v =%l
K ft/sec { 1 ft/ft , P ’vs ft/yr

3.2x10°8 | 573625 10.31 170

®
’t

e ~ SCALE

1
0 250 500
FEET

Source: Tetra Tech 1985.
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Factors that were considered to be important in the selection of this site’s

ponding operations for study included:

° Fly ash and sulfur oxides from the plant were
removed simultaneously using external forced
oxidation. This produced a waste that was
sulfate-rich and easy to dewater and handle. Few
other plants practice forced oxidation, but it had
been identified as a potentially mitigative measure
for FGD waste management and its use was expected to
grow in the future.

. Pond lining and recycling operations were in use at
very few other plants and were considered to be
potentially mitigative features at future sites.
The site afforded an opportunity to study linear
performance in the ponding of wastes.

U Western coal was employed at the Sherburne County
Plant. Generating capacity using western coal with
FGD systems was expected to grow.

. The high-quality ground water and modest
precipitation at this site and its isolation from
other sources of potential contamination was

expected to facilitate the identification of any
waste-related ground-water contamination.

E.7.1 Sampling Approach

Two upgradient and six downgradient ground-water monitoring wells were
installed and sampled to determine the presence of any leachate in the ground
water. Samples were also taken of wastes from the two ponds, liner materials,
soils, waste "liquors" (waters) from the ponds (including FGD waste interstitial
water and FGD pond supernatants), liquids from within the clay liner of the fly

ash/FGD pond, and liquids from soils beneath the liner.

Locations of the waste ponds, recycling pond, monitoring wells, and other

sampling locations are shown in Exhibit E-15. Wells were sampled for
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contaminant concentrations on three dates. Soil attenuation tests and a site
water balance were also conducted. Earlier results from ground-water monitoring
conducted at the site since 1977 were also available for review. The value of
and trends in sampling and analysis results for the site, and comparison of

ground-water concentrations with relevant EPA standards, are discussed below.

E.7.2 Results

Exhibit E-17 presents the results of chemical sampling at the Sherburne
County (Sherco) site. This includes samples from the downgradient and
upgradient ground-water wells, and fluid samples collected from within

(interstitial water) and beneath the wastes. Results are discussed below.

Wast e ds. No significant stratification of the FGD waste was
observed and, therefore, the permeability of the waste was observed to be fairly
uniform throughout the deposit, ranging from 7 x 10'5 to 5 x 10'6 cm/sec
(indicating low permeability). The earthfill pond liner was tested for

permeability and was found to range from 5 x 107 to 1 x 1077 cm/sec.

Waste Fluids. Results from fluid samples collected from wells placed within
the FGD sludge/fly ash waste and from pond supernatant indicated that these
fluids or "pond liquors,” when compared to Primary Drinking Water Standards,
exhibited elevated concentrations of cadmium (up to 30 times the PDWS), chromium
(up to 16 times the PDWS), fluoride (up to 4.5 times the PDWS), lead (up to 28
times the SDWS), nitrate (up to 7 times the PDWS), and selenium (up to 25 times
the PDWS). Comparison of pond liquors to Secondary Drinking Water Standards

showed elevated levels of chloride (up to 2 times the SDWS), iron (up to 6 times



EXHIBIT E-17

CHEMICAL SAMPLING RESULTS FOR SHERBURNE COUNTY SITE

SHERBURME COUNTY SITE
{no Surface Vater data)

Units = ppa  |Ground water |Under Waste IVaste
1Y U | ¥ 1Y)
PONS ) Doungradient | Upsradient | Vaters Under Liner | Pond Liquors
{ (3 vells) | (2 wells) 1 (3 vells) ( {13 stations)
| i [ |
Orinking | S/ 8/ S/ (131 5/ &N N 8/ &/

Contan.  Uater | Total Exceed. Mex. | Total Exceed. Max. | Total Exceed. Max. 1Samples  Ave. Max.
Standard ISasples Samples Exceed. |Sasples Sasples Exceed. ISamples Samples Exceed. |)Detect. Comc.  Exceed.
| 1 |

|

1

|

-

|

|

|

1

| |

Arsenic 9/ 0.051 3 0 | k] 0 | [} 1 1.8 6 0.028 |
(lia.) | | | t |
Barive 1 I' 12 0 | 8 0 I 8 0 | S 0.083 i
| | | |

Cadaiue 10/  0.011 12 2 21 8 2 2| 8 4 132 1 W 001 i
| I | | 1

Chrosive 11/ 0.05I 12 1 1.2 | 8 )] | 8 k] 7461t k] 0.3 16 1
{Ce V1) | | | | |
Fluoride 12/ 4.01 12 0 | 8 0 1. 8 3 21\ 9 9.5 [N
| | 1 t |

Lead 1¥/ 1081 12 ] | 8 (1} | 8 2 103 | t 14 81
1 | I | 14/ |

Mercury 0.002 | g | 0 i 0 | NS |
| I | | |

Nitrate 1S/ &5 | 12 ? 1.11 8 4 2| [} 4 9.6 1 9 108 .81
| | | | |

Selenive 16/ 0.01 | k] 0 1 k] 0 | 4 (] | 7 0.04 5|
{lig.) | 1 | | |
Sitver 0.05 1 11 ] \ 8 ] { 1 ] \ ] |
| | | | |

I | I | |

SIS | l | | |

| | | | |

Chioride 50 | 12 0 | 8 0 | 8 1 2.7 12 183 1.9 1
I | i | |

Copper | ;] 12 0 | 8 0 | 8 5 | 13 D.05 |
- | I | ] |
lron 0.31 12 0 | 8 1 1.9 1 8 8 86 1 13 0.48 6.1
1 | I | | |
Mansanese  0.05 | 12 2 21 8 1 1.4 1 ] 1 768 | n 5.8 s
| | | | |

Sultate 0 | 12 0 | 8 0 ) 8 7 116§ 12 4880 82
| | 1 | |

Linc 91 12 ] | 8 1] | 8 K} 17 ) ? 0.3 [
| I | | 1/ !

oH Lab 18/  (=4.5) 0 t 0 | 0 | NS |
| | | | 1Y) I

»28.51 0 | 0 | 0 | NS I

| I | 19 | I

pH Field 18/ (s8.5! 8 0 1 [ o | 1 ] [
I i | 19/ I |

y=8.51 8 Q \ [ 1] l | ] |

§6-3



EXHIBIT g-17 (Continued)
CHEMICAL SAMPLING RESULTS FOR SHERBURNE COUNTY SITE

1/ Vells 5-&» S-6, and 5-9. 17/ As indicated in tootnote &) the Max Exceed column for reported ok seasurements

is @ tabulatine gt the actuai measuramerts: nOt Lne sdx'sum exceedanre Ay du~ oy
2/ Uells 5-5 and 5-11. the deinking water standard
3/ Vells S5-1» 5-2, and 5-3. The tluids collected at these we!ls are groundwater from 18/ NR = not reported.

beneath the waste.

4/ Stations S-1 53, S-1 Sb, S-1 U3, S-2 UL, 5-2 52, 5-3 (20 #t), 5-3 59 5-3 U4, 5-12, 5-13A
5-14, 5-15 and S-16. These "pond liquars”® are tluids collected trom within and on
top of the landtilied wastes.

S/ The nuaber ot sasples with reported concentrations above the drinking water standard.

b/ 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 seasuresent.

77 The nusber ot "pond Iiquor” sasples with reported concentrations above the reported
detection limits. An entey of *0” indicates that oo sasple had a detectable contaeinant
concentrations not that no saeples were taken (see footnote 14).

8/ Ave. Canc. is the average of the reported concentrations af all *pand |iquar®
sanples taken that showed a contaminant concentration above the detection lisit.
The reparted pH weasuresents at the “pand |iquars® are also averaged.

9s-3

[Cosnent on footnotes 9-15:
Where the reported detection limit for a contaminant was greater than the drinking
water standard and the sasple contained less contasinant than the reparted detection
limit, the saspie is tabulated as being below the drinking water standard.)

9/ For some water sasples collected frne uate- under the waste, the reported detection limit
of 0.074 wap greater than the POUS for arsenic

10/ For sone water sasples callected trom water under the waste, the reported detection limit
of 1.5 was greater than the PNS for cadeius.

11/ For sose water sasples collerted from water under the wastes the reported detection lisit
of 1.5 vas greater than the POVS for chrosium.

12/ For some water samples callected fram water under the waste) the reported detection iimit
of 24.4 was greater than the POUS for #louride.
The solubility of fouride 1n water is sarkedly attected by tesperature. Ot the temperature
ranges and corresponding maxisum allowabie cortaminant levels reportea for fiouride in the NIPDUS,
the range shown an this table (26.3-32.5 () carrespands to the mast stringent aligwable
#dxinue CONtaminant concentrat on

13/ For some water sasples collected froe water under the waste, the reparted detection limit
of 7.5 was greater than the POUS for lead.

14/ NS = not saspled.

15/ For soae water sasples collected from water under the waster the reported detection limit
of 0.123 was greater than the POUS for seleniue

16/ For some water samples collected {rom water under the waste: the reported detection liait
ot 1S was areatsr than ths PUS inr aanndnacs
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the SDWS), manganese (up to 316 times the SWDS), and sulfate (up to 42 times the
SDWS). Concentrations measured in the pond supernatant were generally higher
than those measured in the interstitial waters of the wastes (e.g., 10,000 ppm
sulfate in pond surface liquids and 2000 ppm in waste fluids). Pond liquors
obtained from the smaller bottom ash pond also exhibited elevated concentrations
of cadmium (up to 50 times the PDWS), and manganese (up to 9 times the SDWS).
Because these fluids are not ingested, comparison to the drinking water

standards is shown only to indicate the potential for contamination at the site.

Misc., Flujds. Results obtained from chemical analyses of the clay liner
pore water showed concentrations of cadmium, chromium, iron, sulfate, and
manganese that were above drinking water standards. Fluid samples obtained from
under the liner showed elevated concentrations for most of the contaminants
tested for, including arsenic, cadmium, chromium, fluoride, lead, selenium,
nitrate, boron, sulfate, chloride, copper, iron, zinc, and manganese. It is
unclear as to what these samples represented, and the method used to collect the
liquid samples from the unsaturated soils beneath the clay liner may have
resulted in these observed to be above drinking water standards values being
greater than the trace below-liner concentrations. Concentrations of cadmium,

boron, and manganese were observed in fluids obtained from the recycling basin.

Ground Water. Estimates were made of seepage velocities at the site.
Results from these calculations indicated that enough time had elapsed for some
constituents in the waste leachate to have reached the nearer downgradient wells
(Wells 5-4 and 5-6). However, steady-state conditions had probably not been
reached at the site (i.e., chemical equilibrium between the waste, leachate, and

downgradient ground water had not occurred).
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Primary Drinking Water Standards were found to be exceeded in the ground
water of the downgradient wells for cadmium (up to 2 times the PDWS) chromium
(up to 1.2 times the PDWS), and nitrate (up to 1.1 times the PDWS). Upgradient
exceedances of the Primary Drinking Water Standards in ground-water samples were
also found for cadmium (up to 2 times the PDWS) and nitrate (up to 27 times the
PDWS). Secondary Drinking Water Standards were found to be exceeded in
downgradient ground water for manganese (up to 22 times the SDWS). Upgradient
exceedances of the Secondary Drinking Water Standards in ground-water samples
were observed for iron (up to 1.9 times the SDWS) and manganese (up to 1.4 times
the SDWS). It should be noted that concentration measurements for arsenic and

selenium in the ground water were sparse.

Surface Water. No surface water samples were collected at the Sherburne

County site.

