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EXECUTIVE SUMMARY1.0

The production of electrical energy in the U.S. in the
near future will place greater emphasis on the utilization of
coal. It has been reported that between 1976 and 1986 the coal-
fired capacity in the U.S. will increase by 60% or 160,000 Mw.
Emissions from these plants are controlled by the Clean Air
Amendment of 1977 and result in the production of large masses
of fly ash and scrubber sludge. In lieu of commercial utiliza-
tion, disposal of these solid wastes must be conducted in a
manner which is consistent with the requirements of the Resource
Conservation and Recovery Act of 1976 (RCRA).

Radian Corporation was contracted by the Environmental
Protection Agency (EPA) to provide the EPA Office of Solid
Waste with a preliminary basis for responsible agencies to

evaluate the definitions and possible -regulations required for
assessing the impact of implementation of RCRA Section 4004
as it may apply to the utility industry.

The objective of this study was accomplished through
the completion of four tasks. The first task consisted of a
characterization of the utility industry, including the number
of plants, distribution by size and EPA region, and the general
economic status of the industry. Results of this task can be
used to assess the impact of implementation of RCRA Section 4004
on federal and state regulatory agencies and on the utility.
States and utilities in the Ohio Valley will be hit the hardest
by implementation.

The second task determined quantities of flue gas clean-
ing (FGC) wastes - fly ash, bottom ash and scrubber sludge - as



produced by a number of possible scenarios for a "model" 1000 Mw
plant. The chemical, physical, structural and leaching pro-
perties of the waste were discussed. The characteristics and
mass of the FGC waste affect disposal methodology, disposal costs
and potential environmental effect. Approximately 62 million dry
metric tons of ash and 2.7 million dry metric tons of sludge
were produced in 1977. Fly ashes from western coals can
stabilize scrubber sludges better than ashes from eastern coals
because of the higher calcium content and alkalinity of western
coals. Stabilization consists of lower permeability and higher
structural strength.

Disposal practices for FGC wastes were addressed in
A' distinction was made between ponding versus land-
An average distance of 3 miles from the plant was

The economic impact of RCRA Section 4004 was
assessed to the degree possible consistent with the scope of work
and available information. Information gained in this task
provides part of the basis for determination of the impact of
regulations pertaining to solid waste disposal. Preliminary
assessment of the data indicate that RCRA could have a signifi-
cant impact on the current and future disposal practices of the
utilities and could have economic impact on the utility industry

as a whole. Alternate disposal methods such as mine disposal,
ocean disposal and landfarming were also examined. Mine disposal
either in surface or deep mines is the most technically possible
and environmentally acceptable alternate to ponding and landfilling.

Task 3.
filling.
was determined.

The final task area involved evaluation of the methods
of the utilization of fly ash, bottom ash and scrubber sludge.
Both current and future recovery methods were identified and
evaluated with respect to technical, geographical, environmental
and economic considerations. Although regenerable processes
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are in full-scale operation at several U.S. plants in 1978, it
is not foreseen that these regenerable processes will signifi-
cantly reduce the industry-wide quantity of FGD scrubber sludge
in the near term. In specific instances where the sulfur or
sulfuric acid by-products can be marketed, regenerable processes

can reduce the FGC waste quantities and allow collection and
utilization of dry fly ash without the need for using fly ash to

fix scrubber sludge. Utilization of FGC waste products is
important in that it reduces the quantity requiring disposal,

natural resources and can generate revenues to offset
collection and disposal costs. Ash utilization was 21 percent

in 1977 while sludge utilization was nil. Research and incentives
to increase utilization of the FGC by-products are needed.

conserves

A summary of the findings of this study follows:

Characterization of Electric Utility Industry1.1

The characterization of the utility industry consisted
of the number of coal-fired plants organized according to in-
ventories within the ten EPA regions and also within each of the
states. The total coal-fired capacity was also delineated in
the same manner. The financial status of the utility industry
was also assessed. These characterizations will provide in-
formation to each of the states and each of the EPA regions in
assesing their level of effort in implementing RCRA Section 4004.
Results of this task also summarize the financial status of the
utility industry and provide a partial basis for interpreting
the economic impact of Section 4004 on the utility.

Utility owned,coal-fired generating plants in the
United States were inventoried for the year 1976.
utilities owning approximately 399 coal-fired power plants.
These 399 plants had a total coal-fired capacity of 202,380 mega-
watts (Mw).

There were 171
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The distribution of this coal-fired generating capa-
city by state in 1976 is shown in Figure 1. The number of
utility-owned, coal-fired plants within each state is indicated in
parenthesis. The EPA regions are indicated by heavier border
lines. Most are in EPA regions III (60 plants), IV (72), V (l^l)and VII (49). These same four regions also accounted for 85 per-
cent of the electrical energy produced from coal. Region IV <

(50,000 Mw) and Region V (69,000 Mw) accounted for over 50 per-
cent of the total U.S. coal-fired capacity. Significant growth
is anticipated in the southern and western EPA regions.

In 1976, approximately 25 percent of the plants had
less than 100 Mw capacity. Approximately 40 percent of 157
plants had capacities between 100 and 500 Mw. There were 72
plants with coal-fired capacities of 500 to 1000 Mw and 57 plants
in the 1000-2000 Mw range. Only 12 plants had capacities greater
than 2000 Mw. The average coal-fired capacity of all plants was
approximately 500 Mw.

1

Approximately 78 percent of the installed generating
capacity in the U.S. is operated by investor-owned utility
companies, serving about 78 percent.of the nation's utility
customers. Public power systems (10 percent of capacity, 12
percent of customers), rural electric cooperatives (2 percent,

10 percent) and TVA (10 percent, 0 percent) own and serve the
remainder. Each electric utility company, public power system,
or cooperative operates as regulated monopoly in a designated
service area. The industry is highly capital investment-inten-
sive. It has experienced diffuculty in raising capital during
recent years due to decreasing bond ratings and increasing interest
charges. During these years, investor-owned utility companies
have experienced difficulties in raising capital through stock
sales; price-book ratios less than 1.0 have been consistently

-4-
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Figure 1-1. Distribution of coal-fired generating stations
and coal-fired capacity by states (1976)



While the industry's financial condition has improvedreported.
somewhat since 1974 (the worst year), it has not sufficiently

Financial analysts believerecovered to be considered healthy,
that (1) inflation levels of 4 percent per year could cause
improvements, (2) inflation levels of 5 to 6 percent per year are
only tolerable, and (3) inflation rates' in excess of 10 percent

per year could restrict investment to the point that additional
rate increases would be required in order to finance capital
expenditures.

Utility regulation affects both plant construction and
rates charged for services. Typical licensing times for coal-
fired power plants range from 33 to 49 months. The licensing
procedure may require up to 50 permits from a number of different
regulatory agencies. Customer rate bases approved by rate com-
missions between 1974 and. 1977 have reflected returns on common
equity ranging from 10.6 to 11.8 percent. In early 1978 a return

on common equity of about 12 percent was considered reasonable by
financial analysts. Current capital costs for coal-fired plants
reflected in these rate bases range from $450 to $800
per installed kilowatt capacity. Credit for costs of construction
work in progress (CWIP) may or may not be reflected in the rate

base, depending on the discretion of the governing rate commission.
Generally, credit for CWIP, if granted, is based upon the financial
state of the company, and it allows financing through rate increases
rather than through the money market. Future revenue requirements,
which will eventually be reflected in rate bases, have been esti-
mated to range from about 3<?/kwh in 1978 to 3.5-4<? per kwh sold
in 2000.

In summary, over 50 percent of the U.S. s coal-fired
electricity is produced by the states in EPA regions IV and V
during 1976. Regions III and VII also have significant coal-fired

-6-



capacity (35%). Region VI and other parts of the west are
forecast to have significant growth during the next few years.
Consequently, the states' agencies and EPA region staff of these
regions will bear the bulk of the implementation of Section 4004.
The bond ratings of the utility have been low since 1973 and
price-book ratios of less than 1.0 have been consistently
reported. Consequently the utility industry is not financially
healthy.

1.2 Characteristics of Solid Wastes

The quality of coal fired in the boiler is the single
most important variable affecting both the quality and quantity
of ash and scrubber sludge produced. The quantities and quali-
ties of ash and sludges produced by burning western and eastern

coals in a "model" 1000 Mw power plant are shown in Table 1.
The coal is the source of the minerals, both major and trace

elements which comprise the fly ash and bottom ash. The quantity
of scrubber sludge produced is largely a function of the sulfur
content of the coal. The coal is also a major source of the
chlorides and volatile trace elements found in the scrubber
liquor. The makeup water and sorbent (lime or limestone) are
other sources of dissolved species in the scrubber liquor.

The environmental impact and consequently the disposal
methodology for reducing or minimizing this environmental impact

is significantly affected by the quantity and characteristics of
the FGC waste by products: fly ash, bottom ash and scrubber
sludge. The factors influencing quantity which have been
characterized by a number of scenarios include coal quality,
scrubber type and operation, and emission regulations. The
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TABLE 1-3, TYPICAL QUANTITIES AND QUALITIES OF
ASH AND SCRUBBER SLUDGE FOR MODEL 1000 MW
POWER PLANT

Western Coal Eastern Coal

Quantities
(Dry Metric Tons/yr)

Current Regulations*
Fly Ash & Bottom Ash

Scrubber Sludge

Future Regulations**
Scrubber Sludge

Qualities

270,000

17, 000
408,000

336,000

102,000

Chemical
High calcium, high alkalinity Low calcium, low alkalinity,

even acidic in some cases.
Cement-like properties with
addition of lime.
Higher sulfite content

Fly Ash

Cement-like properties can
stabilize scrubber sludge

Higher sulfate contentScrubber sludge

Structural
Fly Ash Stable with adequate mois-

ture control and compaction.
Stable with adequate mois-
ture control and compaction

Stable

Fly Ash/Scrubber
Sludge in Mixture Stable

Naturally Oxidized
Scrubber Sludge

Leaching

Fly Ash

UnstableUnstable

pH alkaline to acidic gen-
erally higher solubilities

High pH

Ĉurrent regulations (1978) Maximum S02 emissions of 1.2 lbs SO2/IO6 Btu.
Particulate emissions reduced by 99%.

**Future regulations proposed 9/19/78 -SO2 concentration in flue gas reduced
by 85% or to .2 lbs S02/10s Btu.
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chemical, physical, structural and leaching properties of
each of the three wastes have been discussed based on available
information.

Chemical and physical properties of the material dictate
to a large extent the structural and leaching properties of the
material. Structural properties describe the structural stabil-
ity of the disposal material and future uses of the reclaimed
land. Leaching properties are a major consideration in evaluat-
ing the potential for groundwater or surface water contamination.
Results of this task are summarized in the following paragraphs.

The firing of western coal (9,000 Btu/lb, 8% ash, and
0.8% sulfur) in a 1000 Mw generating plant can result in 218,000
dry metric tons of fly ash per year (99% removal) and 54,000 dry
metric tons of bottom ash per year. Approximately 17,000 dry
metric tons or 50,000 wet metric tons (35% solids) of scrubber
sludge would be produced with current S02 regulations of a maxi-
mum emission of 1.2 lbs S02/106 Btu and representative scrubber
operations. Stricter particulate regulations will not signifi-
cantly impact the quantities of fly ash produced either from

*

eastern or western coal. An expected SO2 regulation of 85 per-
cent removal will increase the scrubber sludge quantity of this
1000 Mw plant from the 17,000 to 102,000 dry metric tons to

113,000 dry tons per year. The firing of eastern coal (11,000
Btu/lb, 15% ash, and 3% sulfur) in the same 1000 Mw plant results
in 408,000 dry metric tons/year of ash and 336,000 dry metric
tons/year of scrubber sludge under current regulations.

The effect of scrubber operation on the quantity of
by-products was evaluated,
limestone scrubbing process will increase the quantity of dry
scrubber sludge by 20 to 30 percent, but can be offset by

The use of forced oxidation in a
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improved dewatering and settling properties. Approximately 20
to 30 percent more scrubber sludge will be produced with a lime
or limestone stoichiometry of 1.5 (67% utilization) than with a
stoichiometry of 1.1 (90% utilization).

Fly ash is made of fine particulates similar in texture
to Portland cement, with specific gravities ranging from 2 to 3.
Chemically, it primarily consists of silicon, aluminum and iron
compounds. In addition, western ashes have significant quanti-
ties of calcium, magnesium, sodium and sulfur compounds. The-
calcium compounds of the fly ash are responsible for the cement-
like qualities the western fly ash displays when mixed with water

or with wet scrubber sludge.