Attenuation tests. Attenuation tests conducted with site soils and pond
liquor solutions (spiked with trace elements) from the Sherburne County and
Allen sites indicated that the sandy soils that prevailed over much of the site
had a relatively low capacity to chemically attenuate trace metals. Tests of
the clay liner soil indicated these materials had a somewhat better attenuative

capacity.

E.7.3 Discussion and Conclusions

Exceedances of the Primary Drinking Water Standards for cadmium (up to 2

times the PDWS) and nitrate (up to 27 times the PDWS upgradient and up to 1.1
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times the PDWS downgradient) were observed in both the upgradient and
downgradient ground water at the Sherburne County disposal site. There were
manganese exceedances in both upgradient wells (up to 1.4 times the SDWS) and

downgradient wells (up to 22 times the SDWS).

Wastes fluids from the FGD sludge/fly ash pond exhibited high
concentrations of several constituents; cadmium (up to 30 times the PDWS),
chromium (up to 16 times the PDWS), fluoride (up to 4.5 times the PDWS),
nitrate (up to 7 times the PDWS), lead (up to 28 times the PDWS), and selenium
(up to 25 times the PDWS). Elevated concentrations were also observed for
chloride (up to 2 times the SDWS), iron (up to 6 times the PDWS), manganese (up

to 316 times the SDWS), and sulfate (up to 42 times the PDWS).

Although the wastes and fluids exhibited high concentrations of
contaminants, leachate from these wastes did not appear to have migrated into
or mixed with the ground water to any great extent. There were indications
that some waste-related solutes had migrated to downgradient wells from the FGD
sludge/fly ash pond. Concentrations profiles of sulfate were greater
downgradient than upgradient in the closer well, 5-4. Higher than background
concentrations of solutes at downgradient well 5-6 may not have been associated
with the disposal ponds, but may have reflected leakage that was reported to
have occurred from holding ponds at the site. Possible explanations of results

and future expectations are discussed below.

Nitrate exceedances of the Primary Drinking Water Standards were widespread
at various locations at the site (including background), but seemed to be

unrelated to disposal operations.
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Observed solute concentrations (e.g., sulfate, boron) suggested that the
clay liner had reduced the rate of release of leachate from the disposal pond.
However, concentrations of waste-related contaminants in downgradient ground
water may eventually increase, since leachate was not currently leaking out of
the landfill at a maximum, or steady-state, concentration, and only a portion
may have reached the downgradient wells at the time of sampling. 1In other
words, only a small quantity of leachate had, at the time of sampling, mixed
with the larger amounts of uncontaminated ground water. If the landfill had
not contained a liner, estimates of leachate movement indicated that
steady-state concentrations of leachate would have reached downgradient-wells

several years prior to the study.

Two other factors that could contribute to the observed lack of

contamination in downgradient ground water include:

o Leachate that originally permeated the liner may have been
less contaminated than the leachate currently found in the
FGD wastes (leachate may not have yet been in equilibrium
with the wastes, and early plant operations did not involve
recycling plant water); and

4 Most of ADL’s wells were screened over a depth interval of 20
feet or greater, thereby yielding composite ground-water
samples that may have exhibited lower contaminant
concentrations than if the wells were screened only at a

level and length commensurate with the expected migration of
leachate.

The waste-related contaminant selenium may be of concern at this site since
the surrounding soils may not chemically attenuate selenium, and its
concentration in ground water could be higher than indicated once steady-state

concentrations were achieved.
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In summary, the Sherburne County Plant in Central Minnesota disposed of
combined 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 (up to 27 times the PDWS
upgradient and up to 1.1 times the PDWS downgradient), and in downgradient
ground water for chromium (up to 1.2 times the PDWS). Waters from the pond
wastes were found to exhibit high concentrations (relative to Drinking Water
Standards) of several constituents including cadmium (up to 30 times the PDWS),
chromium (up to 16 times the PDWS), fluoride (up to 4.5 times the PDWS at 26-33
°C), nitrate (up to 7 times the PDWS), lead (up to 28 times the PDWS), and

selenium (up to 25 times the PDWS).

While the waste fluids 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 do
seem to indicate that a few waste-related species (sulfate and boron) have
migrated from the wastes. 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 contaminant concentrations at downgradient
wells. Over time, dbwngradient wells may increase the level of contamination,
since steady-state conditions have not been achieved between leachate from the
landfill and the ground water. Without the clay liner, the leachate seepage
rate would have been much greater, leading to greater contamination of ground
water. Since the surrounding soils may not chemically attenuate it, the

waste-related contaminant selenium may be of concern at this site once
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steady-state concentrations in ground water are reached.
E.8 POWERTON PLANT

The Powerton Power Plant is located in Tazewell County, Illinois,
approximately 10 miles south of Peoria. The site is located one mile south of
the Illinois River, and the disposal area is another mile south of the plant.
The existing facility began operation in 1972, although a smaller plant had
previously operated at the site. Originally, bituminous coal with four percent
sulfur was burned. In 1976, the plant began burning Montana subbituminous coal
with 0.6 percent sulfur and six percent .ash. At the time of the study,- the
Powerton wastes consisted of boiler slag that was dewatered and trucked to the
disposal area, and fly ash which was collected from an electrostatic

precipitator, stored, and then transported dry to the disposal area.

The disposal area consisted of two adjacent landfill areas which border
Lost Creek (Exhibit E-18). The large portion of the disposal area was used
from 1972 until 1978, and had since been reclaimed. The smaller area west of
this section was operated from 1978 until 1982. The newer portion of the
landfill occupies an abandoned borrow pit in which fly ash and slag were
intermixed. In the older portion of the landfill, there were distinct layers
of slag ;nd fly ash. The newer landfill, and part of the older one, were
underlain by a liner of Poz-O-Pac,7 which consisted of a chemically stabilized
‘mixture of fly ash, lime, and bottom ash. The liner was reported to be five

feet thick beneath the newer part of the landfill and only eight inches thick
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EXHIBIT E-18

LANDFILL AREAS AND SAMPLING LOCATIONS AT THE POWERTON SITE

LANOFILL
19721978

Qe

® ADL WELLS
O UTILITY WELLS
@ SURFACE WATER SAMPLING STATIONS

6~ SCALE
———r
] 200 400
FEET

Source: Tetra Tech 1985.
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beneath the older area. The surface area of the entire landfill was

approximately 438 acres.

The following factors were considered to be important for selecting the
Powerton landfill operation for study:

. The collection, handling, and landfill disposal of ash as

practiced at Powerton was one of the prevalent practices
nationwide in the utility industry.

. The interior climatic and hydrogeologic setting (relatively

permeable soils and moderate, regular precipitation) were
considered to be typical and allowed effects of landfill
disposal of coal ash generated from western coal to be
studied.

. While artificial lining of managed coal ash landfills was not
a prevalent practice nationwide at the time of the study, this
site was considered a useful opportunity to study a
potentially mitigative practice.

. The retired landfill was bordered by a small stream (Lost
Creek). Because there were no major point source discharges
to Lost Creek, this was considered a good opportunity to study
potential impacts of coal ash disposal on a small surface
water body. :

In the Powerton area, the bedrock consisted of limestone, sandstones, and
shales. These were overlain by thick deposits of glacial outwash (sands and
gravels). The older portion of the landfill was underlain by sand and silt
deposits, within which are a number of clay lenses. The site receives an
average of 36 inches of precipitation per year. The glaclal outwash deposits
made up the principal aquifer (water-bearing units) underlying the landfill.
This aquifer discharged to Lost Creek. At the upgradient edge of the landfill
(the western edge), the water table was approximately 35 feet below the fill.
Along the downgradient edge (that bordering Lost Creek), the water table was

within a few feet of the ash and occasionally intercepted the ash fill. All

surface and ground-water flow was northeasterly towards Lost Creek, which
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subsequently flowed to the Illinois River: (Exhibit E-19).

E.8.1 Sampling Approach

At the Powerton landfill, three upgradient (one background, two peripheral)
ground-water monitoring wells and three downgradient ground-water monitoring
- wells were installed (Exhibit E-18). Additionally, one well was drilled through
the ash and slag wastes of the older landfill to sample waters directly beneath
the fill. These wells were installed to determine (via chemical testing) the
presence and vertical extent of any leachate. Additionally, chemical analyses
were performed on surface water samples at the site. Samples were collécted
from six surface water stations in Lost Creek. Three of these stations were
located upstream (6-13, 6-14 and 6-16), two were located in the middle of the
site, and one was located downstream (6-10). No samples were collected of

interstitial waters or liquors from within the wastes.

E.8.2 Results

Exhibit E-20 presents the results of chemical sampling at the Powerton site.
This includes samples from the downgradient and upgradient ground-water wells,
samples from the surface water stations, and water samples obtained from

materials beneath the wastes. Results are discussed below.

Waste Solids. Permeability of the landfilled wastes ranged from a high of 3

X 10'2 cm/sec for the slag to a low of 1 x 10'4 cm/sec for the fly ash. In the
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EXHIBIT E-19

GROUND-VATER FLOW DIRECTIONS AT THE POWERTON SITE

N

INFERRED FLOW DIRECTIONS 12/14/81
EST. HORIZONTAL SEEPAGE VEL..\g 3 KL

Well 8-15 Kit/day [Tft/it | P [ Ry

450.20 13 2/800 [ 03] 4
13 2/800 {03! 4
13 a/msol 03l s
SCALE
0 200 400
FEET

Source: Tetra Tech 1985.




EXHIBIT E-20 -
CHEMICAL SAMPLING RESULTS FOR POWERTON SITE

POUERTON STATION SITE
{no Pond Liquor data)

Units = ppa  |Ground water ilinder Waste |Sur face Water {Lost Creek) |

| u 2 ) iy & 5/ |

POUS | Dounsradient [ Upgradient f Vater inder Waste ! Downgradient | Uparadient |

| (3 wells) | {1 wetl) | {1 well) I (1 statian} | {3 stations) t

| | |--- f--n-- i --

Drinking | b/ ui &/ ni &/ m &/ Ui b/ Ui

Contas.  UGater | Total Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. |

Standard |Samples Samples Exceed. ISamples Sasples Exceed. |Samples Semples Exceed. ISamples Samolos  Fxceed. {Samples Sasples  Fxcend.
- ‘-- ‘ - I ......................... Veommccen cacmcnas ctccecaa ] -

I

! 1

Arsenic 0.05 | 8 0 | ¥4 0 | 3 )] [ 1 g I 2 i |
(liq.} | | l | | t
Bariua 11 9 0 [ 4 0 | ] 0 1 3 0 [ 8 0 )
| | | | | |

Cadaius 0.011 9 8 3 4 2 1 3 3 21 ] 2 21 8 5 2
| [ | ! | 1

Chroniva 8.051 9 g \ 4 1} | 3 1} | 3 ) | 8 [ !
(Cr V1) | | | ‘ | | |
Fluoride 4.01 9 (] | 4 0 | 3 0 | 3 0 | 8 0 !
| i t | | |

Lead 0.05 | 9 1 4| [ 0 | k| 0 | 3 0 i 8 0 [
| I | | 1 1

Mercury 0.002 | ] [ 0 { a | 0 | ] i
| | | ! i 4

Nitrate 8/ 45| 9 0 | 4 2 1.11 3 1 1.2 3 1 [ ? 3 121
| | i | I |

Selenius 6.0t | 8 0 | 2 Q | k| 0 | { 0 t 2 0 |
(lig.) | 1 I | | 1
Siltver 0.051 9 0 t [} 0 1 k] 0 | 3 0 | 8 a |
I | i } | I

| | --=-1 | Jommmmmmmmm e |

SOMS | l | | | i

--- | R tateb 1 fe-- R B 1
Chior ide 20 | 9 0 [ 4 [} | 3 0 | 3 1 | 8 0 [
| I ! | | [

Copper 11 9 D 1 [} i} | 3 1] I 3 1] | 8 0 |
[ ! | | | 1

lran 0.31 9 4 42| [} 0 i k] i | 3 0 l 8 0 !
I | | | ! |

Manganese 0.05 ! 9 9 194 | ‘ 2 1 3 k) bl ] 2 2.2 ] 2 1
| | [ | | 1

Sultate 50 | 9 b 271 4 a | 3 3 361 3 1] | ] i} !
| | ! t | i

Linc 51 9 0 l ¢ ] i 3 0 ! k| o, { 8 0 |
| i l t | |

pH Lab 9/ (=4.51 0 | D | 0 | 0 i 0 I
| } | | | |

»=8.51 0 | 0 | 0 [ 0 | 1] |

| | [ I | I

pH Field 9/ (=5.91 9 i b 3 0 } 2 1] t 3 i} t 8 1] t
| 1 1 | | [

»=8.51 9 0 | 3 1] | 2 (1} | 3 1 8.5 1 ] 2 8.5 1
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EXHIBIT E-20 (Continued)
CHEMICAL SAMPLING RESULTS FOR POWERTON SITE

1 Welts b-4s b-7, and &-6.

2/ Yell 6-8.