These western fly ash disposal materials have displayed
a higher degree of structural, stability and impermeability than
equivalent mixtures made with eastern bituminous fly ashes. The
unconfined compressive strength of western fly ash disposal
materials are reported to range from less than 100 psi to over
5000 psi. For comparison, a car exerts 30 psi on the surface
while a person walking exerts 5 psi. Permeability coefficients
of the western fly disposal materials varied from 10"5 to 10
cm/sec. Permeability coefficients less than 10”5 cm/sec are
considered low. For example, permeability coefficients of 10"7

cm/sec and lower are specified as suitable for lining.

“10

Adequate structural stability for disposal can be
achieved using eastern fly ashes with moisture control and
compaction. Because of the pozzolanic nature of the eastern fly
ashes, lime can be added to reduce the permeability further and
to enhance the structural stability.
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Bottom ash is collected in the bottom of the boiler
as a coarse, angular particle ranging from 50 microns to 1 inch
in diameter, similar to fine gravel and sand. Consequently,
it has a high porosity with permeability coefficients, typically
ranging from 10"1 to 10 3 cm/sec. It displays no cohesive qual-
ities. With respect to major species, it is chemically very
similar to its respective fly ash. However, leachable constituents
are. significantly lower, in part due to its fused condition and
reduced surface area.

The principal components found in scrubber solids are
the calcium sulfite coprecipitate, gypsum and calcium carbonate.
The scrubber liquor will be composed primarily of calcium,
magnesium, sodium, chloride, sulfite, carbonate and sulfate. *

The relative concentration of the liquid and solid phase chemical
species will be dependent on the S02 and oxygen concentration in
the flue gas, the type of scrubber system, the quality of sorbent
and makeup water, and the operation of the scrubber.

Scrubber sludges as received from a clarifier are not
structurally stable and have relatively high permeabilities. In
general, scrubber sludges behave as cohesiveless materials dis-
playing unconfined compressive strengths less than 20 psi. In
many cases the scrubber sludges are not structurally stable.
Permeability coefficients of 10”3 to 10”* cm/sec are reported
for settled and drained FGD scrubber sludges. By applying more
extensive dewatering techniques (e.g., vacuum filtration or
centrifugation) and compaction techniques the permeability
coefficients can be reduced to 10"* to 10’5 cm/sec, and the
structural properties enhanced. Upon stabilization with either
western fly ash, eastern fly ash and lime, or with some commer-
cial fixation techniques, unconfined compressive strengths in
excess of 100 psi can be acheived. Disposal materials with these
properties are structurally stable and relatively impermeable.

-11-



The leaching of fly ash, bottom ash and scrubber sludge
is important with respect to possible groundwater or surface
water contamination. The concentration of major species in the
FGD scrubber sludge is high particularly in comparison with that
of the ash leachate. During the active stages of sludge or ash/
sludge disposal, the characteristics of the leachate will be
dominated by the quality of the adherent scrubber liquor and will
contain high concentrations of chloride, sulfate and total dis-
solved solids (sodium and magnesium in some cases). After the
original adherent:scrubber liquor is leached, the solubilities of
calcium sulfite hemihydrate, gypsum and. calcium carbonate will
control the concentration of major species.

Trace element concentrations in the leachate are highly
variable and are dependent upon the chemical characteristics of
the leaching solution, the pH, temperature, the solubility of the
compound containing the trace element and the concentration in
the solid phase. A review of available field leaching data of
FGC waste products fly ash, bottom ash and scrubber sludge has
revealed that the average reported concentration of all chemical
species were below the September 12, 1978 RCRA criteria for
toxicity. The average concentration of the following chemical
species have exceeded or were near the federal drinking water

standards or irrigation water quality parameters:

Molybdenum
Selenium

Chromium
Fluorine

Manganese
Mercury

Arsenic
Boron

Application of the same evaluation criteria to FGD sludge liquors'

and elutriates indicates that the average concentration of the
same elements plus cadmium exceeded either the drinking or
irrigation water quality criteria. These water criteria were
not meant for evaluation of FGC waste leachates but are used here
for reference in lieu of applicable concentration standards for
FGC leachates.
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In summary, western subbituminous coal produces less
ash and scrubber sludge than eastern bituminous coal does in
producing the same amount of electricity. If the expected air
regulation of 85 percent S02 removal is applied, the quantity of
scrubber sludge produced by an installation firing western coal
will be increased substantially. This effect is minimal, for
units firing eastern coal. Western coals, in general, produce a .

fly ash which has significantly higher calcium concentrations and
higher alkalinity than that produced by eastern coal. The higher
calcium concentrations and available alkalinity have been correlated
with the capability of the western fly ashes to stabilize struc-
turally the scrubber sludge without the addition of lime and
other fixation additives.

Permeabilities below 1Q~S cm/sec and unconfined com-
pressive strength in excess of 100 psi can be achieved upon
stabilization with either western fly ash, eastern fly ash and
lime, or other fixation techniques. The quality of leachates
from FGD scrubber sludge will initially be governed by the quality
of the adherent scrubber liquor and later by the solubility
of the solid phase. The average reported concentration of arsenic,
boron, chloride, chromium, fluorine, manganese, mercury, moly-
bdenum, selenium and sulfate exceeded federal drinking and irri-
gation water criteria.

1.3 Waste Disposal Practices

This task investigated current disposal methodologies
employed by the utility industry in the disposal of their FGC
by-products, fly ash, bottom ash and scrubber sludge. The pre-
valence of these practices in 1978 was determined and then pro-
jected into- the future. Alternate disposal technologies which
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may be applicable in the future were also considered. An analysis
of the transportation distance from point of origin to the final
disposal site was made in order to assess the economic impact of
disposal.

The economic impact of implementation of RCRA was
estimated by interpreting the RCRA relative to the disposal
of nonhazardous solid wastes from the electric utility industry.
In the absence of a sufficient data base, the cost of RCRA com-
pliance was estimated by (1) making "reasonable" assumptions
regarding existing and new plant situations and (2) applying
engineering and cost data for a typical coal-fired plant to
calculate the nationwide cost of compliance for a hypothetical
enforcement scenario.

1.3.1 Current Disposal Practices

Current practices for disposing of solid waste products
generated by coal-fired utility plants were determined from two

data sources. One source was the Federal Power Commission Form
67 data tape which contained information reported by the utility
companies to the FPC for the year ending December 31, 1974.
Selected utility plants were contacted and the literature was

searched to supplement the Form 67 data and provide more current

information.

Data for 1978 were obtained from 64 plants producing
over one-third of the fly ash and bottom ash concerning their mode
of disposal, quantities, utilization, distance to disposal site
and disposal costs. Information on sludge disposal practices
was obtained from other recent reports.
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Disposal of FGC by-products can be placed in two gen-
eral categories, ponding or landfilling. Significantly more
fly ash is currently disposed of in landfills (51 percent) than
in ponds (34 percent). However, more plants use ponding of the
fly ash than landfilling. Current bottom ash disposal practices
favor ponding (44 percent) over landfilling (29 percent). The
test of the ash is either utilized or disposed of in undisclosed
methods (paid disposal or other).

Future trends are anticipated to favor landfilling.
Sufficient data was not available to determine the percentages
of disposal sites which are utilizing linings and/or monitoring
wells.

Information on the amounts of scrubber sludge ponded
versus landfilled or other modes was not available on a consistent
and meaningful basis either from the FPC data tape or from con-
tacts with the utilities. This is principally due to the fact
that scrubber sludge is produced as a wet product in slurry form.
There was lack of consistency in reporting amounts based upon a
dry product versus a slurry with varying percentages of solids
on a weight basis. However, applicable documentation estimated
that in 1977 approximately three million tons of FGD scrubber
sludge on a dry weight basis were produced. Of the 30 plants
producing sludge, 60 percent employed ponding and 40 percent

employed landfill. Five of these plants stabilize the scrubber
sludge by mixing with fly ash and lime (three have contracted with
I. U. Conversion Systems). Two plants stabilize by blending with
alkaline ash (one has contracted with Research Cottrell). One
plant uses Dravo's Calcilox method for stabilization of the scru -̂oer
sludge followed by ponding. Of the 37 utilities who have scrubber
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plans announced, 51 percent will use landfilling as opposed to
ponding. This increase in percentage (40 percent to 51 percent)
of plants choosing landfilling over ponding indicates a trend
towards landfilling.

In order to characterize current disposal practice in
terms of distance from generating plant to ultimate disposal site
(whether pond or landfill), selected utilities responsible for
producing over one-third of the fly ash and bottom were contacted.
The tabulation of this data indicated that approximately 93
percent of fly ash and bottom ash is transported less than five
miles from generation point to disposal point. The mean distance
from plant to disposal site was 3.0 miles. The average distance
each ton of ash was transported was slightly less than 2.7 miles.
This information is more valuable in predicting costs than just
a breakdown between on-site vs off-site costs. However, it is
highly probable that the majority of disposal sites within five
miles of the generating plant are located on-site.

Economic Impact of RCRA1.3.2

The enforcement function of RCRA is intended to be per-
formed by the states. The state agencies will have considerable
flexibility in classifying sites as sanitary landfills or open
dumps and determining both compliance options and compliance
schedules for facilities classified as open dumps. Under current

circumstances, it was not possible to determine the number of
facilities potentially affected by RCRA or the course of action
facilities will have to take. For these reasons, the economic
evaluation was based on hypothetical enforcement scenarios as
opposed to an estimate of the cost of compliance for the whole
industry.
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The economic evaluation was accomplished by estimating
the costs for (1) potential enforcement options relating to RCRA
and (2) current disposal practices. The analysis involved
scenarios for existing and planned (or future) plants. The cost
estimates were based on costing various disposal options for a
"typical" 1,000 MW coal-fired plant. These cost factors were
then used to determine the cost of compliance by applying them
to the entire generating capacity assumed to be affected..

Several key assumptions were necessary to estimate the
economic impact of RCRA. Some of these assumptions have a sound
basis. However, others are subject to question. The assumptions
are presented only as being reasonable and should not be con-
strued as being the only reasonable assumption. Furthermore,
the economic estimate presented here should be evaluated in light
of these key assumptions.

The potential impact of RCRA on existing plants was
assumed to be limited to plants beginning operation after 1970.
The plants were assumed to have to move disposal from the current
distance of 4.8 kilometers (3 miles) to 16.1 kilometers (10 miles).
New landfill sites were assumed to be necessary to protect ground-

Fonds were assumed to be lined. It was assumed thatwater.
(1) the landfill and ponding cost factors developed for the
"typical" 1000 MW coal-fired plant could be applied to the
1970-1976 distribution of existing generating capacity and (2)
one-half of the existing capacity would have to move their dis-
posal sites.

For planned (or future) plants, the primary assumption
was that all plants would be affected by RCRA. The projected
capacity to be constructed in the 1975-1985 period was taken to

be 160,000 Mw, or 160 "typical" 1000 MW plants. The primary
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effect of RCRA was assumed to be distance from plant to disposal.
The average distance from plant to disposal was assumed to be
8.0 kilometers (5 miles) for RCRA as opposed to 4.8 kilometers
without RCRA. As with existing plants, all ponds were assumed
to be lined and the cost factors for the "typical" 1000 MW plants
were assumed applicable.

A summary of the estimated cost of compliance with
RCRA is presented in Table 1-2. The cost of well monitoring
($4,000,000/yr) has been included in the revenue requirements for
the existing and planned facilities.

It is estimated that the capital investment costs re-
lated to disposal of electric utility nonhazardous solid waste

will increase 36 percent or approximately one billion dollars due
to compliance with RCRA. Annual revenue requirements, however,
are estimated to increase only 3-6 percent, from 1.20 billion to

1.27 billion dollars per year.

In general, the cost data used indicate that the cost

of disposal rises sharply with the distance from the plant.
Ponding is economical only at very short distances. At greater

distances, the cost of pumping is very high. The cost of liners
is also very important. The cost differences between clay liners
and synthetic liners may vary by 50 percent or more. When the
capital investment is in the range of 10 to 50 million dollars per
plant, a difference of 50 percent is large.

The assumptions that have the greatest effect on the
cost estimates are the ones concerning (1) how the plants would
comply with RCRA associated regulations, (2) what those regula-
tions might be, and (3) the applicability of the cost data
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TABLE 1-2.SUMMARY OF ESTIMATED COST OF COMPLIANCE
(MID 1979 DOLLARS)

Revenue Requirements ($/yr)Capital Investment Costs ($)
Estimated Cost
of Compliance
with RCRA

Estimated Current
with Predicted
Cost - No RCRA

Estimated Current or
Predicted Cost - No
RCRA

Estimated Cost
of Compliance
with RCRA

68,725,000Existing*Plants
(1970-1978
Construction)

49,075,000 0 55,350,000

Planned and
Future
Facilities
(1978-1985)

3,631,750,000 2,699,650,000 1,148,140,0001,202,700,000.
i

VO
I

1,271,425,0003.680,825,000 2,699,650,000 1,203,490,000ToLai Costa

981,175,000 67,935,000Net Costs

*AB8iimlna 50% out of Compliance



for Che generalized calculations made in this study. Several
important factors were not included in the analysis of the cost
of compliance. One important question is the fate of any existing
disposal facilities abandoned because of danger to groundwater.
If such facilities are forced to remove the waste materials
and recover the site, the costs would be very high. If the
facility is allowed to cover ponds, or landfills and abandon them,
the impact will be limited to the costs associated with the mature

retirement of the facility.