3/ Uell 6-9. The tluids coliected at this well are groundwater {rom beneath the waste.

4/ Station 6-10.

S/ Stations 6-13, b-14, and 6-16.

&/ The number 0 sampies with reported concentrations above the drinking water standard.

1) Max. Exceed. is the concentration af the greatest reported exceedance divided
by the drinking water standard for that particular contaminant. The only
exception is tor pH, where Max. Exceed. is the actual seasureaent.

8/ The solubility of flouride in water is markedly atfected by tesperature. 01 the tesperature
ranges and corresponding eaxinum allduable contasinant levels reported tar tlouride in the NIPOUS,
the range shoun or this table (26.3-32.5 () corresponds ta the most stringent allowable
sdximum cOntaminant concentration.

9/ As indicated in footnote 7, the Max. Exceed. colusn for the reported pH seasuresents

is a tabulation af the actual weasuresents not the maximum exceedance divided by
the drinking water standard.

89-3
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more recent section of the ash landfill, where slag and fly ash were mixed, the

permeability of the waste was approximately 5 x 10'4 cm/sec.

Waste F . No samples were collected of waters from within the
landfilled wastes (waste liquors). Results from water samples collected from
beneath the waste indicated that these waters, when compared to Primary Drinking
Water Standards, exhibited elevated concentrations of cadmium (up to 2 times the
PDWS), and nitrate (up to 1.8 times the PDWS). Comparison of these samples to
Secondary Drinking Water Standards indicated elevated levels of manganese (up to

6 times the SDWS), and sulfate (up to 3.6 times the SDWS).

Ground-Water. Estimates of seepage velocities at the site indicated that
waste leachate constituents could have reached downgradient ground-water wells

and possibly Lost Creek by the time of ADL’s sampling.

Primary Drinking Water Standards were found to be exceeded in the ground
water of the downgradient wells for cadmium (up to 3 times the PDWS) and lead
(up to 4 times the PDWS). Slight exceedances in upgradient ground water of
the Primary Drinking Water Standards were found for cadmium (up to 1 times the
PDWS). Note that the one upgradient well (6-6) bordered the landfilled wastes.
Occasional exceedances of the Primary Drinking Water Standard for cadmium were

observed in the two ground water wells peripherally located to the wastes.

Surface Water. The Primary Drinking Water Standard for cadmium was found to
be exceeded occasionally at all surface water stations at the site. Cadmium was
observed at up to 2 times the Primary Drinking Water Standard at the upgradient

(upstream) stations and at the downgradient stations. Nitrate exceeded the
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Primary Drinking Water Standards in both upgradient (up to 12.3 times the PDWS)
and downgradient (up to 11.6 times the PDWS) surface water locations. Secondary
Drinking Water Standards were found to be exceeded in both upgradient (1 times
the SDWS) and downgradient (up to 2.2 times the SDWS) surface water locations

for manganese.

Attenuation Tests. Attenuation tests conducted using pond liquor solutions
(spiked with trace elements) from the Allen and Sherburne County sites and soils
obtained from the Powerton site indicated that these soils generally had

intermediate capacities to attenuate trace metals such as arsenic.

E.8.3 Discussion and Conclusions

The assessment of sampling results from the site focused on the effects of
ash landfill leachate on downgradient ground-water quality, and the effects of
ash landfill leachate on Lost Creek surface-water quality. Emphasis on
analyzing the effectiveness of the Poz-0-Pac liner under the landfill was
discontinued after a general absence of the liner under the older, larger,

disposal area was discovered.

Cadmium was observed to exceed the Primary Drinking Water Standard in the
downgradient ground-water wells (up to 3 times the PDWS). Cadmium was also
observed at the Primary Drinking Water Standard on one occasion in the
upgradient ground-water well. Since the upgradient well is located very close
to the landfill border, the slightly elevated concentration of cadmium observed
in this well’'s samples may have been from the leaching of cadmium. However, if

must be noted that cadmium exceedances in surface water were observed upstream
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as well as downstream (up to 2 times the PDWS), potentially indicating that the

utility waste was not the source.

One exceedance of the Primary Drinking Water Standard for lead was observed
at a downgradient ground-water well (up to 4 times the PDWS). However, the
usefulness of this information was limited since lead was only reported to be
detectable on one occasion and, in other samples, lead was not detectable at
all. Elevated nitrate concentrations observed in ground water from various
sampling locations could possibly be attributed to local agriculture activities.
Trace elements such as arsenic and selenium were found to be similar to
background concentrations and were below drinking water standards. These trace
elements may not have leached from the landfill, or may have been chemically

attenuated by the soil.

Chemical sampling results at the Powerton site indicated that leaching and
migration of ash wastes had occurred since solutes had reached the downgradient
wells. Major ash constituents that are observed to exceed Secondary Drinking
Water Standards in the downgradient ground water at the site were sulfate (up to
3 times the PDWS), iron (up to 4 times the PDWS), and manganese (up to 194 times
the PDWS). Of these contaminants, the elevated levels of sulfate migﬁt have
been due to leaching from the waste. Only manganese was observed to exceed
Secondary Driﬁking Water Standards at the upgradient well (up to 11 times the

PDWS).

The ground-water concentrations of the major waste constituents indicated
that leachate migration from the landfill might have reached approximately

steady-state conditions with respect to the concentrations of these species in
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the waste and downgradient wells. If this had occurred, further increases in
the concentrations of such species would not be expected. Additionally, levels
of trace metals in the ground water suggested that a combination of dilution and
chemical attenuation was preventing the buildup of significant concentrations of
these constituents at downgradient locations. Given these ground-water results,
the Powerton site might have had some effect on ground-water quality, but

increased degradation should not be expected.

The consistently elevated concentrations of boron observed in downstream
surface water of Lost Creek would seem to indicate some leaching of this waste
constituent since it is being detected in the surface waters of Lost Creek.
This body of water may be substantially diluting the waste constituents;
however, the small number of sampling stations do not allow further data

analysis.

In summary, the Powerton Plant disposed of fly ash, bottom ash, and slag in
an older landfill approximately one mile south of the site. More recent
disposal operations consisted of disposing of intermixed fly ash and slag in a
newer portion of the landfill. The newer landfill and part of the older one
were underlain by a liner consisting of ash and lime (Poz-0-Pac). The
downgradient ground-water wells exhibited levels of cadmium up to three times
the Primary Drinking Water Standard and levels of lead at up to four times the
Primary Drinking Water Standard. An upgradient well, located on the border of
the landfill wastes, also exhibited an elevated concentration of cadmium at the
level of the Primary Drinking Water Standard. Secondary Drinking Water
Standards were exceeded in downgradient wells for iron, manganese, and sulfate,

and in the upgradient well for manganese (but at a lower level of exceedance
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compared to the downgradient measurement).

Results indicate that leaching and migration of ash wastes had occurred at
the site, but it is difficult to determine how significant an impact the
leachate has had, or will have, on ground-water quality. Dilution and chemical
attenuation may have prevented the development of significant concentrations of
trace metals such as arsenic and selenium at downgradient locations. The degree
to which Lost Creek was diluting the waste constituents that may reach it may
have been significant, but could not be determined from the available

information.

E.9 LANSING SMITH PLANT

The Lansing Smith power plant is located on a coastal plain approximately
eight miles north of Panama City, Florida. The power plant lies approximately
one-half mile inland from the shore of North Bay (within the St. Andrews Bay
System) at the tip of Alligator Bayou. At the time of the ADL study, the two
units at the site were equipped with electrostatic precipitators. The coal used

was primarily low sulfur bituminous coal.

Fly ash, bottom ash, mill rejects,and coal pile runoff were sluiced to an
unlined ash disposal pond which covers approximately 200 acres and lies
generally between the power plant and the shore of North Bay (Exhibit E-21).
The disposal pond has been in continuous use sine 1965. The landfill was

contained by dikes through the exterior slopes of which seepage had been
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visually observed. Standing water in the disposal pond was channelled through a

recycling canal and pumped back to the plant for reuse as sluicing water.

The plant was located on low-lying, almost level, marine terraces, which are
drained by bayous and small creeks. The site experienced heavy precipitation
(approximately 58 inches/year) and the low elevations of the site area had
experienced flooding from both the river basin and coastal storms. Part of the

land underlying the ash pond was once a swamp.

Surface deposits at the site consisted of thin topsoil and shallow organic
deposits. Limestone of the confined Floridan Aquifer lay at a depth of"
approximately 90 feet, and was the principal water supply aquifer of the county.
A thick layer of unconsolidated permeable silts and sands was between the
Floridan Aquifer and the surface deposits. Due to saltwater intrusion, ground
water in these deposits was not considered potable (and was not used‘as a
drinking water supply at the time of the study). The water table at the site
was close to the ground surface, resulting in swampy conditions. Ground
water was in contact with the disposed ash materials. Regional ground-water
flow was southeasterly towards North Bay (Exhibit E-22), however, flow patterns

were multi-directional in the plant vicinity.

Surface water in the plant vicinity consisted of the ash disposal pond, the
sluice water recycle canal, various drainage ditches and tidal creeks around the
ash disposal pond, Alligator Bayou, and a cooling-water outlet canal, some of

which contained seawater.
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Factors for 1nc1uding the Lansing Smith Plant in the ADL study were:
. The disposal method employed at the plant -- that of
combined disposal of fly ash and bottom ash in an
unlined pond -- was the most prevalent utility waste
disposal practice in the nation.
. The disposal operation had been in existence
for more than 15 years, allowing sufficient
time for measurable leachate to reach the
surrounding environment.
4 The site was a coastal area and would
allow the study of a situation where ash
pond leachate and seawater would mix.
L The site experienced heavy precipitation
in a setting of permeable soils and was
expected to illustrate a maximal extent of
leachate formation and transport in a pond
disposal setting.
1 Increases were anticipated in coal
conversion of coastal oil-fired power
plants, and there was a paucity of data

and previous studies of coastal disposal
operations.

E.9.1 Sampling Approach

Samples of wastes and soils were collected for physical and chemical
testing. Samples of ground water, waste fluids (or pond liquors), and surface
water samples were collected for chemical testing. A series of attenuation
tests were performed using local site soils and pond liquor solutions (spiked

with trace elements) obtained from the Allen and Sherburne County sites.

Twenty-four monitoring wells were installed throughout the site area
(Exhibit E-21). There were three upgradient ground-water wells (9-4, 9-5, and
9-13A) and five true downgradient ground-water wells (9-3, 9-3A, 9-7, 9-7A, and
9-9). Eleven monitoring wells were drilled within the ash pond or through the

dike (9-1, 9-1A, 9-2, 9-2A, 9-6, 9-6A, 9-8, 9-8A, 9-10, 9-10A, and 9-12B). Two
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of these wells were used to sample water from under the waste. An additional
five wells were located along the perimeter of the dike. In addition, 18
surface water sampling stations were established. Locations of site wells and

surface water sampling locations were shown in Exhibit E-21.
E.9.2 Results

Exhibit E-23 presents the results of chemical sampling at the Lansing Smith
site. This includes samples from the downgradient and upgradient ground-water
wells, samples from wells emplaced within the waste to collect interstitial
water or fluids (inciudes supernatant fluids), water samples obtained from

beneath the waste, and surface water samples. Results are discussed below.

Waste Solids. The waste was generally found to be segregated into lenses of
coarser and finer grained ash. A permeability of 9 x 10-4 cm/sec was measured

for the coarser ash, and 3 x 10-5 cm/sec for the finer fly ash.

Waste Fluids. Results from fluid samples collected from wells emplaced
within the waste indicate that these fluids or "pond liquors", when compared to
Primary Drinking Water Standards, exhibit elevated concentrations of cadmium (up
to 6 times the PDWS), chromium (up to 21 times the PDWS), and fluoride (up to 10
times the PDWS). Comparison of pond liquors to Secondary Drinking Water
Standards showed elevated levels chloride (up to 61 times the SDWS), manganese
(up to 7 times the SWDS) ,and sulfate (up to 6 times the SDWS). These fluids
were also fairly alkaline (up to a pH of 11). Since these fluids are not
ingested, comparison to the drinking water standards is shown to demonstrate the

potential for contamination at the site.
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LANSING SHITH STEAM PLANT

EXHIBIT E-23

CHEMICAL SAMPLING RESULTS FOR LANSING SMITH SITE

Units = ppm iGround water nder Waste iSurtace Mater (Ailigator Bayous Nortn Bay, and a streas on the east side) 1Waste
| 17 2/ ! kTN &/ S/ &/1 " ;
POVS t Downgradient ) Upgradient i Vater Under Vaste | Downgradient | Peripheral | Downgradient - Saline | Pond Liquors 1
! (S wells) 1 {3 welis) | (2 wells) | (b stations) | (3 stations) | {2 stations) | {9 stations) 1
| 1 ] ] | | | )
Drinking | a8/ i 8/ i 8/ 71 8/ 9/1 8/ Wi 8/ " 10/ 11/ 971
Contas.  Uater ) Totai Exceed. Max. | Total Exceed. Max. | Total Exceed. Max. | Total  Excess Max. | Total Exceed. Max. | Total Exceed. Max. iSasples  Ave. Max. |
Standard |Samples Samples Exceed. |Samples Saeples Exceed. ISamples Samples Exceed. ISamples Sasples Exceed. ISasples Samples Exceed. !Samples Sampies Exceed. |)Detect. Conc. Exceed. |
| | | | | | l |
Arsenic 0.051 S 0 | 4 0 | k] 0 | 2 0 | 1 ] | K} 0 | 8 0.80% i
{liq.) | | | | | | { 1
Barius 11 14 0 1 1 0 | 4 0 I 13 0 1 8 0 i 5 )] | 18 0.26 i
J | | | | I | [
Caduiva 0.01 1 14 10 51 [ 2 21 4 [ (%] 13 10 51 8 4 4 5 9 [} 16 0.0 4
| 1 | | | | | ;
Chraeius 0.05t 14 1 6 b 0 | 4 1 21 13 0 | 8 0 | 5 1 1.2 1 8 0.16 .41
(Cr V1) | | | | | | | i
Flugride 12/ 4.01 14 S 135 | [y 0 | 3 1 2.2 13 S 851 8 2 21 S 2 % k} 2 (N
| I | | | | | !
Lead 1Y/ .05 | 1 1] i 4 ] | [} a 1 13 1] i 8 [} i 5 0 | 1] l
| | I | i | | 14/ |
Mercury 0.002 { Q { a i a | a t a | Q | NS |
I | } | 1 | | 14/ |
Nitrate 15/ &S 1 Q | ] ! [ | i { a | a | NS |
| | t [ 1 t | o
Seleniun 0.01 | S 4 | 4 [} \ 3 g | 2 [ 1. 1 a | ki g | 8 0.00u |
(liq.) | | I | | 1 | |
Sitver 0.051 14 ) | [ 8 ) 4 [ ! 13 [} | 8 0 | S g } [ t
| | ! 1 | 1 t |
! | | | | | | !
SONS | | | | [ | ] |
i | | ! i b Rttt
Chlaride 250 1 14 1% 2.4 | b 0 | 4 1 47 13 13 1191 [} S 101 S 5 57.8 | 18 3N 41
| ] | | | t |
Copper 11 14 0 | b 0 I [ 1] | 13 0 i 8 0 | 5 0 1 10 0.1
| | | 1 1 ] 1
iron 0.31 1% 14 1181 [ [ 371 [} 0 I 13 1 ni 8 b kN 5 (1] | 12 0.12
[ | | I | 1 i
Manganese  0.0S | 1® 13 17.21 3 2 1.6 1 1 1 5.2 1 13 1 b | 8 b 4.8 S 0 | 8 0.17 7.4
I | | | | | |
Sultate 250 | 14 8 8.4 1 b 0 | 1 [} 9.8 1 13 12 751 ] 4 3.4 5 5 991 18 856 b.4
| | | | | I §
Zinc 5 14 0 | [y 0 | [} 0 ] 13 0 1 8 0 ! S (] | 9 0.12
| t I | I | |
pH Lab 16/  (=5.5I b 4 (WY 2 { 851 1 0 | b S 3.3 3 2 381 1 0 | b 9.3
| | | [ ! ’ | |
)=8.5¢ b 1 | 2 0 | 1 1 951 3 0 i 3 0 | 1 1] | 3 9.3 11
| | | | I [ |
oH Field 16/ (=46.5] 13 10 291 [ 4 6 k] 0 | 10 5 .11 7 [} LN ) 1] i 12 9.1 [y
| I | I | | 1
)=8.51 13 0 | b 0 | 3 3 951 10 0 ! ? 0 t S ] | 12 9.1 11

6.-3



EXHIBIT E-23 (Continued)

CHEMICAL SAMPLING RESULTS FOR LANSING SMITH SITE

1/ dells 9-3 (deeps south), 9-3 (low tide)s 9-3A (shallows south) 9-3A {low tide)s 9-7A)
9-7: and 9-9.

2 Vells 9-4, 9-5: and 9-13A.

3/ Vells 9-2 and 9-1. The tluids collected at these wells are waters fron
beneath the waste.

4/ Stations 9-18, 9-20, 9-21, 9-26: 9-3U, 9-25: but a0t station 9-34 (dissolved solids).
S/ Stations 9-27» 9-23, and 9-22.
&/ Stations 9-15: 9-3.

¥ Stations 9-1A) 9-1 (screen at intertace), 9-1 (4-8 1), 9-2 (0-2 t1), 9-2 (4-b t1),
9-14s 9-30: 9-29: and 9-24. These “pand liquars® are tluids callected fram within and
on top ot the landiilled wastes.

8/ The nusber of sasples with reported concentrations above the drinking water standard.

9/ Max. Exceed. is the concentration of the greatest reported exceedance divided
by the drinking water standard ftor that particular contaminant. The only
exception is for piy where Max. Exceed. is the actual seasuresent

10/ The nuaber af “pand liquor® sasples with reported concentrations above the reported
detection limits. An entry of “0° indicates that no sample had a detectable contaminant
toncentrations not that no saspies were taken {see footnote 14).

11/ Ave. Conc. is the average ot the reported concentrations of all *pond liquor”
sasples taken that showed a contaminant concentration above the detection linmit.
The reported pH measuresents ot the “pond liquors® are aisn averaged.

(Camaent on tootnotes 12-13:
Where the reported detection lisit for a contasinant was greater than the drinking
water standard and the sasple contained less contaminant than the reported detection
Limit) the sasple 15 tabulated in this table as being below the drinking water standard.]

12/ For some water sasples collected froe downgradient groundwater downgradient surface water,

and “pond 1iquors,” the reporied detection limit of 75 was greater than the POVS

of tiouride. Far some water saapies collected trom downgradient saline surtace water and water
under the wastes the reported detection lisit of 50 was aiso greater than the POUS

tor tlauride. Finally, tor sose water samples collected irom peripheral surtace water, the reported
detection limit of 5 was greater than the POVS for tipuride.
The solubility of tlouride in water is sarkedly attected by temperature. Of the tesperature

ranges and corresponding maxinum allpwable contasinant ievels reported tor tlouride 1n the NIPDAS,
the range shown on this table (26.3-32.5 () correspands to the sost stringent ailouable

saxisum contaminant concentration.

13/ For some water sasples collected from downgradient groundwaters water under the waste, doungradient
surface water: peripheral surface vater. downgradient saline surtace water, and "pond liquors,”
the reported detection limit of 0.1 was greater than the POWS for lead.

14/ NS = not sawpled.

15/ As indicated 1n tootnote 91 the Max. Exceed. colusn tor the reported pH seasuresents
is a tabulation ol the actua! seasuresents: not the saxiaus exceedance divided by

abha doinbinn wstcs ctandard

08-3
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Water samples obtained from under the waste showed exceedances of the
Primary Drinking Water Standards for the same constituents with high
concentration levels in the waste fluids; cadmium (up to 4 times the PDWS),
chromium (up to 2 times the PDWS), and fluoride (up to 2.2 times the PDWS).
These samples also exhibited elevated concentrations of boron (up to 8 times the
SDWS), chloride (up to 49 times the SDWS), manganese (up to 5 times the SDWS),
and sulfate (up to 10 times the SDWS). The pH of these samples (up to 9.5) also

indicated alkalinity.

Ground Water. Estimates were made of seepage velocities at the site.
Results from these calculations appeared to indicate that there has been enough
time for constituents in waste leachate to have reached downgradient wells and

North Bay.

Primary Drinking Water Standards were found to be exceeded in the ground
water of the downgradient wells for cadmium (up to 5 times the PDWS), chromium
(up to 4 times the PDWS), and fluoride (up to 13.5 times the PDWS). These were
the same contaminants found to exceed the standards in the waste fluids.
Upgradient exceedances of the PDWS in ground-water samples were also found for
cadmium (up to 2 times the PDWS). However, this exceedance was less common and
at lower levels than the downgradient samples. Arsenic and selenium were found
to be below the Primary Drinking Water Standards in the ground-water (and waste

fluid) samples at this site.

Secondary Drinking Water Standards were found to be exceeded in downgradient
ground water for chloride (up to 22 times the SDWS), iron (up to 118 times the

SDWS), manganese (up to 17 times the SDWS), and sulfate (up to 8 times the
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SDWS). Except for iron, these were the same contaminants observed at
concentrations greater than Secondary Drinking Water Standards in the pond
liquors. Samples were found to be acidic (maximum low pH of 2.9). This

differed from the alkalinity exhibited by the pond liquors.