Another important cost consideration that was not in-
cluded in the study was the cost of building a levee to protect
ponds from flooding. As the potential impact of the levee on
flood water retention is a major factor, a study must first be
conducted to determine if such structures can provide protection
while allowing passage of flood water. If levees can be constructed
that will be in compliance with these restrictions, the cost of
construction and maintenance will be highly site dependent.

Alternate Disposal Technologies1.3.3

Three alternate disposal techniques - mine disposal,
ocean disposal and landfarming - have been considered.

Of the three techniques, disposal in mine is the most
promising. Disposal in surface mines is the most technically
feasible for several reasons. Surface mines offer substantial
capacity, ease of disposal, future resource recovery, and in many
cases close proximity to sludge sources. One potential benefit
of disposal in deep mines is in preventing mine subsidence.
Mine disposal in general should be considered a viable disposal
alternative. The suitability of a mine will be site-specific

-20-



and depend on factors such as geographical location, site
geology and site hydrology. Provided transportation distances
are not excessive and lining is not required, surface mine
disposal can be less expensive than ponding or landfilling.
More work is needed to study waste/mine interaction both chemi-
cal and physical. Other studies could discuss the potential for
mine disposal on a regional basis.

Significant questions have been raised as to the
environmental acceptability of ocean dumping of FGC wastes.
Four principal impacts have been identified: Benthic sedi-
mentation, suspended solids, increased chemical oxygen demand
and trace element contamination. Existing regulations and
regulatory initiatives do not favor any new ocean dumping
However, the disposal of stabilized FGD sludge blocks in ocean
as manmade reefs appears promising. Costs of disposal have been
estimated to range from $4.00 to $12.50 per dry ton of sludge.
Additional research is required to characterize the chemical,
physical and biological interaction with the ocean environment.

Landfarming does not seem to be a viable option because
of a lack of nutrients, the potential for excessive concentrations
of trace elements and the large volume of solid waste involved.

In summary, disposal practices of the utilities equally
favor ponding and landfilling. Future trends slightly favor
landfilling. Disposal in surface and underground mines is tech-
nically and economically feasible and consequently may see in-
creased usage as a disposal site. The mean distance from the
plant to disposal site is 3 miles. RCRA Section 4004 will
result in increased disposal costs to the utility industry as a
whole. Current practices of some utilities will meet RCRA
Section 4004 requirements and consequently will feel little
economic impact. Sites of other utilities will require sub-
stantial upgrading which will result in significantly higher dis-
posal costs. -21-



Utilization of Utility Wastes1.4

For coal-fired utility plants, recovery practices
are directed toward the utilization of the fly ash, bottom ash
and/or boiler slag and flue gas desulfurization scrubber sludge
in some form. Utilization of the by-produces would be desirable
in that

1) it reduces the quantity of wastes requiring
disposal thus reducing disposal costs and
potential adverse environmental impacts
of disposal, and

2) it conserves other U.S. natural resources
f

and can result in income to offset the
costs of disposal.

In 1977 total U.S. production of fly ash, bottom ash
and boiler slag was 67.8 million tons with 14.0 million tons
successfully recovered and utilized for a utilization of 20.7
percent.

Several areas of fly ash, bottom ash and boiler slag
utilization have been proven technically feasible,

arized in Table 1-3.
These areas

are st M i l l

The utilization of calcium sulfite/sulfate based FGD
scrubber sludge has been much more limited than that of ash.
Utilization of scrubber sludge is more one of conceptual
development and testing for recovery rather than actual wide-
spread utilization. Possible uses for scrubber sludges are (1)
recovery of chemicals, (2) manufacture of building materials,

(3) structural fill, (4) paving materials, (5) soil stabilization
in agriculture and (6) environmental pollution control. Only the
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TABLE 1-3. U.S. ASH UTILIZATION IN 1977

Bottom
Ash

Boiler
Slag

Flv
Asn

Total Ash Collected
(10s tons)

Total Ash Commercially
Utilized
(10s tons)

Utilization (%)
Raw Material - Portland
Cement
Type 1 - P Cement
Partial Replacement of
Cement in Concrete
Lightweight Aggregate
Structural Fills &
Embankments
Road Base and Subbase
Asphalt Filler
Ice Control
Blasting Grit and
Roofing Material
Miscellaneous

48.5 14.1 5.2

4.2 2 . 8 3.0

10 3
7 3

37
3 5

3330 8
4 8 . 2
3

3.6 14

50
3 15 23
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production of gypsum wallboard and the utilization of gypsum
in making Portland cement have any possibility as a signifi-
cant outlet for scrubber sludge in the foreseeable future.

Regenerable SO2 processes have the capability of
reducing the tonnage of sjudge while producing commercial by-
products with demonstrated markets. Regenerable SO2 processes
eliminate the calcium sulfite/sulfate scrubber sludge while
producing either sulfur or sulfuric acid. Another advantage of
regenerable processes is that they make more ash available for
utilization, since some of the ash would otherwise be required to
stabilize the scrubber sludge.

Marketability of sulfur and/or sulfuric acid would
appear to be limited for the next 10-12 years on any widespread
basis. In general, existing sources of sulfur and sulfuric acid
are available to meet demand. However, in certain locations
unique conditions might create a local market. After 1990,
marketability of sulfur and sulfuric acid derived from fossil
fuel S02 may very well be enhanced because deposits of sulfur
presently being mined along the Gulf Coast are expected to be
depleted.

Regenerable processes do require a pre-scrubber
system prior to the S02 removal system to remove fly ash and
chlorides. The pre-scrubber waste stream will be small (5-10
percent) compared to the typical scrubber sludge waste stream,

but will also have to be evaluated carefully as an environmental
hazard due to its high proportion of soluble species.
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In summary, utilization of FGC by-products is impor-
tant in terms of reducing environmental impact, conserving
natural resources and boosting the economy. The majority of the
fly ash is used as a fill material. Bottom ash is principally^

used as a fill material and for skid control. The largest
portion of the boiler slag is used as blasting grit and roofing
material. Current utilization of FGD scrubber sludge is
practically zero. Regenerable processes in a limited scale can
replace the scrubber sludge with either sulfur or sulfuric acid.

1.5 Conclusions and Recommendations

The solid wastes produced by coal-fired electric
utilities were examined with regard to the requirements of
Section 4004 of the Resource Conservation and Recovery Act.
The study involved four major tasks: (1) characterization of
the electric utility industry, (2) characterization of the solid
wastes, (3) waste disposal practices, and (4) utilization of
utility wastes.

The following conclusions have been drawn based upon
the results of this study:

1) Implementation of Section 4004 of the
RCRA will be borne primarily by the
states and EPA staffs in Regions III,
IV, V and VII. These regions account

for over 85 percent of the coal-fired
capacity in 1976. The coal-fired
capacity of Region VI and other western

states will undoubtedly increase in the
near future.
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2) Technical information available at this
of DJ)* A r$

time i
solid wastes are nonhazardous and, as such,
will require disposal in sanitary landfills.
Furthermore, fly ash, bottom ash, and
scrubber sludge mixtures can be stabilized

t

to improve structural strength and reduce
permeability. However, sufficient hydrologi-
cal data from existing disposal sites are

hat the majority of utility

not available for adequate assessment of the
degree to which existing sites qualify as
sanitary landfills.

3) The use of western coal is more desirable
in that its combustion produces 33 percent

less fly ash and 95 percent less scrubber
sludge than eastern coal under current S02
and particulate regulations. The potential
future regulation of 85 percent S02 removal
remove part of this incentive to use western

coal. Western coal has the added advantage
of producing alkaline fly ashes which are
capable of stabilizing FGD scrubber sludges.

4) The economic impact of RCRA was estimated
to be roughly 1 billion dollars in capital
investment and 70 million dollars in annual
revenue requirements for a hypothetical
enforcement scenario involving the modifica-
tion of disposal sites for approximately
20,000 Mw of existing capacity and 160,000 Mw
of planned capacity. It should be emphasized
that these costs are only rough estimates and
highly dependent upon the scenario basis and
key assumptions.
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5) Utilization of utility wastes should be
strongly encouraged because it reduces
the environmental impact of disposal,
conserves natural resources and could

Utilization may beboost the economy,
increased by eliminating the three major
areas of resistance: (1) technical
limitations compared to alternative
materials, (2) institutional barriers
related to poor understanding or
inadequate market development, and
(3) possible environmental concerns
related to some uses. Regenerable S02
control processes will probably not

significantly reduce the industry-wide
production of. solid wastes, although
these processes can reduce the solid
waste disposal requirements for a
particular utility where local markets
exist for sulfur and sulfuric acid.

Additional effort can be recommended in many areas
examined by the study. Three major areas requiring further work
are listed below:

1) Additional effort is required to determine
the probability of existing disposal sites

m

being classified as open dumps and thus
needing upgrading. This will require
documentation of existing information
and then an intensive characterization
of all existing disposal sites.
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2) Further research is needed to correlate
the leachability of solid wastes with coal
quality, degree of coal pulverization,
type and operation of boiler, type and
operation of control equipment, and
disposal methodology. Results of this

9

research will allow the selection of a
disposal technology (prior to construction
of the power plant) which will insure no
adverse effects on the environment.

3) An aggressive program is needed to eliminate
the three areas of resistance to utility
waste utilization. First, technical limita-
tions in comparison to alternative materials
must be surmounted through research and
development. For example, in light of an
impending mineral crisis, basic research and
development should be funded to develop
extraction processes for minerals and trace

• elements from FGC by-products. Second,
institutional barriers related to a poor
industry or user industries must be removed.
Marketing of these by-products needs encourage-
ment, perhaps through financial credits of
some sort. Third, where potential environ-
mental concern exists, policy decisions based
upon the relative merits of a particular
application compared to the environmental
impact of landfilling or ponding must be
made.
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2.0 CHARACTERIZATION OF ELECTRIC UTILITY INDUSTRY

For the purposes of this study, the United States
electric utility industry was characterized in terms of two

items: fuels and economics. Of particular interest in the
fuels area is that fraction of power plants which burn coal,
either exclusively or in combination with other fuels. In terms
of economics, both the general state of the industry and the
regulatory climate under which it functions are of interest.
These topics will be discussed in the following subsections.

2.1 Fuels Characterization

Electric power i-s usually produced commercially through
the operation of AC generator, or alternator, which is driven by
a prime mover. Almost 70 percent of these prime movers are steam
turbines powered by boilers which consume fossil fuel (either
coal, oil, or gas). Figure 2-1 shows the relative importance of
all prime movers in 1976, 1981, and 1986, as reported by the
National Electric Reliability Council (NERC). i As can be seen,
coal is singularly the most important fuel, and it will probably
remain the most important through this period.

For this study, all utility-owned coal-fired power _

plants* existing in 1976 were inventoried. This inventory was.

based on 1974 FPC (now FERC) Form 67 data updated through 1976
by utilizing data in the 1977-1978 Electrical World Directory of
Electric Utilities.2 In some cases, data were verified through

*For this study, a coal-fired power plant is defined as a facility
consisting of one or more generating units, which burns coal alone
or in combination with other fuels and which produced electricity
for sale to the general public. Some boilers in the plant may
not be equipped to bum coal. A coal-fired unit, for this study,
is a unit equipped to bum coal, regardless of actual fuels con-
sumed.
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comparison with other reported data1

data. Results of this inventory are summarized for the 10 EPA
regions in the 48 contiguous United States. These regions are
as follows:

» 3 t 4.S and Radian proprietary

Region I - Maine, Vermont, New Hampshire, Rhode
Island, Massachusetts, Connecticut

- New York, New Jersey

- Pennsylvania, Delaware, West Virginia,
District of Columbia, Maryland, Virginia

- Kentucky, Tennessee, North Carolina,
South Carolina, Georgia, Alabama, Florida,
Mississippi

- Wisconsin, Michigan, Illinois, Indiana,
Ohio, Minnesota

- Texas, Arkansas, Louisiana, Oklahoma,
New Mexico

- Nebraska, Kansas, Iowa, Missouri

Region II
Region III

Region IV

Region V

Region VI

Region VII
Region VIII - Montana, North Dakota, South Dakota,

Wyoming, Colorado, Utah

- Arizona, California, Nevada

- Washington, Oregon, Idaho
Region IX
Region X

Table 2-1 shows the number of facilities with coal-fired units,
the electric megawatt (Mw) capacity of these facilities, the
amount of coal-fired capacity in Mw, and the average size in Mw
of a coal-fired unit for each region. Table 2-2 gives the actual
size distribution of coal-fired capacity for each region. For
the nation, there were 399 plants inventoried, with 65 percent

having coal-fired capacity less than 500 Mw. There were 57 plants
with coal-fired capacity from 1000 to 1999 Mw and there were 12
plants whose coal-fired capacity was in excess of 2000 Mw-.-- These

largest plants were in Region III (2 plants), Region IV (4 plants),

Region V (3 plants), and Regions VI, VII, IX (1 plant each).
Most of the coal-fired plants were in Regions V (151), IV (72),
III (60), and VII (49). These plants account for about 85 percent

of the coal-fired capacity in the nation and are located in the
Midwest and South (areas which have traditionally relied upon
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TABLE 2-1
INVENTORIED U.S. COAL-FIRED CAPACITY IN 1976

No. Plants with
Coal-Fired Units

Total Plant
Capacity
(MW)

Average Coal-Fired
Capacity Per Plant

(Mw)

Total Coal-
Fired CapacityEPA Region

3,441.
7,438.09

43.580.19
53,063.06
73,197.81
5,172.2

15.505.17
9.177.7
4.444.
1.329.8

3,295.89
6,333.96
39,474.80
50,153.7
68,832.58
5.172.2
14,264.76
9.171.2
4,351.
1.329.8

470.84
395.87
657.91
696.58
455.84

1,034.44
291.12
277.92
870.2

1,329.8

I 7
II 16

III 60
IV 72
V 151>

u> VI 5N>
I

VII 49
VIII 33

IX 5
X 1 i

U.S. Total
Inventoried
for 1976

399 216,349.02 202,379.89 507.22



TABLE 2-2
DISTRIBUTION OF INVENTORIED COAL-FIRED CAPACITY WITHIN ERA REGIONS

Number of Plants with Given Coal-Fired Capacity
<100 Mw 100-499 Mu 500-499 1066-1999 Mw >2000 Mw

No. Plants with
Coal-Fired Units

EPA
Reftion

02 3 l1I 7
4 1 02 916II

2156 30 7III 60
14 4169 29IV 72
2027 3151 46 55V

121 10VI 5
i

11018 0u> VII 49 19U3
I 011 6 115VIII 33

10 125 1IX
011 0 0 0X

1272101 157 57U.S. Total
Inventoried
for 1976

399



coal). Data by state for capacity and size distribution for
these plants , and all others inventoried are given in Appendices
A and B and all plants are itemized by EFA region and state in
Appendix C. Nationwide total coal-fired generating capacity as
inventoried was 202,380 Mw in 1976. This megawatt figure is 5.8
percent higher than the widely accepted NERC estimate1 of 191,336
MW in 1976, probably because (1) nameplate data used may be differ-
ent in some cases, (2) the Radian data may have included some
plants under construction in 1976, and (3) the Radian data did
not include some plants which, while equipped to bum coal,
burned little or none during 1976. Consequently, while some of
these Radian data may be subject to review and revision, it is
believed that this inventory provides reasonable data on size and
location of coal-fired plants existing in 1976.

Industry based projections of coal-fired capacity and
coal consumption in 1981 and 1986 have been made by NERC1 for the
contiguous NERC regions (shown in Figure 2-2).* These projections
are shown for capacity in Table 2-3 and consumption in Table 2-4.
As can be seen from these tables, the use of coal will vary widely
across the country, with NPCC (most of EPA Regions I and II)
utilizing the least amount and ECAR (including most of EPA Region
V and parts of Regions III and IV), the most. The fastest growing
coal-using regions, in terms of reliance on coal as a fuel, are
ERCOT (17.3 percent per year) and SPP (12.4 percent per year),
both of which are primarily in EPA Region VI. In some regions,
the relative importance of coal is seen to be decreasing, although
total nationwide installed coal capacity is forecasted by NERC
to be increasing at the rate of approximately 5.8 percent per
year between 1976 and 1981 and approximately 5.2 percent per year

between 1981 and 1986. Reliance on western coal is also seen to

*NERC estimates are not delineated by individual states,
reference can be made using the EPA regions in Section 2.1 to
obtain very rough estimates of coal capacity in each EPA region.

Cross-
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TABLE 2-3
NERC GENERATION PROJECTIONS, 1976-1986

19861976* 1981
% of Total
Capacity
for NERC
Rep,Ion

% of Total
Capacity
for NERC
Region

°A of Total
Capacity
for NERC

Region

Coal-Fired
Capacity

Coal-Fired
Capacity

(MM)
1

76,154
10,711
14,730
30,574
17,704'
4,035
58,585
15,954
24,736

Coal-Fired
Capacity
(MO
88,101
18,999
16,989
37, 297
21,422
5,337
74,574
30,384
32.978

NERC
Region (MO

79.0
23.5
29.8
58.2
62.8

81.7 73.8
34.1
27.1
56.4
60.8

1-ECAR
2-ERCOT
3-MAAC
4-MAIN
5-MARCA
6-NPCC
7-SERC
8-SPP
9-WSCC

62,620
2,360
14,057
26,014
9,964
3,737

51,936
5,084

15,564

6.9
33.7
66.1
49.3i

u>
8.47.67.6cr>

i
52.1
11.8
17.3

43.4
38.1
23.0

44.9
27.2
21.3

191,336 253,362 40.2 326,08138.7 40.9U.S.
TOTAL

*Actual capacity.
Source: Ref. 2.



TABLE 2-4
ANNUAL COAL REQUIREMENTS (MILLIONS OP TONS) FOR THE U.S.

UTILITY INDUSTRY AS ESTIMATED BY NERC

1976*NERC
Region Western Western Other

Lignite Coal Coal

1981 1986
Western Western Other Total
Lignite Coal Coal Coal

Total
Coal

Total
Coal

Western Western Other
Lignite - Coal Coal

135.5 20.90 6.7 0 12.2 157.5 169.7 0 198.2 219.11-ECAR 142.2
12. 58.0 18.22-ERCOT 46.0 0 76.2

41.6
88.1

0 0 12.0

32.9

30.3 15.7 0

0 38.6 41.6
57.2

3-MAAC
4-MAIN

0 32.9 0 38.6 0 00

0 38.5 74.0
52.1

57.3 0 21.7 52.2 30.9012.9
9.9 12.4 24.45-MARCA 6.1 15.8 30.6 5.7 24.7 39.5 5.8 70.0

13.8

i
LO-'-l 6-NPCC 0.80 7.0 7.8 1.4 8.7 10.1 0 1.8 12.00i

7-SERC 104.30 0 104.3 1.4 121.6

57.7
0 123.0 0 9.2 137.9 147.1

8-SPP 0 9.1 0 7.0 113.4
0 103.1

9.1 0 57.7 120.40 0

9-WSCC 0 39.9 0 39.9 78.1 0 78.10 0 103.1

21.9 87.8 324.3 434.0 218.8 384.3 649.3 89.8 336.9U.S.
TOTAL

452.746.2 879.4

. t

*Actual coal requirements *

Source: Ref. 3



increase at a rapid rate during this period, while total coal
consumption is expected to increase at a rate of about 8.4 per-
cent per year until 1981, when it will increase at a rate of
about 6.3 percent per year until 1986. Any effects of a revised
New Source Performance Standard for SO 2 on western coal develop-
ment were not estimated.

Thus it can be seen that the use of coal as- a boiler
fuel in the electric power industry will continue to be highly
important, especially in some regions. While overall nationwide
coal growth is expected, reliance will decrease in some regions,
although these decreases will probably be offset by rapid increases
in reliance in other regions, especially in the Southwest. Pres-
ently, about 400 plants, with a total capacity of about 200,000
Mw, utilize coal as a fuel. Most of these plants are in the
Midwest and South. Consequently, coal for use as a boiler fuel
is now and will probably continue to be of great importance to
the U.S. electric power industry.

2 . 2 Economic Characterization

The electric utility industry is different from most

other industries in the United States because it is one of the
most, if not the most, capital investment-intensive industry.
In the past, the ratio of investment to revenue for the electric
utility industry has been reported to be at least 15 times higher
than that for general business.® Total installed fixed plant

facilities (generating units, transmission lines, etc.) were
valued at between 150 and 180 billion dollars in 1976.7 This
capital investment intensity requires that the utility industry
utilize considerably more long-term financing (such as bond) than
does general industry. Consequently, the effects of inflation

*

*Only the railroads might have as much capital investment in fixed
physical plant.
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and uncertainty in the economy are considerably more important
than for general industry. Moreover, the industry is highly
regulated and cannot make investment decisions in the same
manner as general business. Therefore, the industry cannot be
fairly compared with and must be viewed apart from general busi-
ness. Over the last several years, the financial strength of
the industry has significantly declined with falling bond ratings
and stock selling for less than book value. While the financial
state of the industry has improved somewhat since the low point
in 1974, the general state is still only marginal, with reduced
investment at high interest rates, diminished buyer interest, and
extremely high sensitivity to inflation and uncertainty in both
the economy and the regulatory process.

Four types of electric utilities exist in the United
States today: (1) the investor-owned utility company, (2) the
municipal or state-owned utility or public power district (PPD),
(3) the rural electric cooperative (co-op) and (4) the Federal
agency. Table 2-5 illustrates the market shares of each of the
nation's customers and operating 95.6 percent of the nation's
generating capacity.8 As can be seen, investor-owned utilities
account for 78.3 percent of nationwide installed capacity and
serve 77.6 percent of the customers. Municipal and state agencies
and PPD's constitute the next largest market share. Each'individual
utility (company, agency, or co-op) is franchised to operate-as a
monopoly within a certain specified geographical area, and the
rates which it may charge its customers are regulated by govern-
ment at some level. Consequently, the economic structure of the
electric utility industry is very unique. In this section, the
economic status of the industry will be discussed.
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TABLE 2-5
RELATIVE MARKET SHARES OF ELECTRIC UTILITY

TYPES IN THE UNITED STATES FOR 1977

Percent of
Installed
Capacity

Percent of
Customers

ServedType

Investor-Owned
Muni, State, and PPD's
Co-op's
Federal Agencies

78.3 77.6
• 10.2 12.4

10.01.8
9.7 0.0

U.S. Total 100.0 100.0

Ref 8, p., 75.Source:
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2.2.1 Capital Expenditures

As previously mentioned, the fixed plant requirements
of the electric utility industry are enormously high relative to

those experienced by general business. For example, prior to 1973,
a fossil-fueled single or twin unit 250-1300 Mw power plant costs

about $150 per kilowatt installed capacity. In 1977, the cost
had tripled to about $450 per kilowatt, and it is estimated to be
about $800 per kilowatt in 1985, although some costs in this
latter range have already been reported.5 This capital cost

escalation from 1973 to 1977 was roughly four times the annual
rate of inflation (in percent per year) for the same period.10
As a further example of the high capital costs faced by the
industry, a 345 KV* double circuit transmission line generally
costs about $165,000 per mile and up, depending on terrain, right-
of-way costs, labor costs, etc.11

Capital expenditures for 1977 and 1978 are shown in
Table 2-6 according to geographical region. These regions are
given by state as follows:

New England - Maine, Vermont, New Hampshire, Rhode
Island, Massachusetts, Connecticut

Middle Atlantic - New York, New Jersey, Pennsylvania
South Atlantic - West Virginia, Virginia, Maryland,

Delaware, District of Columbia, North
Carolina, South Carolina, Georgia,
Florida

East South Central - Kentucky, Tennessee, Mississippi,
Alabama

*

West South Central - Arkansas, Louisiana, Oklahoma,
Texas

East North Central - Wisconsin, Michigan, Illinois,
Indiana, Ohio

*345 KV is a median transmission voltage. In general, trans-
mission voltages presently range from 138 KV to 765 KV in the
United States, with higher voltage lines presently under develop-
ment.
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TABLE 2-6
ELECTRIC UTILITY CAPITAL EXPENDITURES - 1977 AND 1978

1978
Total Budgeted
Maintenance Costs
Millions o£ Dollars

1977
Total Maintenance Costs
Millions of Dollars

Percent Grpwth

In Maintenance
Costs

Geographic Region

766.6 (97.4%)

3.106.2 (91.8%)
5.515.7 (92.3%)
3,071.9 (42.9%)

3.905.3 (84.6%)
2.466.7 (32.9%)
3,376.0 (75.1%)
1,821.1 (64.8%)
3.592.4 (53.5%)