Upgradient exceedances of the Secondary Drinking Water Standards in
ground-water samples were observed for iron (up to 37 times the SDWS) and
manganese (up to 1.4 times the SDWS). The Secondary Drinking Water Standards
contaminants found at elevated concentrations in the pond liquors and in the
downgradient ground water wells were not found to be elevated in upgradient

ground water,

Surface Water. Primary Drinking Water Standards were exceeded in
downgradient surface water samples for cadmium (up to 5 times the PDWS) and
fluoride (up to 6.5 times the PDWS). In downgradient saline surface water
samples, exceedances were observed for cadmium (up to 4 times the PDWS),
chromium (up to 1.2 times the PDWS), and fluoride (up to 20 times the PDWS). In
surface water samples collected peripheral to the ash disposal pond (east side),
exceedances were found for cadmium (up to 4 times the PDWS) and fluoride (up to

2 times the PDWS).

Secondary Drinking Water Standards were exceeded in downgradient surface
water samples for chloride (up to 12 times the SDWS), iron (up to 370 times the
SDWS), manganese (up to 64 times the SDWS). These were the same contaminants
found to exceed the Secondary Drinking Water Standards in peripheral surface
water samples, although the levels of exceedance were lower. Both the

downgradient and peripheral surface water samples were below the Secondary
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Drinking Water Standards for pH (as low as 3.4). Saline surface water samples
collected downgradient were found to exceed Secondary Drinking Water Standards
for chloride (58 times the SDWS), and sulfate (10 times the SDWS). No true

upgradient surface water samples were collected.

E.9.3 Discussion and Conclusions

Cadmium, chromium, and fluoride were observed to exceed the Primary Drinking
Water Standards in downgradient ground water in a greater proportion of samples
and at higher levels than upgradient ground water. Elevated concentrations of
these same contaminants were observed in the interstitial waters of the ‘wastes
(pond liquors) and in waters from under the waste. Sulfate, chloride, iron, and
manganese were observed to exceed Secondary Drinking Water Standards in
downgradient ground water. These same contaminants, with the exception of iron
and manganesea, were not observed at elevated concentrations at upgradient
ground water wells. Sulfate, chloride, and manganese were observed at elevated
concentrations in waters in and under the waste. These results, in conjunction
with the fact that leachate migration from the waste was predicted to have
reached downgradient wells, strongly suggest that degradation of the
ground-water quality in excess of the drinking water standards at the site had
occurred due to leaching of some contaminant from the ash wastes. At this site,
the ground water was not used as a drinking water source. Sampling of the deep
underlying aquifer showed no evidence of contamination by ash pond leachate (or

by seawater).

Constituent concentrations observed at the site indicated that leachate

migration from the ponded wastes had probably reached steady-state conditions
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with respect to the concentrations of these species in the waste and
downgradient wells. 1In this case, further increases in the concentrations of

waste species in the downgradient ground water would not be expected.

Findings at the site are somewhat difficult to interpret due to the site’s
estuarine setting and consequent intrusion and infiltration of seawater.
Difficulties in interpretations also arise from the use of saline bay waters for

ash-sluice make-up water. This is discussed below.

While the exceedance of Primary Drinking Water Standards for the trace
metals chromium and cadmium in the downgradient ground water appeared te be
directly related to the leaching of constituents in the ash, this may not have
been the case for ash-related constituents that were found to naturally occur in
seawater. For example, the use of bay water as sluice make-up and its presence
in adjacent downgradient areas may have masked the potential for significant
impact from the ash constituents -sulfate, and chloride (which are observed in
elevated concentrations in downgradient ground water).9 These constituents were
found at similarly elevated concentrations in the bay waters, indicating that
concentrations of these constituents were probably influenced by seawater.

These seawater-related species were of concern only as Secondary Drinking Water

Standards.

The use of bay waters as ash sluice make-up water may have diluted and
reduced the availability of trace metals that might have otherwise been readily
leachable from the surface layers of the ash. This could have resulted in lower
concentrations of trace metals observed in downgradient ground (and surface)

water than if seawater were not used.
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A scrap metal disposal area located on the west side of the ash disposal
pond at the Lansing Smith site may have been a contributor to the large
exceedances of the Secondary Drinking Water Standards observed in the ground
and surface waters. Attenuation studies conducted at the site indicated that
chemical attenuation may be occurring in soils surrounding the disposal pond for

arsenic, strontium, and calcium.

Since no upgradient surface water samples were collected at the site, few
interpretations could be made of the available surface water data. On-site
flooding and pond seepage which had occurred at the site may have contributed to
the transport of leachate away form the disposal pond and into the surface
water. As with ground-water samples, seawater would influence concentrations of
seawvater-related species in surface water samples. The elevated concentrations
of fluoride observed in the saline, downgradient, surface-water samples -- and
not in non-saline downgradient surface-water samples -- indicated that the
concentrations of fluoride observed in the downgradient ground water at the site
may have been influenced by, or even the result of, the use of seawater in site

operations and its intrusion (by flooding) downgradient of the wastes.

In summary, the Lansing Smith plant in southern Florida disposed of 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 (up to 13.5 times the PDWS) in the downgradient
ground water at the site and, with the possible exception of fluoride, appear to

be due largely to these contaminants leaching from the ponded ash wastes.
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Exceedances of Secondary Drinking Water Standards for several species (sulfate,
chloride, manganese, and iron) were also observed in downgradient ground water.
However, most of these species were seawater-related and their reported
concentrations appeared to be influenced by the use in plant operations and
infiltration of estuarine (saline) water at the site. Generated leachate

migrates to a shallow, unused, tidal aquifer.

Ash disposal from utility operations at this site has had a measurable
impact on ground-water quality. However, human health risks at this particular
site were probably minimal since the ground and surface water were not used for

drinking purposes.

E.10 QA/QC OF ADL TESTING DATA

As part of its study approach, ADL collected QA/QC samples at the six study
sites. These included field replicates, laboratory splits, and field blanks.
Standard solution and spiked solutions were also measured in the laboratory.

Analysis of data produced by this QA/QC program included that:

° The variability introduced by the sampling and
analytical procedures utilized in the study was less
than the field variability. Thus the analytical methods
used should have been capable of detecting concentration
differences attributable to the field conditions.

. Analytical precision, as measured by the relative
standard deviation, varied among constituents. For
major ions (e.g., Mg, Cl, and S04), precision was high
(RSD less than 10 percent); for the trace metals above
detection, plus NO3 and F3, precision was lower (RSD
greater than 20 percent).
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Examination of the ADL field data indicates that:
L] Most concentrations of Ag, Ba, Be, Br, Cu, Cr, Pb, PO4,
Sr, Th, Ti, and Zn were below detection limits.
o Reported detection limits for constituents were variable
upon occasion, spanning two orders of magnitude for some
constituents. Occasionally, the reported detection

limits were above the drinking water standards.

o Overall, approximately 1.5 percent of the ADL chemical
data may be outliers.

In general, QA/QC results do not indicate large shortcomings in the chemical
data. However, caution must be used in interpreting the data using rigorous
detérministic methods. Some of the constituents (e.g., cadmium) for which
variations in detection limits were observed are of possible concern in ‘regard
to human health and coal combustion waste disposal practices. However, it is
unclear from the available analysis information how significant these variations
might be in regard to assessing the environmental impact of coal combustion
wastes. It is possible that some of the constituents for which detection limits
were reported to be in excess of drinking water standards, may be of greater

concern than the data indicate.



NOTES -

1 Each physiographic region has a distinctive climate, particular vegetative
types, characteristic soils, a particular water regime, and differences in
principal natural resources.

2 pata sources included precursor U.S. EPA study -- Versar, Inc., Selection
ve C h _and Coa Waste osa tes for Future
Evaluations, 1979 (Research Triangle Park, North Carolina. EPA-IERL, 2771, 1979)
and a data base resulting from work by EPA, EPRI, TVA, DOE, and others.

3 At the time of the ADL study there were more than 350 steam-electric plants
in the U.S. Of this number 340 had greater than 25 megawatts capacity and
utilized coal for more than 80 percent of their power production. Approximately
55 percent of these plants were located in the physiographic regions that cover
the Appalachian and Midwest areas of the country.

4 sites with a generating capacity of less than 200 megawatts, very complex
sites (both technological or hydrogeological), plants which sell greater than 50
percent of their ash output, and plants with disposal sites less than two years
old, sites were eliminated from further consideration.

5 The Arthur D. Little report does not indicate if the discharges from the
Allen Plant pond (or from the Elrama Plant pond described below) are permitted
under NPDES. According to Section 402 of the Clean Water Act all discharges of
pollutants to surface waters from point sources must be permitted. The effluent
limitation guidelines for steam electric power generators are given in 40 CFR
Part 423.

6 A Registered Trademark.
7 Registered Trademark.

8 Note that this exceedance was slight--only 1.4 times the SDWS in upgradient
ground water--but was 17 times the SDWS in downgradient ground water.

9 Seawater could also influence concentrations of sodium; magnesium, and
selenium were not found to exceed drinking water standards.



DATA ON SAMPLE OF COAL-FIRED
COMBUSTION WASTE DISPOSAL SITES

POPULATION WITHIN F‘WE CONCENTRIC RINGS (XM)

NUMBER OF TOTAL
PLANT NAME ST GEN.UNITS 0-1 1-2 2-3 3-4 4-5 POPULATION
MCWILLIAMS AL 3 314 0 0 0 1748 2062
INDEPENDENCE AR 2 0 0 0 818 370 1188
CORONADO AZ 3 0 0 0 o 0 0
NAVAJO AZ 3 0 0 0 1016 10 1026
SPRINGERVILLE 143 AZ 2 0 0 190 0 0 190
SPRINGERVILLE 2 AZ 2 0 0 190 0 0 190
CHEROKEE co 3 626 522 7645 17558 37735 64086
off-site landfill 49 489 22366 29581 40235 97525
CRAIG co 3 480 0 0 0 0 480
off-site landfill 0 0 0 1872 3670 5542
LA co 3
off-site landfill 0 0 0 0 1027 1027
VALMONT co 1 0 1644 0 8393 19020 29057
DEERHAVEN FL 1 0 é 110 1306 353 1775
FJ GANNON FL é 0 % 658 4528 7818 13078
LANSING SMITH FL 2 0 0 0 0 1669 1669
MCINTOSH FL 1 2176 0 125 9099 21917 34317
SEMINOLE (FL) FL 2 0 Q 1280 0 9 1280
ARKWRIGHT GA 4 o 0 1903 657 5356 ™16
BOWEN GA 4 0 0 740 0 158 898
SCHERER GA 4 0 0 0 0 0 0
COUNCIL BLUFFS IA. 3 0 141 0 17464 441 2326
IOWA FALLS IA 1 314 3030 1426 0 0 7595
LANSING 1A 4 0 0 0 0 419 419
LOUISA IA 1 0 0 0 ' Sk 548
PRAIRIE CREEX IA 4 0 2696 7116 12854 16078 38744
off-site Landfill 448 5722 17827 16720 15600 56317
STREETER 1A 2 3708 6099 278 12251 20675 45514
CRAWFORD I 2
off-site landfill 300 10862 27883 29225 54890 123160
PEARL I 1
off-site landfitl 0 0 0 0 170 170
WAUKEGAN 18 2
off-site landfill 2107 10278 6938 5353 6210 30886
BAILLY N 2
off-site landfill 0 0 2570 1290 8073 11933
CAYUGA IN 2 0 0 0 1457 0 1457
CLIFTY CREEK IN 7 0 0 6686 5629 2688 15003
EW STOUT IN 3 0 678 6604 14770 22169 44221
HT PRITCHARD N 4 0 0 0 0 1630 1630
MEROM N 2 0 360 0 0 0 360
MICHIGAN CITY N 3 0 6605 6617 11564 8107 32893
WHITEWATER VALLEY IN 2 3423 5361 7558 14346 9374 40062
NEARMAN CREEX KS 2 0 0 383 12069 14912 27364
HENDERSON ONE Ky 2 2403 5512 4936 827 369 21491
HENDERSON TWO KY 2 0 0 0 0 3032 3032
MORGANTOWN Mo 2
off-site landfill 0 0 0 1189 2367 3556
NANT1COKE "w 1 300 0 0 766 0 1066
ADVANCE Mt 3
off-site landfill 0 0 540 313 0 853
COLDWATER L] 3
off-site landfill 0 1020 4157 5263 0 10440
JH CAMPBELL Mt 3 0 0 2206 0 0 2206
JH WARDEN L1 1 1529 omn 0 697 358 3555
ALLEN S XING " 1
off-site landfill 374 0 0 0 0 374
HIBBING ™~ 3 0 0 0 0 88 as
off-site Landfill 1065 3381 6028 3842 3028 17344
LITCHFIELD ) 1 21 3522 2368 0 810 6721
NORTHEAST N 1 0 1446 1797 8704 11600 23547
RED WING L] 2 0 100 1" 913 895 1919
VIRGINIA L] 3
off-site landfill 1129 0 3351 5182 7650 17312