963.0 (96.0%)
3,318.0 (98.7%)
6,406.0(89.4%)
4,052.9 (46.0%)
4,613.4 (86.9%)
2.670.1 (28.1%)
3,939.0(72.8%)
2.183.1 (67.4%)
4.542.2 (60.8%)

+25.6
+ 6.8
+16.1
+31.9
+18,1
+ 8.2
+16.7
+19.9
+26.4

Hew England

Middle Atlantic

East North Central

West North Central
South Atlantic

East South Central
i

West South CentralN>
I

Mountain

Pacific

27,621.8 (71.5%) 32,687.6 (71.0%)U.S. Total +18.3

Ref (6), pp. 82-82
^Percent of spending in investor-owned sector in parentheses.
Source;



West North Central - North Dakota, South Dakota, Kansas,
Nebraska, Minnesota, Iowa, Missouri

Mountain - Montana, Idaho, Wyoming, Nevada, Utah, New
Mexico, Colorado, Arizona

Pacific - Washington, Oregon, California

The breakdown of capital expenditures according to the type of
utility (e.g., investor owned, co-op, municipalities, etc.) is
delineated in Appendix D. As. can be seen in Table 2-6, capital
spending was about 60 billion dollars in 1977 and 1978, with
about 71 percent of the spending in the investor-owned sector.
During this two-year period, capital spending requirements were
growing for almost all types in almost all regions, with a new
national growth rate of 18.3 percent per year, or about three
times the rate of inflation as measured by the GNP deflator.
Consequently, Table 2-6 illustrates the large capital expendi-
tures are primarily financed through borrowed money. Investor-
owned utilities generally borrow money through the sales of
securities, such as common and preferred stock, bonds, etc.
Figure 2-3 shows these sales, as well as capital expenditures,
for the years 1967 through’ 1977. It may be seen that total
securities sales for investor-owned companies are increasing at an
average rate of about 12 percent per year, with stock sales pre-
sently about equal to bond sales. However, stock sales are
increasing at a rate slightly less than total sales, while public
bond sales are increasing at a rate of only about 8 percent per
year. Capital expenditures, on the other hand, are increasing at

about 18 percent per year. Other types of electric utilities
usually finance their capital expenditures through the sale of bonds.

1 2

Because of the importance of bonds in capital formation,
the interest rate paid is a good measure of industry strength -
the stronger the company, the lower the interest rate. This
strength is measured by the bond rating of the company and/or
its fixed charge-coverage ratio. The bond rating, which influences
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the interest rate paid, reflects marketplace conditions and
historical payback records and is reported by Standard & Poor's
(S&P) and Moody's. Prior to the early 1970's, utility bonds were
considered extremely safe investments; most had AA or AAA S&P
ratings, reflecting about the lowest interest rates existing for
utility bonds.13
dro.pped slightly (namely several issues of Consolidated Edison and.
Public Service Gas and Electric of Newark, New Jersey). However,
the fuel crisis of 1973-1974 caused a drastic change in the utility
bond market, and culminated in 1974 with Con Ed's first skipping
of a quarterly dividend since 1885.14 This financial crisis, il-
lustrated by the Con Ed case, became widespread in the industry.
Utility bond ratings began to fall until, in 1978, Texas Utilities,
Inc., was the sole remaining investor-owned utility with an AAA
bond rating.

By the early 1970's, some bond ratings had

1 3

This reduction in the ability to raise capital is also
evident in the fixed charge-coverage ratio for bonds. The pre-tax
fixed charge-coverage ratio is defined as

pre-tax income
capital charges

The pre-tax FCCR represents the ability to pay back borrowed funds.
Generally an AAA bond rating corresponds to a pre-tax FCCR of 4
(i.e., the company can pay back the interest on its investments 4
times) and an A bond rating corresponds roughly to an FCCR of about
3. If the pre-tax FCCR is below 2.3, the utility reaches a limita-
tion preventing it from selling additional bonds,
average pre-tax FCCR's for investor-owned utilities for 1969 to

1977 are shown in Figure 2-4. As can be seen, the average FCCR
dipped close to 2.3 in 1974 from a high of 3.64 in 1969. The
FCCR for Con Ed actually dipped below this tolerance level.
While the nationwide FCCR's have been increasing, the financial
status of the industry is still nowhere near that prior to the
1970's in terms of bond ratings.

FCCR -

I t The natiomd.de

1 4
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As for common stock, the same trends are evident in the
The price-book ratio is defined as

s
(current selling price of common stock)

* (book value of common stock)

The book value of the stock is derived from common equity and is

defined1 * as

1 4price-book ratio.

PBR

r.}

(total capital investment in plant)-(accumulated
depreciation)BV - (number of shares issued)

A priee-book ratio greater than 1.00 is required to raise new
capital. By 1974, PBR's in the Northeast had declined to 0.55;
Con Ed's PBR was 0.20, the lowest in the nation. The national
average PBR was 0.76. The highest PBR (Southwestern Public
Service) was 1.40. Table 2-7 shows the PBR's for investor-owned
utilities during this period. As can be seen, all the utilities
except those in Texas, Oklahoma, and parts of Arkansas, Louisiana,
Montana, Wyoming, Oregon, and Washington had PBR's less than 1.00.
Those utilities in the Midwest, East, and South, and in southern
California and Nevada had the lowest PBR's. While PBR's, like
bond ratings, have improved somewhat since this time (up to a
nationwide average of 1.01 at the end of 1977)8, the average PBR
was 0.98 for 36 new issues of common stock in the first half of
1978,
0.89.

i s and 15 percent of the issues had PBR's between 0.82% and

Although utility stocks have fared well recently when
compared to the S&P 500 industrials, 15 it is evident that the
industry is still not as strong financially, from a capital stand-
point, as it has been in the past, and that it will be faced
with rising capital costs in the future. Furthermore, the
ability to raise capital is closely connected to the inflation
rate. Standard and Poors reports that inflation was the most
important financial factor in the period 1965-1974, causing signi-
ficant increases in interest rates and financing requirements.7

While inflation rates of 4 percent per year are desirable and
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TABLE 2-7
PRICE-BOOK RATIOS (PBR'S) FOR

INVESTOR-OWNED UTHITIES IN JUNE, 1974

PBR(> 1.00 13 acceptable^•Geographic Region

New England
Maine
Remainder

0.60-0.69
<0.60

Middle Atlantic
Pennsylvania
Remainder

0.80-0.99
<0.60

South Atlantic
West Virginia
Virginia
Delaware
Parts of Florida
Remainder

0.70-0.79
<0.60
0.80-0.99
0.70-0.99
0.60-0.69

East South Central
Parts, of Kentucky
Remainder

0.80-0.99
0.70-0.79

West South Central
Parts of Arkansas
Parts of Arkansas and Louisiana
Remainder including parts of Arkansas
and Louisiana

0.70-0.79
0.80-0.99
>1.00

East North Central
Michigan
Missouri, Parts of Iowa and Kansas
Parts of Kansas and Iowa
Remainder including part of Iowa

<0.60
0.70-0.79
0.60-0.69
0.80-0.99

Mountain
Parts of Wyoming and Montana
New Mexico and part of Arizona
Nevada
Remainder

>1.00
0.60-0.69
<0.60
0.70-0.79

Pacific
Parts of California and Washington
Parts of California and Oregon
Parts of California
Parts of California, Oregon and Washington -
Parts of Washington and Oregon

<0.60
0.60-0.69
0.70-0.79
0.80-0.99
>1.00

Ref. 14, p. 41Source:
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TABLE 2-8
DISTRIBUTION OF OPERATING EXPENSES (PERCENT)

19731977* 1976 1975 1974
26,175 23,293 19,542 13,51231,410Total Operating Expenses

(millions of dollars)

Constituent Percentages:

63.7%
11.1
24.2

62.17. 62.17.
10.8

60.87. 49.57.Fuel
Maintenance
Other

11.1 11.5 14.5
26.8 27.727.1 36.0

^Estimated by Edison Electric Institute

.Ref (8), pp. 100-101.Source:
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races of 5 to 6 percent per year are tolerable given present
regulatory trends, inflation rates exceeding 10 percent per year
(i.e "dougle-digit inflation") could jeopardize dividend rates,
further restrict common stock pricing, and would require signifi-
ficantly higher equity returns obtainable only through additional
rate increases. In short, the industry is not out of economic
trouble yet and may face more problems.

• >

2.2.2 Operating and Maintenance Expenditures

Other major utility expenditures are in the operations
area. Table 2-8 shows the distribution of operating expenses
for the years 1973 through 1977. It may be seen that fuel cost
is the largest constituent of these expenses, rising from 49.5
percent in 1973 to 64.7 percent in 1977, with- an abrupt jump in
1974 at the time of the fuel crisis. Fuel cost constituent
growth is about 2 percent per year as a fraction of total operat-
ing costs. Fuel costs presently account for about 37 percent of
before-taxes expenditures, or about $20.3 billion in 1977, 8 and
these costs are expected to increase in the future.

Maintenance costs, accounting for about 11 percent of
total operating expenses, are detailed for 1977 and 1978 in
Table 2-9. Over these 2 years, about $10 billion has been spent

on maintenance of physical plant. Growth in maintenance charges
escalated about 10.5 percent over the period 1977-1978. The vast
majority of these costs (almost 80 percent nationwide) were borne
by the investor-owned segment.

Income and General Economic Impacts of the Utility2.2.3
Sector

Table 2-10 shows investor-owned electric utility income
for 1973 through 1977. As can be seen, while total income is
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TABLE 2-9
ELECTRIC UTILITY MAINTENANCE COSTS - 1977 AND 1978

1978
Total Budgeted
Maintenance Costa
Millions :of Dollars

Percent Growth
In Maintenance
Costs

1977
Total Maintenance Costs
Millions of DollarsGeographic Region

213.6 (90.IX)
1,044.6 (99.4%)
1,020.1(91.4%)

388.7 (68.0%)

785.7 (88.7*)
429.6 (34.4%)

355.2 (74.4%)
224.9 (68.0%)
583.6 (51.8%)

+ 6.8%
+ 8.5
+10.8

+ 8.7
+13.6
+17.6
+ 5.8
+13.7
+ 8.9

200.0 (87.9%)
963.2 (99.4%)

920.7 (90.1%)
357.7 (66.7%)

691.5 (89.9%)
365.4 (34.1%)

335.6 (70.6%)

197.9 (66.6%)

535.7 (53.8%)

New England

Middle Atlantic
1

East North Central

West North Central

South Atlantic

East South Central

West South Central
i

Ul MountainM
i

Pacific

5,046.0 (79.1%) +10.54,567.7 (79.0%)U.S. Total

Ref (8), p. 97.
^Percent borne by investor-owned companies in parentheses.
Source:



TABLE 2-10
INVESTOR-OWNED UTILITY INCOME(MILLIONS OF DOLLARS)

1974 19731976 19751977*
Total Electric Revenue

Other Income

Extraordinary Income

47,080
3,105

41,855

2,666
34,970
3,515

27,526

1,982
55,175
2,800

0 00 0 19

Total Income 44,540 38,485 29,50857,975 50,185

13,512
3,012

4,553
3,642

31,410
4,700
8,520
5,320

23,293
3,814
6,212
5,184

19,542
3,360
4,898
4,615

Operating Expenses

Depreciation

Taxes
Capital Charges

Extraordinary Expenses

26,175
4,240
7,221
5,566

i
Ul
M
I

76 6270

Dividends
Retained Earnings

Dividends - percent of total
Income

Retained Earnings - percent
of total income

3,818
1,328
9.9%

3,424
I,427
II.6%

5,118
1,872
10.2%

4,415
1,587

5,810

2.215
9.9%10%

4% 4% 3.8% 3.8% 5.2%

*Estimated by Edison Electric Institute.
Source: Ref (8), p. 100.



rising, the percent paid out in dividends or retained as earnings
has decreased from about 16 percent to about 14 percent. This
factor indicates that capital is more difficult to raise than in
1973, although the situation is seen to have improved slightly
since 1974. The table also indicates that, while electric revenue
is increasing at a rate of about 15 percent per year, operating
costs are increasing at about 18 percent per year. These data
further indicate that the industry is not as well off financially
as in the past and may face more problems in the future.

NERC has estimated that 20 percent of the generation
needed by 1986 is not yet under construction and is subject to
potential unintentional delay.1 One of the reasons cited is the
uncertain financial climate, which affects the utility segment

more than general business because of high long-term capital
investment requirements. This uncertain climate consequently has
secondary effects on a number of other industries including equip-
ment suppliers and large consumers due to uncertainty in con-
struction,17 and can thus have significant effects on the national
economy.

2.3 Regulatory Characterization

As previously mentioned, the electric utility industry
is a regulated industry, both economically and otherwise,

ever, the total regulatory process eventually effects the
industry's economic state, since all costs must be either passed
through or absorbed.

How-

Future revenue requirements for U.S. electric utilities
have been estimated.19 These requirements are shown in Figure
2-5 and are reflected in the consumer's rate base. This rate

3?
The rate base is schedule of charges for electric service
(usually in cents per KWH) which are reflected in the consumer's
electric bill.
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base should provide a return on common equity sufficient to
attract investors; the allowed rate is usually about 12 percent.
However, return on common equity was reported to have been 10.6
percent in 1974, 11.5 percent in 1976, and 11.8 percent in 1977
on a nationwide basis,8 less than the rate normally allowed.
Furthermore, lately some utilities have been required to pass

. through savings obtained through capital spending to increase
efficiency rather than being allowed to earn a return in that
investment.

I

Capital expenditures inevitably will affect rate bases,
since interest and dividends must be paid to finance capital con-
struction. Operating costs also affect rate bases as witnessed
by the recent rate escalations due to rising fuel costs. Gen-
erally rate regulation agencies or commissions require some form
of justification for new expenditures (either capital or operating)
prior to inclusion in a rate base, and regulators may order utili-
ties to take steps to reduce costs or to pass savings through to

consumers.

The rate-setting procedure generally includes an
evaluation of the company's general financial condition, operating
costs, present capital investment (i.e., value of equipment in
service) and, in some cases, the cost of construction work in
progress (CWIP).19 Proposed project costs are never allowed for
inclusion in a rate base. In general, a certain percentage of
the costs for CWIP may be allowed to be included in a rate base
depending on the financial condition of the company. . However,
some states do not allow any inclusion of CWIP costs in rate bases;
they require that equipment be installed and operating or that
capital plant be built and in service before any returns on equity
are allowed. This latter practice requires that the utility
finance capital expenditures through the money market prior to
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construction rather than through rate increases, effectively
reducing actual return on equity during the construction period.
Any costs incurred in either this or any other fashion are
usually made up eventually through rate increases.

As was previously mentioned, electric rate?, must allow
a return on equity sufficient to attract investors;, otherwise,
spiraling rate increases and reduced financial integrity are the
results. In 1977, 88 investor-owned electric utility companies
received rate increases amounting to $2.6 billion, and 12 compan-
ies in 10 states were ordered to cut rates by about $157 million.
This compares to 1976, when 83 companies were granted increases
of $2.4 million. The ratios of amounts received to amounts
requested were 52 percent in 1976 and 53.8 percent in 1977.
After rates are set, if the utility or consumers believe that the
regulatory action was unjust, legal avenues are generally avail-
able for appeal.

In terms of plant design and construction itself, most

regulatory agencies require that permits be granted by appropriate
agencies before a plant may be built. In some cases, this process
can require up to 50 permits from numerous agencies, with many
permits requiring public- hearings, legal findings, and extensive
studies.20 This permitting procedure affects the timing and cost

of plant construction, especially if mistakes in studies, bad
scheduling, or failure to meet agency needs occur. Careful plan-
ning and preliminary work with key agencies can serve to reduce
the potential for difficulties in the licensing procedure, thus
reducing overall plant cost and hastening completion. For a
typical coal-fired power plant, the licensing procedure requires
from 45 to 48 months in states with siting regulations and 39 to

45 months in states with no siting regulations. Site selection
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generally requires an additional 12 months prior to licensing for
both of the above cases. After licensing, construction requires
about 42 months. For units added at existing sites, site selec-
tion updating requires from 6 to 12 months and licensing requires
from 33 to 44% months.20

2.4 St arynun

Coal-fired plants in the United States were inventoried
for the year, 1976. There were 399 plants with coal-fired capa-
city of 202,380 Mw, about 5.8 percent higher than widely accepted,
industry-based NERC estimates. This discrepancy is probably due
to differences in data and in definitions. Of these 399 plants,
most are in EPA Regions III, IV, V, and VII, although significant
future growth is anticipated to Region VI and other parts of the
West. Total coal-fired generation in 1986 has been estimated to

be 326,081 Mw, and constitutes 40.9 percent of total capacity.

In terms of economics, the electric utility industry
operates as a regulated monopoly, with designated service areas.
The industry is probably the most capital investment-intensive
in the nation, and it has experienced difficulty in raising funds
during recent years with decreasing bond ratings and price-book
ratios less than 1.0 (stock selling at prices below book value).
Utility regulation affects rates, plant construction, and the
general economic health of the industry. Typical plant licensing
times range from 33 to 49 months for coal-fired power plants, and
rate bases approved between 1974 and 1977 have reflected returns
on common equity ranging from 10.6 to 11.8 percent, below the 12
percent rate usually considered to be reasonable by industry and
most regulators. Because of the long-term capital investment
requirements of the industry, its general economic state is more
sensitive to inflation and uncertainty than is that for general
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business. The uncertain regulatory climate also places the
. industry in a less sound position than unregulated general
industry. Reduced investor confidence has caused higher interest
rates, lower bond ratings, and most common stock sales at prices
below book value. Consequently, the economic state of the -

_ industry is not as healthy as in the past. While the economic
situation has improved somewhat since 1974, it appears chat the
recent financial problems faced by the industry are not over yet.
Furthermore) current capital costs for coal-fired plants reflected
in these present rate bases range from $450 to $800 per installed
kilowatt capacity, and are rising rapidly, thus causing further
-uncertainty and making capital requirements even more important.
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CHARACTERISTICS OF SOLID WASTES3.0 .

With the trend towards increased utilization of the
vast coal reserves across the United States, more and more atten-
tion is being focused on the chemical and physical characteriza-
tion of residual by-products of coal combustion. Coal-fired power
plants, produce voluminous quantities of fly ash, bottom ash, and-
scrubber sludge each day. Full characterization of these flue gas
cleaning (FGC) by-products is required if potential hazards asso-
ciated with waste emission into the natural and populated environ-
ments are to be understood.

This section presents the state of the technology regard-
ing raw wastes generated from a coal-fired power plant. The types
and quantities of the principal FGC by-products will be presented
for a number of typical scenarios using a "model" 1000 Mw coal-
fired power plant in order to place the disposal problem in per-
spective. The source of combustion products, the coal, will be
characterized so that the correlations between source and product
can be discussed. A comprehensive description of the chemical,
physical, engineering and leaching properties of FGC wastes--fly
ash, bottom ash, and scrubber sludge--will be presented. Distin-
guishing characteristics of coals and their combustion products
as they relate to their places or origin (i.e., eastern vs. western
U.S. coal fields) will be emphasized.

3.1 Types and Quantities of FGC By-Products

There are a number of small waste streams or materials
associated with any steam-electric generating plant. However, with
coal-fired power stations there are three major by-products of
coal combustion and flue gas cleaning: fly ash, bottom ash, and
scrubber sludge. The relationship of these waste streams with a
typical coal-fired generating station is depicted by Figure 3-1.
Input materials are also identified.
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The three coal combustion products--fly ash, bottom ash,
and scrubber sludge—pose a major solid waste disposal problem if
for no other reason than the large quantity produced by a single
generating plant. For perspective, the quantities of fly ash,
bottom ash, and scrubber sludge produced by a "model" 1000 Ifo
coal-fired generating station have been calculated for a number
of scenarios. Factors affecting waste quantities which have been
considered are coal quality, scrubber type and operation, and both
current.(1978) and future emission standards (as proposed in Fed-
eral Register, September 19, 1978)21 for S02 and particulates. A
summary of the assumptions for the various scenarios follows.

TABLE 3-1. BASIC ASSUMPTIONS IN BY-PRODUCT SCENARIOS

Western
Sub-bituminous

Eastern
Bituminous

1000 Mw 1000 MVRated Electrical Capacity

Thermal Efficiency

Stream Factor
Heating Value

Ash Content (as burned)

Sulfur Content
Fraction of Sulfur Emitted as SO2
Fly Ash:Bottom Ash Ratio

35% 35Z
80% 80%

9000 Btu/lb 11,000 Btu/lb
8% 15%
0.8% 3%
0.95%
80:20

0.95%
80:20

Eight scenarios have been selected to .illustrate the
effects of pertinent variables on the production quantities of fly
ash, bottom ash, and scrubber sludge as they leave the collection

The design basis for these scenarios is summarized in
The eight scenarios are shown in Figures 3-2 through

Production rates of the fly ash, bottom ash, and scrubber
sludge are summarized in Table 3-3.

system.
Table 3-2.
3-9.
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TABLE 3-2. DESIGN BASIS OF EIGHT SCENARIOS FOR WASTE QUANTITIES

RegulationsScrubber ParametersCoal Characteristics
Ash2 Sulfur

Btu/lb (%)

11,000 15

Oxidation
Sorbent 3 Stoichiometry1*Scenario Type1 O)(%) Fly Ash S02

1.2 lb S02/106 Btu
Allowable5

99% removal3.0 1.1 151 E L

•I003.0 1.5 1511,000
11,000
11,000
9,000
9,000
9,000

9,000

15 L.S2 E
85% removal6003.0 1.1 15153 LE

08 <13.0 1.1 1004 15 L.SE

1.2 lb S02/106 Btu5000.8 1.1 1585 LW
011.5 008 0.86 15L.SW

85% removal60.8 008 1.1 157 W L
00 IIl o l8 0.8 1008 L.SW

1
c\ 1W = Western subbltuminous; E « Eastern bituminous

2Resldue after combustion in boiler
3 L = Lime; L.S. = Limestone
‘‘Molar ratio of lime or limestone (calcium) to mole of SO2 removal
5Current 1978 New Source Performance Standards
6Proposed New Source Performance Standards (1978)
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TABLE 3-3. BY-PRODUCT PRODUCTION RATES FOR EIGHT SCENARIOS1

.I i I T T K 4 a • A- 9~ M -*r ft **« i.a *s. :-A-T jet—:agay »=*-=*u-urJI -w.
Scrubber Sludge
dry lbs/IQ* Btu
(netrlc tona/lir £

35% solids)

Stack R»lanionsPly Asti
Ihs/JO* Dtu
(dry Metric

tone/hr)

Botton Ash
lbs/10* Btu

(metric tona/lir £
75% aolida)

lbs
Particulates/
10* Btu

)ba S03/
10* Btu

Coni
Type Oxidation UtilizationScenario Regulations

1 .26.8 .0868.6 2.2I HighE IAIW Current
(13) (86)(38)

1.28.6 .0862.28.62 LowE Low Current
(13) (110)(38)

.086 0.412.2 8 .18.6HighJ LowK Future
(103)(38) (13)

i
0.41.086 .10.98.6 2.24 High HighE Future

(13) (128)(38)
I

.056 1.20.35
(4.5)

1.45.65 HighW Low Current
(8.4)(25)

0.45 .056 1.25.6 1.46 Low. W l.ow Current
(5.7)(8.4)(25)

0.2.0562.61.45.6High7 W l.ow Future
(8.4) (34)(25)

0.2.0563.31.45.6High High Future8 U
(42)(8.4)(25)



Dry collection of the fly ash is assumed either by
electrostatic precipitation or baghouses. A wet bottom boiler
is assumed for the collection of bottom ash. Data presented in
Table 3-3 indicate that over 90% of fly ash is collected dry
and over 80% of bottom ash is collected wet. S02 is typically

- removed in a wet limestone or lime scrubber, precipitated as cal-r.'

cium sulfite or sulfate salts, and then thickened with a. clari-
fier to 35% solids. Simultaneous collection of fly ash in a wet
scrubber has not been depicted but can easily be calculated by
taking the production rate in dry tons and dividing it by .35
(35% solids) and then adding it to the production rate of wet
S02 scrubber sludge.

Current federal New Source Performance Standards22

(NSPS, 1978) require at least 99% reduction in particulate load-
ing and a maximum allowable S02 emission of 1.2 lbs of S02 per
10s Btu. Proposed regulations require an 85% reduction in the
flue gas S02 concentration.21 Future regulations for reducing
particulate emissions have not been considered as they will not

significantly impact waste quantities of ash.

Lime and limestone wet S02 scrubbers have been con-
sidered because they represent the principal technologies being
used by industry to control S02 emission. A purity of 98% has
been selected for the lime and limestone.

For limestone as the sorbing reagent, a stoichiometric
ratio of 1.5 moles of limestone to 1.0 mole of S02 sorbed has
been chosen as representative of current technology with 1.0
stoichiometry for future reference when improvements in scrubbing
technology allow a reduction in the excess of sorbent. A stoichio-
metric ratio of 1:1 has been assumed for. lime as currently feas-
ible in 1978. The effect of 15% oxidation has been estimated for
both current and future performance standards (proposed in September
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19, 1978 Federal Register).Z 1 Forced oxidation has been proposed
as a trend in future scrubber operation..