PLANT NAME

MCWILLIAMS
INDEPENDENCE
CORONADO
NAVAJO
SPRINGERVILLE 1&3
SPRINGERVILLE 2
CHEROKEE

off-site Landfill

RAIG
off-site landfill
NUCLA
off-site landfitl
VALMONT
DEERHAVEN
FJ GANNON
LANSING SMITH
MCINTOSH
SEMINOLE (FL)
ARKWRIGHT
BOWEN
SCHERER
COUNCIL BLUFFS
IOWA FALLS
LANSING
LOUISA
PRAIRIE CREEK
off-site landfill
STREETER
CRAWFORD
off-site landfill
PEARL

off-site landfill
WAUKEGAN

off-site landfill
BAILLY

off-site Landfill
CAYUGA
CLIFTY CREEX
EW STOUT
HT PRITCHARD
MEROM
MICHIGAN CITY
WHITEWATER VALLEY
NEARMAN CREEK
HENDERSON ONE
HENDERSON TWO
MORGANTOWN

off-site Landfill
NANT I COKE
ADVANCE

off-site tandfill
COLDWATER

off-site tandfill
JH CAMPSELL
JH WARDEN
ALLEN S K1NG

off-site tandfill
HIBBING

off-site tandfill
LITCHFIELD
NORTHEAST
RED WING
VIRGINIA

off-site landfill

ST
AL

AZ
AZ

AZ

DRASTIC VELOCITY
CODE OF AQUIFER GROUND WATER
(Feet)
10Ab -130 5-15
6Fa -100 15-30
48 - 1485 50-75
48 -1485% $50-7S
2 -220 30-50
2 -220 30-50
6Fb =100 5-15
6Fb -100 5-15
4A 75-7500 75-100
4A 75-7500 75-100
2} - 1485 50-75
éDb -742.5 10
11¢C 300+ 0-5
110 370-500 5-15
11D 370-500 5-15
11€ 300+ 0-5
118 -30 5-15
8€ -500 5-15
éFb -100 5-15
8E -500 5-15
7Ea -30 5-15
7eb -30 5-15
7Ea -30 5-1%
7€b -30 15-30
7TEb 5-15
76 -1500 15-30
7Eb -30 5-15
7eb -30 5-15
7Aa -1500 30-50
7C 400 15-30
TF -300 15-30
7Ea -30 15-30
7E€a -30 5-15
TEb -30 5-1%
TEa -30 10-20
7Ac -3250 30-50
™ -100 0-5
TAc -3250 30-50
TEs -30 S-15
6Fb -100 5-15
éDa -742.5 15-30
10Ab -130 5-15
108b 100-200 0-5
78a 500- 1000 5-15
TAc -3250 30-50
7F -300 15-30
™ -100 0-5
78b 750+ 0-5
S0a -762.5 15-30
90a -742.5 5-15
7TAa -1500 10-20
7Eb -30 5-15
7TEa -30 10-20
9Da -742.5 15-30

DEPTH TO

HYDRAULIC NET
CONDUCTIVITY  PERMEABILITY  RECHARGE
(Gal/day/sq.ft)(Gal/day/sq.ft)(inches)
700- 1000 1.06+04 10+
1000-2000 1.06-02 7-10
1-100 1.0E-03 0-2
1-100 1.0€-03 0-2
300-700 1.0€+01 0-2
300-700 1.0€+01 0-2
1000-2000 1.06+04 7-10
1000-2000 1.0e+064 7-10
1-100 1.0€+00 0-2
1-100 1.0€+00 0-2
1-100 1.0E+00 0-2
1-100 1.0€-01 4-7
2000+ 1.0€+03 10+
700- 1000 1.06+04 10+
700-1000 1.0€+04 10+
2000+ 1.0€+03 10+
700-1000 1.0E+04 10+
1000-2000 1.06+01 7-10
1000-2000 1.06+04 7-10
1000-2000 1.0€+02 4-7
700-1000 1.0€-02 4-7
700- 1000 1.0€+05 10+
700- 1000 1.0€-02 4-7
700-1000 1.0E+04 10+
700-1000 1.0E+04 10+
100-300 1.06-02 7-10
700-1000 1.0€+05 10+
700- 1000 1.0€E+04 10+
100-300 1.0€-03 4-7
300- 700 1.0e-01  7-10
100-300 1.0E+02 4-7
700- 1000 1.0€-01 4-7
700- 1000 1.0€-01 4-7
700- 1000 1.0€+04 10+
700-1000 1.0€-01 4-7
2000+ 1.0€-01 4-7
1000-2000 1.06+04 10+
1.0€-01 4-7
700- 1000 1.0€-02 4-7
1000-2000 1.06+06 7-10
1-100 1.0E-01 4-7
700-1000 1.0E+04 10+
1000-2000 1.0E+01 10+
1000-2000 1.0E+06 7-10
2000+ 1.0€-03 4-7
100-300 1.0€+02 4-7
1000- 2000 1.0€+04 10+
100-300 1.0E+04 10+
1-100 0 7-10
1-100 1.06-02 7-10
100-300 1.0€-03 4-7
700- 1000 1.0€-03 10+
700- 1000 1.0€-02 4-7
1-100 1.08-02 7-10

GROUND -WATER
HARDNESS
(ppm CaC03)
80-120
180-240
180-240
180-240
180-240
180-240
180-240
180-240
180-240
180-240

180-240
120-180
>240
>240
120-180
180-240
>240
80-120
80-120
120-180
180-240
>240
>240
>240
>240
»240
>240

>240
180-240
>240

>240
>240
»>240
»>240
240
>240
>240
»240
180-240
120-180
80-120

<80
<80

180-240

»240
»240
120-180

>240
180-240
180-240
»>240
>240
>240

180-240



PLANT NAME

ASBURY
BLUE VALLEY
CHAMOLS
HENDERSON (MS)
BELEWS CREEX
CAPE FEAR
CLIFFSIDE
HESKETT
OLIVER COUNTY
off-site landfill
NEBRASKA CITY
BL ENGLAND
RATON
ACME
off-site landfill
ASHTABULA
off-site landfill
JM STUART
PIQUA
POSTON
RE BURGER
off-site landfill
WC BECXJORD
off-site landfill
WR SAMMIS
strip mine disposal
WGO
HOL TWOOD
off-gite landfill
HOMER CITY
MITCHELL (PA)
off-site landfill
SEWARD
CROSS
URQUHART
FOREST GROVE
GIBBONS CREEK
off-site minefill
JT DEELY
SAN MIGUEL
SANDOM
BONANZA
CHESTERFIELD
POTOMAC RIVER
off-site landfill
CENTRALIA
off-site landfill
COLUMBIA
GENOCA
HARR]SON
KANAWHA RIVER
MITCHELL
MOUNTAINEER
PHILIP SPORN
NAUGHTON
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DRASTIC VELOCITY DEPTH TO  HYDRAULIC NET  GROUND-WATER

PLANT NAME ST CODE OF AQUIFER GROUND WATER CONDUCTIVITY PERMEABILITY RECHARGE HARDNESS
(Feet) (Gal/day/sq.ft)(Gal/day/sq.ft)(inches) (ppm CaCO3)

ASBURY MO 6bb -762.5 15-30 1-100 1.0€E+00 4-7 120-180
BLUE VALLEY MO 7TEa -30 15-30 700-1000 1.0€-01 4-7 180-240
CHAMOIL S MO 7Ea -30 5-15 700-1000 1.08-02 4-7 >240
HENDERSON (MS) MS 10C 100-200 0-5 1000-2000 1.0E+04 10+ <80
BELEWS CREEK RC 8C -3000 30-50 100-300 1.0E-04 2-4 80-120
CAPE FEAR NC 8¢ -500 5-15 1000- 2000 1.06-01 7-10 <80
CLIFFSIDE NC 8€ -500 5-15 1000-2000 1.0-01 7-10 80-120
HESKETT NO 7TEb -30 5-15 700- 1000 1.0E+04 10+ >240
OLIVER COUNTY NO

off-site landfill TAe 7.5-750 30-50 1-100 1.0£-03 4-7 240
NEBRASKA CITY NE 7Ea -30 0-10 700- 1000 1.0€-02 4-7 180-240
BL ENGLAND NJ 10C 100-200 0-5 1000-2000 1.0E+04 10« <80
RATON NM 68 -130 15-30 700- 1000 1.0E+01 4-7 120-180
ACME OH 7Eb 5-15 700- 1000 1.0E+04 10+ >240

off-site landfill 7F -300 15-30 100-300 1.0€+02 4-7 >240
ASHTABULA OH

off-site landfill 7F -300 15-30 100-300 1.0E+02 4-7 180-240
JM STUART OH 7Eb -30 5-15 700- 1000 1.0€+04 10+ >240
PIQUA OH 7ed -30 5-15 700-1000 1.0€+04 10+ >240
POSTON OH é8 -130 15-30 700-1000 1.0E+02 4-7 >240
RE BURGER ON

off-site landfill 6Da -742.5 15-30 1-100 1.0€-03 4-7 >240
WC BECKJORD oH 6Fb 5-15 1000-2000 1.06+04 7-10 >240

off-site lendfill TAe 7.5-750 30-50 1-100 1.0€-03 4-7 >260
WH SAMMIS OH .

strip mine disposal 6Da -762.5 15-30 1-100 1.0€-04 4-7 >240
WGO oK 6Fb -100 5-15 1000-2000 1.06+04 7-10 80-120
HOL TWOOD PA . o] -148.5 5-15 1-100 1.0€-03 4-7 80-120

off-site landfill 80 -148.5 5-15 1-100 1.0€-03 4-7 80-120
HOMER CITY PA &Da -762.5 15-30 1-100 1.0€-03 &-7 >240
MITCHELL (PA) PA

off-site landfill 6A 75-7500 30-50 1-100 1.06-03 0-2 >240
SEWARD PA 6Fb -100 5-15 1000- 2000 1.06+04 7-10 120-180
CROSS sC 10C 100-200 0-5 1000-2000 1.0E+04 10+ <80
URQUMART sC 8 -500 5-15 1000-2000 1.06-01 7-10 <80
FOREST GROVE ™ 10Ab -130 5-15 700- 1000 1.0E+04 10+ <80
GIBBONS CREEK ™

off-site minefill 10Ab -130 5-15 700-1000 1.0€+04 10+ <80
JT DEELY b ¢ 10Ab -130 5-15 700-1000 1.0E+04 10+ 120-180
SAN MIGUEL ™ 10Aa 3000- 100+ 300-700 1.0€-02 0-2 120-180
SANDOM ™ 60b -742.5 15-30 1-100 1.0€-01 4-7 <80
BONANZA ur 4D 100-300 50-75 100-300 1.0€+01 0-2 180-240
CHESTERFIELD VA 8E -500 0-5 1000-2000 1.06+02 7-10 80-120
POTOMAC RIVER VA

off-gite landfill 8 -148.5 5-15 1-100 1.0€+01 4-7 80-120
CENTRALIA WA

off-site landfill 1Eb -130 5-15 700- 1000 1.0E+04 4-7 <80
COLUMBIA 1] 6Fa -100 0-5 1000-2000 1.06-02 7-10 >240
GENOA Wl 6Fa -100 0-5 1000-2000 1.06-02 7-10 »>240
HARR ] SON w 6Fb -100 5-15 1000-2000 1.06+06 7-10 180-240
KANAWHA RIVER w 6Fb -100 5-15 1000-2000 1.0E+06 7-10 180-240
MITCHELL w 6Fb -100 5-15 1000-2000 1.06+04 7-10 >240
MOUNTAINEER w 6Fb -100 5-15 1000-2000 1.06+04 7-10 >240
PHILIP SPORN w 6Fb -100 5-15 1000-2000 1.06+04 7-10 >240
NAUGHTON wy 48 -1485 50-75 1-100 1.0€-03 0-2 »>240