The following conclusions have been drawn from an exam-
ination of the eight scenarios (Figures - 3-2 through 3-9) which
depicted the effects of coal type, scrubber type and operation,
and NSPS regulations.

The firing of eastern coal in a 1000 Mw
generating station results in significantly
larger quantities of both ash and scrubber
sludge.
Under current regulations (1978) for maximum
permissible emissions, eastern coal results
in 2000% more scrubber sludge and 50% more
ash than western coal.
Future regulation (proposed in September 19,
1978 Federal Register) will not significantly
affect ash production rates from either eastern
or western coal or with the scrubber sludge
generated by the firing of eastern coal.
Asstuning a required 85% removel in future S02
emission regulations (proposed in September
19, 1978 Federal Register), seven times as
much scrubber sludge will be produced by a
1000 Mw western coal-fired power plant than
under current regulations of 1.2 lb S02/106
Btu. An 85% S02 removal regulation will not
significantly increase the scrubber sludge
rates produced from a unit firing eastern
coal.
Forced oxidation will increase the mass of
scrubber sludge by 20-30%.
can be offset to some degree by improved
dewatering and settling properties.
Stoichiometries of 1.5 for either lime or
limestone will result in approximately 20-30%
higher scrubber sludge masses than with 1.1
stoichiometries.

This increase
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3.2 Characterization of Coal

Coal is classified into "grades" on the basis of its
fixed carbon, percent volatility and heat content, and its agglom=

the caloric con°2 3erating characteristics (ASTM Part 26, 1977).
tentr i.e., its value as a fuel (Btu/lb), is a good general indi-
cation of its classification. Coal grades range in descending.

%

value of Btu content from bituminous to subbituminous to lignite,
with certain categorial variations within.

Coal grade variability is highly correlative with the
geographic location and geologic structure of a coal basin. These
factors, together with the nature of the coalification process and
timely environmental conditions, are what contribute to the chem°
ical and physical properties of any given coal type. Such pro-
perties include:

• heat content (Btu value),
• moisture content,

• ash content,

• sulfur content,

• distribution of major and minor constituents, and

• trace element concentrations.

During the combustion of a coal, the combustion waste
products are fractionated into three separate parts:

fly ash - the ash fraction entrained with the
flue gas,
bottom ash - collected wet or dry at furnace
bottom, and
volatiles - either scrubbed or emitted to the
atmosphere.
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The chemical and physical properties of these different
combination products and their proportionate ratios vary with re-
spect to the coal type being fired. For example, eastern coals
are characteristically higher in sulfur content as compared to

western coals. This feature of a higher percent sulfur is parti-
cularly noteworthy because of the higher sulfur.dioxide content

^|in the flue gas emissions following combustion of an eastern

coal. The characteristic differences in the waste products re-
suiting from burning eastern vs. western coal will be discussed
in the following sections.

The inorganic constituents of the coal are comprised
of minerals derived from the surrounding lithology and incorporated
into the coal seam. These inorganic constituents can be divided
into three classes based on concentration expressed in the oxide
form:

• Major - >5%,
• Minor - .1% 5%, and

• Trace - <.1%.

The major elements found in the inorganic phase of all
coals include silicon, aluminum, and iron. Calcium and, in some
cases, sodium and magnesium occur in western coals as major inor-
ganic constituents. Compounds of these major elements typically
account for 90% of the total ash content. The concentration and
distribution of these major species will have a major effect on
the reactivity of the fly ash and, to some extent, on the distri-
bution of coal sulfur between the flue gas and ash.

Minor inorganic constituents found in all coals include
potassium, titanium, phosphorous, magnesium, sodium, and, in some
cases, barium, strontium, manganese, and boron,
concentrations, <.1% content, are highly variable among the dif-
ferent coal types.

Trace element
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3.3 Chemical Properties of FGC By-Products

Three types of chemical properties will be discussed.-

Major elements form the chemical compounds which are responsible
for the chemical, physical, structural, and leaching properties of
the flue gas cleaning (FGC) products--fly ash, bottom ash and
scrubber sludge. Trace element concentrations are of environmen-
tal concern with respect to leaching and possible ground water
or surface water contamination. Alkalinity and calcium content
are of particular importance in the differentiation of western
and eastern coal fly ash and its effect on the stabilization of
scrubber sludge.

3.3.1 Chemical Characterization of Ash

The elements forming the major and minor chemical con-
stituents of fly ash are summarized in Table 3-4 according to
coal rank. Analyses of ashes have shown that the. fly ash and
bottom ash fractions contain a similar distribution of most of
the major elements. The iron content has been reported to be
noticeably higher in bottom ashes than in its respective fly ash.
The sulfate (S03) levels were reported to be lower in bottom ash;
calcium concentrations were very similar although the leachable
calcium levels were higher with fly ash. This is in part due to
the fused condition of the bottom ash particles.

The crystalline materials most often identified in fly
ash by X-ray diffraction include silica (a-quartz), S-calcium
sulfate (anhydrite), iron oxides (hematite, a-Fe203, and magne-
tite), and aluminum silicate (mullite). Sometimes calcium
oxide (lime) and/or magnesium oxide (periclase) are present.

There can be major differences between the fly ash and
the bottom ash in the quantities of certain trace elements they
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CHEMICAL COMPOSITION OF FLY ASHES ACCORDING
TO COAL RANK - MAJOR AND MINOR SPECIES
(WEIGHT PERCENT)

TABLE 3-4.
!

i
!

i

i

hieutera SuV"fcTtu«T«iou7 iWestern UftnlteEastern litualnous !

Total No. of
Observations

Total Ho. of
Median Observations

Total No. of
ModIso Observations :MedianCheatcal Species

Sodluo Oxide. HujO

Putassiua Oxide. KjO

Hugnctiliis Oxide. MgO

Calclua Oxide, CaO

Silicon Dioxide, SiO*
A1uninun Oxide. AlaO)

Iron Oxide, FejO)

TitanIun Dioxide, TlOa
l’liiiu()|mrouii Pentoxide, P,Q,
Sulfur Trioxlde, SO*

KamaRange Range

0.15-2.14
0.50-1.80
1.10-5.90
1.80-30.40
31.00-64.80
18.10-37.00
3.07-21.50
0.68-1.6b

0.19-0.70
0.10-5.23

0.05-2.04
0.92-4.00

21 1.04 8 0.60-8.10
0.20-1.02
3.3-12.75
11.7-35.44
2.20-46.1
10.7-25.3
2.9-14.15
0.52-1.60

<0.02-0.76
0.32-7.20

3.45
0.50
6.79

22.29
30.69
15.48

0.53 8

820 0.99
2.96

13.81
49.69
23.04

2.53 6
120.50-5.50

0.26-13.15
36.00-57.00
16.25-30.10
3.88-35.40
1.00-2.50

<0.02-0.42
0.09-3.30

1.24 23 10
122.88 21 10

22 9 848.76
1222 1023.26

16.44 6.48
1.09
0.38
1.66

1223 8.87
0.74

10
19 111.45 8I

62.73 16 0.25 5
17 120.78 3.14 8I

24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36.Sources:



contain. For example, selenium concentration is generally an
order o£ magnitude higher in fly ash than in bottom ash. Arsenic,
boron, and fluorine are more concentrated in the fly ash than the
bottom ash by a factor of two or more due to the volatility of
these elements.

In recent years, several independent studies* V * 5

have been made investigating the trace element composition of
coal and its combustion products. Although the studies included
sampling of systems varying drastically in size_-and design, the
systems analyzed are generally consistent regarding trace ele-
ments, some of which are hazardous at high concentrations.
Certain of these trace elements are preferentially concentrated
in or on the fine fly ash particulates.2*

sulfur
zinc
antimony

selenium
copper
molybdenum
gallium

arsenic
csdoi.uni
lead
beryllium

Other elements which tend to be emitted to the
atmosphere as vapors are:

bromine
sulfur

mercury
chlorine

All other elements tend to be concentrated in approximately equal
proportions in the fly ash and bottom ash residues.

The loss of weight on ignition is often taken to be a
measure of unburned carbon in the fly ash. A higher loss occurs
in the fine fraction. The typical range for loss of ignition of
a fly ash is from <.05 to 7 percent.
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Moisture content of fly ash is low and is usually less
than one percent for fly ash collected dry.

Eastern vs Western Coal Fly Ashes3.3.2

The grade of coal which is the major fuel source in
the eastern half of the United States is bituminous coal of med-
ium to high volatility. Western coal is mostly subbituminous and
lignite. On this basis, generalizations can be made to distin-
guish between eastern and western coal fly ashes. Examples of
the differences between eastern and western coal ashes are shown
in Table 3-4.

Two of the most important differences between eastern
and western coal fly ashes are the calcium concentration and
available alkalinity. Western coal fly ashes in general have
higher calcium concentrations and available alkalinity. These
parameters have been correlated with the capability of western

coal ashes to stabilize scrubber sludge without the addition of
other fixation additives.26

Chemical Characterization of Scrubber Solids3.3.3

The principal components of limestone or lime scrubber
solids are the calcium sulfite coprecipitate, gypsum and calcium
carbonate. The concentration of the species will be dependent
upon the S02 and oxygen concentration in the flue gas prior to
scrubbing, the type of scrubber system and the operation of the
scrubber.

With low oxidizing conditions, calcium sulfite hemi-
hydrate is the principal solid phase product. Small quantities
of calcium sulfate will be coprecipitated with the sulfite. The
calcium sulfite-sulfate coprecipitate has the formula, 37

-79-



\

-30-



*

TABLE 3-5. TRACE ELEMENT COMPOSITION OF FGD SLUDGE SOLIDS
(CONCENTRATION IN ppm)

Plant F
Eastern Ulgh-Sulfur

Line

Plant C
Eastern High-Sulfur

Limestone

Plant 0
Eastern High-Sulfur

Limestone

Plant 8
Eastern High-Sulfur

Limestone

Plant A
Western Lou-Sulfur

Line

Plant D
Western Uw-Sulfur

Linestone

Ident if Iratlout
Coal lypu:
Sorbent:

6.77.54.3Ant imouy
Arsenic
Uarlnn
Beryl lion

6.712.4.0
4400 <20500

10.4l.S 3.91.5 23.7 1.0

68.7
0.40

211. 41.8Bnrou
Catinlira
Clirmal» »a
Copper

25 2.817.7 1.1 B 2.9
98.2
87.3

1.6 131.9
239.8

4.0 5.2 90.6
169.738.9 104. 65

Fluor Iwe
CcraMilium
I.cm!
Manganese

1017 950. 266
2.4<1.0 5.9

* 155.3
251.8

1.6 2.4287.8
595.7

190 54.1
I 56. 147. 340 159.2C3

0.101<0.010 0.46Mcrrury
Molybdenum
Nickel
Selenium

I 23.68.0 9.6 147.1
215.3

81. 140.5
202.4 137.413. 26.0 75.2

4.13 3.8 2.1

<100Vanadium
Zinc
Cobalt

<50 <100
205013.9 333.7 169 330.8 166.1

35.846.7 4.4

Electrostatic pre-
cipitator for fly
ash control upstream
uf scrubber

COMMENTS: Electrostatic pre-
cipitator for fly
ash control upstream SOa control
of scrubber

Scrubber used for
both particulate and

38, 39.Sources:



3.4.1 Physical Properties of Fly Ash

The particle size distribution of a fly ash will depend
upon chemical composition , boiler type , and firing conditions.
The size distribution of the collected fly ash will, also be af-
fected by the method of collection. Ashes collected by electro-
static precipitation and baghouses tend to have a higher percentage,

of fine particles than those collected mechanically.

Fly ash particles are very fine , varying in size from
v 0.5 to 100 microns and averaging from 8 to 30 microns. The
morphological characteristics of the fly ash are diverse and are
particle size-dependent. One recent study has identified eleven
morphological particle types in the fly ash produced by a low
sulfur, high ash, high moisture western coal. 40 The finest frac-
tion is composed primarily of 'unopaque solid spheres. The coarsest
fraction is composed of cenospheres (lightweight hollow spheres)
20 to 100 microns in diameter. These cenospheres are caused by
evolution of nitrogen and carbon dioxide inside fused silicate
particles in the boiler. Because of their low density, these
"floaters" become a suspended solids problem in disposal ponds .