DISTANCE TO PUBLIC WATER SYSTEMS (PWS)

PLANT NAME STSURFACE WATER SURFACE WATER NAME MINFLOW MAXFLOW WITHIN DOWNGRADIENT PLUME
(maters) (ft(3)/second) (distance in meters)
MCWILLIAMS AL 50 Conecuh River 357 1850 -
INDEPENDENCE AR 340 white River 5740 22600 -
CORONADO A2 7900 Carrizo Wash 0 0 -
NAVAJO AZ 3230 Colorado River 6830 41600 -
SPRINGERVILLE 183 A2 9800 Little Colorado River 0 0 -
SPRINGERVILLE 2 A2 9500 Little Colorado River 0 0 -
CHEROKEE co 80 South Platte River 92.4 676 1700; 1900; 286400
off-site Landfill 350 Clear Creek 84.4 352 700; 5500; 6100
16 co 2600 Yampe River 202 5270 -
off-site landfill 1850 Yampa River 202 5270 -
NUCLA co
off-site tandfill 4400 San Miguel River 77.9 1040 -
VALMONT co 12 South Boulder Creek (Valmont Res) 7.68 256 -
DEERHAVEN FL 1000 Sanchez Prairie Swamp (Turkey Cre 0 0 182500; 132600
FJ GANNON FL 35 Hillsborough Bay (salt) 0 0 -
LANSING SMITH FL 30 North Bay (salt) 0 0 -
MCINTOSH FL 90 Lake Parker 0 0 : 182400; 285500; 137000
SEMINOLE (FL) FL 2200 St. Johns River 3240 12800 6100
ARKWRIGNT GA 700 Ocmulgee River 1190 5230 -
BOWEN GA 200 Etowsh River 1480 3980 -
SCHERER GA 125 Ocmulgee River 1160 3970 -
COUNCIL BLUFFS 1A 170 Missouri River 14600 44900 -
10WA FALLS 1A 15 lowa River 126 753 -
LANSING 1A 200 Mississippi River 16800 69000 100
LOUISA 1A 970 Nisssissippi River 32000 102000 - .
PRAIRIE CREEK IA 180 Cedar River 964 5030 -
off-site landfill 620 Cedar River 964 5030 -
STREETER 1A 1150 Cedar River 964 5030 16 @ 4400
CRAWFORD {8
off-site landfill 65 Des Plaines River 33 1980 -
PEARL 118
off-site landfill 2100 South Fork Mckee Creek 62.7 200 286400; 4a8400
WAUKEGAN IL
off-site landfill 4150 Lake Michigan [ 0 282100; 22600; 136700
BAILLY IN
off-site tandfill 1200 Deep River (Duck Creek) 46.4 287 386700
CAYUGA N 210 Vabash River 2820 15900 -
CLIFTY CREEK IN 265 GChio River 26800 257000 4900
EW STOUT IN 80 White River 583 3900 -
HT PRITCHARD IN 240 White River 697 4660 -
MEROM IN 2200 Wabash River (Turtle Creek) 3790 21100 -
MICHIGAN CITY IN 25 Lake Michigan 0 0 -
WHITEWATER VALLEY IN 1300 East Fork Whitewater River 3 269 -
NEARMAN CREEX KS 550 Missouri River 17500 71600 7400
HENDERSON ONE KY 80 Ohio River 34100 309000 100
HENDERSON TWO KY 450 Green River 3520 31800 200
MORGANTOWN M0
off-site Landfill 3750 Potomsc River 7050 21600 -
NANT ] COKE M0 20 Nanticoke River 297 1230 700
ADVANCE M1
off-site landfill 220 Lake Michigan (Irwood Creek) 0 0 -
COLDUWATER L1
off-site landfill 1130 South Lake (Colduater River) 34 186 -
JH CAMPBELL M1 420 Pigeon Lake (Lake Michigan) [ 0 -
JH WARDEN M1 100 Lake Superior 0 0 100 (prob)
ALLEN S KING ]
off-site Landfill 740 Lake Jane 0 0 184400; 135000
HIBBING ] 950 Welcome River 18 41.7 281400
off-site Landfill 4600 East Swan River 25.2 413 2400
LITCNFIELD ™ 200 Jewitts Creek 2.35 4h.4 -
NORTHEAST M 200 Cedar River 26.2 137 800
RED WING " 180 Mississippi River 8450 36300 -
VIRGINIA MN
off-site landfill 800 Pike River 3.8 107 -



PLANT NAME

MCWILLIAMS
INDEPENDENCE
CORONADO
NAVAJO
SPRINGERVILLE 1&3
SPRINGERVILLE 2
CHEROKEE

off-site tandfill
CRAIG

off-gite landfill
NUCLA

off-site landfill
VALMONT
DEERHAVEN
FJ GANNON
LANSING SMITH
MCINTOSH
SEMINOLE (FL)
ARKWRIGHT
BOWEN
SCHERER
COUNCIL BLUFFS
IOMA FALLS
LANSING
LOUISA
PRAIRIE CREEK

off-site landfill
STREETER
CRAWFORD

off-site landfill
PEARL

off-site landfill
WAUKEGAN

off-gite landfill
BAILLY

off-site landfill
CAYUGA
CLIFTY CREEK
EW STOUT
HT PRITCHARD
MEROM -
MICHIGAN CITY
WHITEWATER VALLEY
NEARMAN CREEK
HENDERSON ONE
HENDERSON TWO
MORGANTOWN

off-site landfill
NANT I COKE
ADVANCE

off-site Landfill
COLDWATER

off-site landfill
JH CAMPBELL
JH WARDEN
ALLEN S KING

off-site landfill
HIBBING

off-gsite tandfill
LITCHFIELD
NORTHEAST
RED WING
VIRGINIA

off-gite landfill

DISTANCE TO
STSURFACE WATER

(meters)

AL 50
AR 340
AZ 7900
A2 3230
AZ 9800
AZ 9500
co 80
350
co 2600
1850

co
4400
co 12
FL 1000
FL 35
FL 30
FL 90
FL 2200
GA 700
GA 200
GA 125
IA 170
IA 15
iA 200
IA 970
1A 180
620
1A 1150

I
65

IL
2100

It
4150

IN
1200
IN 210
IN 265
IN 80
IN 240
IN 2200
IN 25
IN 1300
KS 550
KY 80
XY 450

]
3750
M 20

M1
220

Mt
1130
L) 420
Ml 100

L]
740
L 950
4600
MN 200
" 200
" 180

MN
800

SURFACE WATER NAME

Conecuh River

White River

Carrizo Wash

Colorado River

Little Colorado River
Little Colorado River
South Platte River
Clear Creek

Yampa River

Yampa River

San Miguel River

South Boulder Creek (Valmont Res)
Sanchez Prairie Swamp (Turkey Cre
Hillsborough Bay (salt)

North Bay (salt)

Lake Parker

St. Johns River

Ocmulgee River

Etosah River

Ocmulgee River

Missouri River

Iowa River

Mississippi River

Misssissippi River

Cedar River

Cedar River

Cedar River

Des Plaines River
South Fork Mckee Creek
Lake Michigan

Deep River (Duck Creek)
Wabash River

Ohio River

White River

White River

Wabash River (Turtle Creek)
Lake Michigan

East Fork Whitewater River
Missouri River

Ohio River

Green River

Potomec River
Nanticoke River

Lake Michigan (Irnwood Creek)

South Lake (Coldwater River)
Pigeon Lake (Lake Michigsn)
Lake Superior

Lake Jane
Welcome River
East Swan River
Jewitts Creek
Cedar River
Mississippi River

Pike River

MINFLOW MAXFLOMW

(ft(3)/second)
357 1850
5740 22600
0 0
6830 41600
0 0
0 0
92.4 676
84.4 552
202 5270
202 5270
7.9 1040
7.68 256
0 0
0 0
0 0
0 0
3240 12800
1190 5230
1480 3980
1160 3970
14600 44900
126 753
16800 69000
32000 102000
964 5030
964 5030
964 5030
383 1980
62.7 200
0 0
46.4 287
2820 15900
26800 257000
583 3900
697 4660
3790 21100
0 0
3 269
17500 71600
34100 309000
3520 31800
7050 21600
297 1230
(1] 0
34 186
0 0
(1] 1]
0 0
18 61.7
5.2 £13
2.35 444
26.2 137
8450 36300
3.84 107

PUBLIC WATER SYSTEMS (PWS)
WITHIN DOWNGRADIENT PLUME

(distance in meters)

1700; 1900; 286400
700; 5500; 6100

1a2500; 182600

206400; 438400
282100; 2a600; 136700
386700

4900

7400
100
200

700

-

100 (prob)

184400; 135000
281400
2400

800

23880; 132400; 285500; 137000



PLANT NAME

ASBURY
BLUE VALLEY
CHAMOIS
HENDERSON (MS)
BELEWS CREEK
CAPE FEAR
CLIFFSIDE
HESKETT
OLIVER COUNTY
off-site landfill
NEBRASKA CITY
BL ENGLAND
RATON

ACME

off-site landfill
ASHTABULA

off-site landfill
JM STUART
PIQUA
POSTON
RE BURGER

off-gite landfill
WC BECKJORD

off-site landfill
WH SAMMIS

strip mine disposal
HUGO

HOL TWOOD
off-site landfill
HOMER CITY
MITCHELL (PA)
off-site landfill
SEWARD
CROSS
URQUHART
FOREST GROVE
GIBBONS CREEK
off-site minefill
JT DEELY
SAN MIGUEL
SANDOW
BONANZA
CHESTERFIELD
POTOMAC RIVER
off-site landfill
CENTRALIA
off-site landfill
COLUMBIA
GENOA
HARR I SON
KANAWHA RIVER
MITCHELL
MOUNTAINEER
PHILIP SPORN
NAUGHTON

DISTANCE

STSURFACE WATER

(meters)
MO
MO
MO
MS
NC
NC
NC
ND
ND

2222 2 2%E

Q
=

T0
SURFACE WATER NAME

4600 Spring River (Blackberry Creek)
Little Blue River

Missouri River

Yazoo River (Tchula Lake)

Dan River

Cape Fear River

Broad River

Missouri River

Nelson Lake (Square Butte Creek)
55 Missouri River
50 Great Egg Harbor Bay (salt)
3700 Raton Creek
20 Maumee river
50 Ottawa River

300 Lake Erie (Cowles Creek)
70 Ohio River

50 Great Miami River

250 Hocking River (Hamley Run)

1475 Pipe Creek
80 Ohio River
1350 Ohio River

1200 Ohio River (Croxton Run)
50 Red River

800 Susquehanna River

660 S anna River

1770 Two Lick Creek

850 Monongshela River (Peters Creek)
10 Conemaugh River
340 Lake Moultrie
90 Savannsh River
180 Walnut Creek

2200 Navasota River (Panther Creek)
4450 San Antonio River
1200 La Parita Creek
100 Alcoa Lake
18000 White River
40 James River

120 Holmes Run (Backlick Run)

930 Chehalis River
100 Wisconsin River
50 Missisgippi River
400 West Fork River
30 Kanawha River
40 Ohio River
80 Ohio River
90 Ohio River
700 Hams Fork

MINFLOW MAXFLOM

PUBLIC WATER SYSTEMS (PWS)
WITHIN DOWNGRADIENT PLUME

(ft(3)/second) (distance in meters)

472 1480 -

63.4 251 -
37700 114000 -
11000 41300 1600

323 684 600
1690 5690 284800
1120 2040 -

14700 37900 1200
133 345 -
17000 52500 -
0 0 -
0.57% 7.37 -
1100 11900 -
35 498 -
0 0 -
22400 215000 800; 4900

157 1740 8500

163 1610 400; 2100;5200;8500
7.76 65.6 -

23000 207000 -
23000 207000 -
9850 83300 286100 -
4630 22100 -
19700 66400 -
19700 66400 -

110 619 233700
3510 18300 -

562 3500 -

0 0 -
6670 14800 -
0.12 48.6 -

190 1290 -

303 786 500 (prob)
1.24 12 -

0 0 -

250 2350 -
3580 13600 -

18 76.5 -

181 5190 2000 (prob)
4720 14400 -

15200 62300 -

378 1990 1800 (prob)
4120 23600 132100; 136700
10200 86200 7300
14400 122000 -

14400 122000 -
20.7 829 -



METHODOLOGY FOR CALCULATING THE COST OF
ALTERNATIVE WASTE MANAGEMENT PRACTICES

This appendix discusses how the cost estimates presented in Chapter Six in
terms of dollar per ton of waste disposed were calculated for different types
of waste disposal. These dollar per ton cost estimates included the costs of
current waste disposal practices and the costs of various measures to mitigate

potential environmental impacts.

The cost estimates in Chapter Six were developed primarily from two
reports:
° Arthur D. Little, Inc., Full- e Field Eva of Waste
om Coal- ed Ele ¢ Generatin , June

1985.

° Utility Solid Waste Activities Group, Edison Electric
Institute, and the National Rural Electric Cooperative

Association, Report and Techmical Studies On the Disposal and
Utilization of Fogsil-Fuel Combustion By-Products, October
26, 1982,

The.Arthur D. Little (ADL) study was funded by the Agency under EPA contract
68-02-3167. 1Its purpose was to evaluate current coal-fired electric generating
plants. Specific tasks involved characterizing coal-fired utility wastes,
gathering environmental data, assessing environmental effects, and evaluating
the engineering and costs associated with these disposal practices. The
Utility Solid Waste Activities Group (USWAG) report was submitted to EPA to
assist the Agency in meeting its mandate under Section 8002(n). This report
and its supporting technical studies analyzed the environmental and health
effects of the disposal and utilization of fossil fuel combustion by-products

from electric utility power plants.



G-2

In these twoAreports,;costs were presented for various disposal practices.
However, due to differences in analytical methods between the two studies it
was often difficult to compare the various cost estimates. To circumvent this
problem all disposal cost estimates in these studies were converted to the same
basic unit -- dollar per ton of waste disposed. That is, the cost for each
type of disposal procedure was expressed in terms of the cost to dispose of
each ton of waste generated over the life of the facility. It was felt that
this cost measure would allow comparisons to be made between the cost of
current waste management practices and the cost of alternative waste management

practices.

An example should help illustrate how the dollar per ton cost estimates
were developed throughout this report. In the ADL study the total cost of
basic waste disposal (i.e., disposal in unlined ponds or landfills) was shown
to vary as a function of the size of the electric power plant (e.g., see
Exhibit G-1). To convert these costs by power plant size into costs per ton of
waste disposed, estimates were made of the amount of waste generated as the
size of the power plant varied. There are several variables that can influence
the amount and type of waste generated at a power plant, including size of the
power plant, ash content of the coal, type of boiler, efficiency of the boiler,
utilization rate, and the type of pollution control technologies employed.
Despite these many variables, assumptions can be made to estimate the

approximate amount of waste that would be generated at a "typical" power plant.

For example, the "dollar per ton of waste disposed" estimates presented in

this report generally assume a 500 Mw power plant. This size was chosen to be
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ANNUAL COST OF FLY ASH PLACEMENT AND DISPOSAL IN AN UNLINED POND
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Source: Arthur D. Little, Inc., Full-Scale Field Evaluation of Waste Disposal

From Coal-Fired Electric Generating Plants, June 1985.
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representative of a "typical" power plant, although the size of each generating
unit and the number of units at a site do vary (see Chapter Two for further
discussion). To determine the amount and type of waste generated at a 500 Mw

power plant, the following assumptions were made:

o Coal Properties -- 2% sulfur, 13% ash, 10,500 Btu/lb.
. Load Factor -- 70% (6132 hours per year)

L] Heat Rate -- 10,250 Btu per kilowatt-hour

L S02 Removal -- 90% (wet lime scrubbing)

i Lime Stoichiometry -- 1.1

] Fly Ash/Bottom Ash Ratio -- 80%/20%

These assumptions were taken from the ADL study (see p. 1-17, Table 1.7) and
result in the annual production of 154,000 tons of fly ash (308 tons/Mw),
38,500 tons of bottom ash (77 tons/Mw), and 132,000 tons, (264 tons/Mw), of dry

FGD waste (if the power plant is scrubbing the flue gases).

To determine the cost per ton to dispose of the wastes produced from a 500
Mw power plant using these assumptions, the next step was to obtain the total
annual costs for waste disposal from the ADL study (see pages 6-74 to 6-130 of
the ADL study). For disposal in unlined ponds these costs were approximately
$1.3 million to $2.4 million for fly ash and $275,000 to $510,000 for bottom
ash. For landfill disposal these costs were about $785,000 to $5.1 million for
fly ash and $165,000 to $310,000 for bottom ash. All of these costs were in

late 1982 dollars.



G-5

The ADL cost estimates (or cost estimates from other studies when
applicable) were then converted to fourth quarter 1986 dollars. This was
necessary to ensure that all costs reported in this study were consistent with
one another. The GNP implicit price deflator was used for this purpose. For
the fourth quarter of 1986, the value of this index was 115.2 (1982 = 100; late
1982 = 101.39). The ADL costs were escalated by 13.6 percent to obtain fourth

quarter 1986 cost estimates.

In fourth quarter 1986 dollars, the total annual costs for disposal in
unlined ponds would be about $1.4 million to $2.6 million for fly ash and
$310,000 to $580,000 for bottom ash. For landfills these annual costs would be

$890,000 to $1.7 million for fly ash and $185,000 to $350,000 for bottom ash.

These annual costs were divided by the total amount of each type of waste
produced annually to determine the cost per ton of waste disposed annually at a
representative 500 Mw power plant. For ponding these costs are $9 to $17 per
ton for fly ash (e.g., assuming production of 154,000 tons of fly ash then $1.4
million #: 154,000 tons = $9.09 per ton) and $8 to $15 per ton for bottom ash
(assuming production of 38,500 tons of bottom ash). For landfills these costs

are about $6 to $1ll1 per ton for fly ash and $5 to $9 per ton for bottom ash.

For some waste control strategies, such as liner installation, the cost per
ton will depend on the size of the disposal area affected. The size of a waste
disposal area will vary depending on the amount of waste generated, the type of
facility (landfill or pond), depth of disposal, amount of liquid present, and

frequency of dredging, among other factors. Given the amount of waste assumed



in this analysis to be generated at a representative 500 Mw power plant, a
landfill was assumed to occupy 45 acres at a depth of about 30 meters and to
have an average lifetime of 20 years. A wet surface impouﬁdment was assumed to
occupy 145 acres at a depth of 10 feet, with dredging occurring every five

years.

Using these size estimates for disposal areas, the increase in cost per ton
of waste disposed for installing a liner (or for other practices related to the
size of the facility) can be calculated. For example, in the ADL study the
installed cost of clay liners ranged from $4.40 to $15.50 per cubic yard (see
Arthur D. Little, Inc., p. 6-132). For a liner 36-inches thick, these
installed costs would lead to a cost range of $21,000 to $74,000 per acre. For
a 45-acre landfill, total costs would range from $945,000 ($21,000/acre X 45
acres) to $3.3 million ($74,000/acre X 45 acres), or about $140,000 to $480,000
on an annualized basis (using a 14.5 percent capital recovery factor, e.g.,
$945,000 X 0.145 = $137,025). Since 192,500 tons of waste are produced
annually, the increase in costs to install a clay liner is $0.70 ($140,000
divided by 192,500 tons) to $2.50 ($480,000 divided by 192,500 tons) per ton of

waste disposed.

Applying this same procedure for a 1l45-acre wet surface impoundment, total
costs would range from $3.0 million to $10.7 million, or $440,000 to $1.6
million on an annualized basis. This corresponds to about $2.25 to $8.10 per

ton of waste disposed.



This approach was used throughout Chapter Six to develop the dollar per ton
cost estimates for current waste disposal activities and potential
alternatives. The technical and economic assumptions used to develop these
cost estimates (e.g., the capital recovery factor, disposal area size, etc.)
are representative for the electric utility industry. However, actual costs
may vary as a result of various site-specific factors that are not addressed in

this study.

Chapter Six also provides estimates of the impact of waste disposal on the
cost of generating electricity (e.g., see Exhibit 6-9 or 6-10). For these
estimates, the cost to generate electricity was assumed to be 18 mills ($0.018)
per kilowatt-hour at existing coal-fired power plants based on the following

assumptions:

. A 500 Mw power plant operating in the Midwest.

° No capital charges are included since the capital has already
been committed (i.e., it is a sunk cost).

. No flue gas desulfurization equipment is required.

] Capacity factor is 70 percent.

] Heat rate is 10,000 Btu per kilowatt-hour.

. Coal price is $1.50 per million Btu.

o Operation and maintenance costs are about 3 mills ($0.003) per
kilowatt-hour, with disposal costs ranging from less than 0.5 to
1.0 mill depending on type of disposal practice.

For future coal-fired power plants the assumed generation cost was about 47

mills ($0.047) per kilowatt-hour based on the same assumptions except:



. Capital costs were approximately $1,100 per kilowatt, including
FGD equipment and associated transmission hookup charges.

. Operation and maintenance costs were about 8 mills ($0.008) per
kilowatt-hour. These costs are higher compared to existing power
plants due to the additional operation and maintenance costs
associated with the FGD process.

In Exhibit 6-9 costs were also presented for generating electricity with
natural gas. At an existing gas-fired power plant, total generation costs were

assumed to be about 35 mill ($0.035) per kilowatt-hour based on the following

assumptions:

o No capital charges are included since capital costs are ;unk.

. Capacity factor is 70 percent.

° Heat rate is 9000 Btu per kilowatt-hour.

. Gas price is $3.75 per million Btu.

d Operation and maintenance costs are about 2 to 2.5 mills per

kilowatt-hour.
Generation costs at future gas-fi;ed power plants were assumed to be about

49 mills ($0.049) per kilowatt-hour based on the same assumptions listed above
for existing gas-fired power plants except capital costs were included at a
cost of approximately $550 per kilowatt, including associated transmission

hookup charges.