Specific gravities of representative U.S . fly ashes
ranged from 1.97 to 2.85. 26

with specific gravity is the iron oxide content .
One of the primary factors correlated

Minnich4 1 > * 2

also indicated that particle size distribution was important in
addition to the iron oxide- content. 4 1 The specific gravity , i .e. ,
density , of the particle will have a bearing on the bulk density
of the compacted or settled by-product and consequently will a f f ec t
disposal volumes.
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3.4.2 Physical Properties of Bottom Ash

Bottom ash is collected in either ash or slag form
depending on the design of the boiler. The ash produced in a
dry bottom boiler is comprised of coarse, angular particles with
porous surfaces. Wet bottom boilers produce heavy, angular
particles which are termed slag. These typically black particles
have a glass-like appearance.

Bottom ash in comparison to fly ash is much coarser,
ranging from 50 microns to one inch in diameter,
equivalent to the range bounded by fine gravel to fine sand.

This is

The specific gravity of 6 eastern bottom ashes has been
reported to range from 2.28 to 2.78 with the iron oxide content
an important factor.1* 1 The range for bottom ashes in the U.S.
can be expected to be broader, ~2 to 3.

Physical Properties of FGD Sludge3.4.3

Particle morphology, particle size distribution, speci-
fic gravity, and solids content are particularly affected by the
scrubber system design and operation and the chemical composition
of the solids.

The coprecipitate of calcium sulfite hemihydrate formed
under normal nonnucleating conditions will appear as platelets
.5 to 2 microns in thickness and from 2 to 40 microns in length
and width. The ratio of length to width will be approximately
2:1. Under nucleating conditions, e.g., rapid dissolution of
lime, the calcium sulfite crystals may randomly nucleate on the
surfaces of existing sulfite crystals, leading to a dendritic
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3.5 Structural Properties

Compaction and settling properties give an indication
of- the disposal volume involved in disposal in landfills and
ponds, respectively. Triaxial shear tests and unconfined com-
pressive strength tests are indicative of the load bearing capa-
city- of the disposal site. The load bearing capacity/ in turn,,
indicates the structural stability of the solid waste material
during and after disposal. Permeability coefficients are closely
related to these structural properties and can directly affect
the quantity of leachate from the disposal site.

3.5.1 Compaction Properties

Compaction tests are performed to determine the opti-
mum water content for placing the material at maximum density.
Placing of the landfilled material at the optimum moisture and
maximum density will insure minimum settlement and permeability
and maximum shear strength. It also reduces the land require-
ments for disposal. Optimum moisture contents and maximum unit
dry densities, i.e., the compaction properties, of fly ash, bot-
tom ash, scrubber sludges -, and mixtures of fly ash and scrubber
sludge have been reported by a number of investigators.26

Compaction properties of fly ashes, bottom asties, and scrubber
sludges as determined by these investigators are summarized in
Table 3-6. The addition of fly ash to the scrubber sludges at
1:1 ash to sludge ratio or higher reduced .the optimum moisture
content of the sludge by 5 to 20 percentage points and increased
the compacted density of 80 to 320 kg/m3 (5-20 lb/ft 3). Using
these results, representative moistures and densities have been
selected in calculating disposal volumes of the various disposal
options discussed in Section 4. The moistures and densities for
these options are presented in Table 3-7.

,2 7,4 1 ,4 5,4« ,4 6
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TABLE 3-7. ASSUMPTIONS OF DRY AND WET BULK DENSITIES OF FGC WASTE PRODUCTS

Dry Bulk Penalty Wet Bulk Density
0 0

Optimum 70% 65% 50%
Solids

(lbs dry solids/ft3)

Optimum 70% 65% 50%
Solids

(lbs total/ft 9)
Specific
GravityProduct

108 103 89
108 103 89
108 103 89
108 103 89

76 67 45
76 67 45

76 67 45
76 67 45

112Fly Ash

Bottom Ash

Scrubber Sludge

Fly Ash + Scrubber Sludge

2.55 95
2.55 11090

1042.55 80

1122.55 95

i
(kilograms of wet solids/m3)(kilograms of dry sollds/m9)CO

Ln
I

1790 1730 1650 1430
1760 1730 1650 1430
1670 1730 1650 1430
1790 1730 1650 1430

1520 1220 1070 720

1440 1220 1070 720

1280 1220 1070 720

2.55
2.55

Fly Ash

Bottom Ash

Scrubber Sludge

Fly Ash + Scrubber Sludge

2.55
1520 1220 1070 7202.55



TABLE 3-6. RANGE OF MOISTURE-DENSITY RELATIONS
OF FGC WASTE PRODUCTS

- i.. .

Compacted Dry
Density of Dry Solid
kg/nr Ibs/ft3

Optimum Moisture
Content*Product

16-312
14-252
31-522
14-322

1140-1650
1170-1870
1040-1350
1310-1550

71-103
73-117
65-84
82-97

Fly Ash

Bottom Ash

Sulfite Rich Sludge

Sulfate Rich Sludge

Optimum Moisture Content - grams of water per gram of dry solid

3.5.2 Unconfined Compressive Strength

The load bearing capacity of the disposal material can
be determined by unconfined compressive strength measurements of
cohesive products and triaxial shear tests of cohesiveless mater-
ials. The load bearing capacity in pounds per square inch (psi)
is a measure of the structural stability of the disposal material.
The use of the disposal site after reclamation will depend in part

on the structural stability. That is, can it be used as an indus-
trial building site or must it be a park or undeveloped site. The
load bearing capacity also is a rough indication whether the mater-
ial can be worked as a landfill with typical earth-moving equipment

or must it be contained in a pond. For rough comparative purposes,

a person walking on the disposal material exerts approximately .35
kg/cm2 (5 psi), a car, approximately 2.1 kg/cm2 (30 psi), and a truck
or other heavy equipment, approximately 4.2 kg/cm2 (60 psi). A
material having low or negligible unconfined compressive strength
is a cohesiveless material.
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In general, scrubber sludges behave as cohesiveless ma-
terials, having unconfined compressive strengths less than 1.4 kg/
cmz (20 psi).45 Some ashes and ash/sludge mixtures, particularly
those eastern coal ashes containing little calcium or available
alkalinity, display very little cohesive properties with unconfined
compression strengths reported at less than 4.2 kg/cm2 (60 psi).2S

Unconfined compressive strength tests are applicable to
those products displaying cohesive properties. Typically, such
hydrated products are western coal fly ashes, eastern coal fly
ashes to which lime has been added, mixtures of scrubber sludges
with these ashes, and scrubber sludge stabilized with other com-
mercially available techniques.

Unconfined compressive strengths of ash/sludge mixtures
vary considerably but have been reported in the literature from
less than 7 kg/cm2 (100 psi) to as high as 350 kg/cm2 (5000 psi).26
The latter strength is equivalent to typical ready-mix Portland

The calcium content and available alkalinity
of the ash, type of sludge, the ash to sludge ratio, the amount
of lime addition, the water content, and curing time were all

*

factors instrumental to this wide range of unconfined compressive
strengths.

cement concrete.

2.6 » 27

Permeability3.5.3

The permeability coefficient of the waste product will
depend upon

• particle morphology,

• particle size distribution,

-87-



• porosity or void ratio of in-situ material, and

• unconfined compressive strength, i.e., the reduc-tion of pore volume which accompanies the forma<=
tion of the hydration products.

The particle size distribution of bottom ash is similar
**

to that- of sand and fine gravel. Settled or compacted bottom ash
has a high porosity (high void ratio) and displays no. cohesive-

properties.
Permeability coefficients of 10"

reported.
lower, ranging from 10"4 cm/sec to 10"10 cm/sec.26 The higher
value (10“4 cm/sec) is more typical of uncompacted eastern coal
fly ashes and the lower permeabilities are representative of com-
pacted hydrated alkaline western coal ashes.

It has the high permeability that one.would expect..
to 10"3 cm/sec -are typically.

Permeabilities of compacted fly ash are significantly

i

<* i

Permeabilities of 10"3 to 10“4 cm/sec are reported as
a typical range for settled and drained FGD sludges. By applying
compaction and more extensive dewatering techniques, permeabili-
ties of 10"4 to 10"5 and in some cases less than 10"s cm/sec can
be achieved. Fly ash addition decreases the permeability of a
sludge even further by filling in interstitial spaces of the FGD
sludge with fine fly ash particles. This limits the flow of
liquids through the media and decreases the permeability to as
low as 10“s cm/sec.

Western coal ash addition to sludge or the addition of
lime and eastern coal ash to the sludge can lower the porosity
and permeability in yet another way. Hydration reactions consume
the pore water replacing it with the solid phase hydration pro-
ductions responsible for increased unconfined compressive strength.
Permeability coefficients as low as 10”10 cm/sec have been observed.
Reduction of one to two orders of magnitude are more typical.
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Leaching Characteristics3.6

The leaching behavior o£ coal ash and sludge is consi-
dered for several reasons. First, collected fly ash constitutes
a major utility flue gas cleaning waste. Secondly, with the im-
plementation of the Clean Air Act Amendments of 1977, increased
quantities of S02 scrubber sludge will be produced.. Thirdly,
when combined ash and sludge disposal operations are practiced,
certain leachate parameters are generally dominated by the ash
constituents, while others are more strongly influenced by sludge
components. The concentrations of many trace elements in ash-
sludge liquor are derived primarily from the ash, while others
are derived from the scrubber sludge. In addition, concentra-
tions of major species and total dissolved solids will be governed
by the scrubber solids and adherent scrubber liquor.

The disposal of these FGD wastes may result in a poten-
tial source of ground water and surface water contamination if
improperly managed. The concentration of the major species in
the leachate as well as the trace element content may pose a prob-
lem. In lieu of being able to predict the concentration of chem-
ical species in the leachate based on the chemical properties of
ash and sludge, available field data will be evaluated and tabu-
lated for FGC by-products from eastern and western coals. Addi-
tional research is necessary for predicting leaching quality from
a knowledge of chemical characteristics of the coal, ash and/or
sludge, and from laboratory leaching data.
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CONCENTRATION OF MAJOR CHEMICAL SPECIES IN
COAL ASH LIQUORS*(CONCENTRATION IN mg/A)

TABLE 3-8.

Western Coal AshEastern Coal Ash
Total No. of

Min,** AVR > Max. Observations
Total No. of

Max. ObservationsMin.** Avft.Species

Calcium(Ca*2)
Magnesium(Mg*2)
Sodium(Na**)

8 183 856
72 402

39 452 120025 5
.4 25 .09 26 66 5
.8 22 28 3327 90 5 2

Potassium(K 1)
Iron(Fe*2)
Aluminum(Al*)

. 4 32 112
12 200
4.6 43

4.2 5.4 6.55 2
.05 20 .07 2.9 10 4
.05 420 6.0 141.1

Chloride(Cl"1)

Sulfate(S0r2)
Carbonate(CO«~2)

i .4 18 2811 55 19 12 4vO
374 2000 61 807 412 24 318i

27 1 89 1

Nitrate(NO)"1)
Phosphate(P0%~*)
Silica(S10)”2)

15 1
. 74 1

40 791 18 53 5 59 2

3800 664142 20 2TDS

2.9 7.711.5 21 12.5 2pll

*Includes analyses of fly ash, bottom ash, and combined fly ash/bottom ash liquors.
**Low values are mostly from bottom ash samples.

24, 26, 46, 47, 48, 49, 50.SOURCES:



TABLE 3-9. FEDERAL WATER QUALITY PARAMETERS

NATIONAL INTERIM PRIMARY DRINKING WATER STANDARDS51

0.05 mg/2Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Nitrate (as N)
Selenium
Silver
fluoride(avg)

1.0 mg/2,
0.01 mg/2,
0.05 mg/2,
0.05 mg/2

• 0.002 mg/2,

0.05 mg/2.
2.4 mg/22

PROPOSED NATIONAL SECONDARY DRINKING WATER REGULATIONS52

Chloride
Copper
Iron
Manganese

mg/2,250
mg/21

0.3 mg/2
0.05 mg/2

6.5 - 8.5pH
mg/2250Sulface

500TDS
mg/25Zinc

LIMITS FOR IRRIGATION USE OF CONTINUOUSLY“USED WATER53

mg/2
mg/2
mg/2
mg/2
mg/2
mg/2

5.0A "jtttfrf ntttw

Arsenic
Beryllium
Boron
Cadmium
Chromium
Cobale
Copper
Fluoride
Iron
Lead
Liehium
Manganese
Molybdenum
Nickel
Selenium
Vanadium
Zinc

1.0
0.10
0.75
0.01
0.10

mg/20.05
mg/2
mg/2
mg/2
mg/2
mg/2
mg/2
mg/2
mg/2
mg/2
mg/2

0.2
1.0
5.0
5.0
2.5
0.2
0.01
0.2
0.02
0.10

mg/22.0
mg/25000TDS

4.5 - 9.0pH'
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was an eastern ash leachate with an extremely low pH, 2.9-3.7.
In view of the inertness and low surface area of the bottom ash
relative to that of the fly ash, the lower end of each range is
more characteristic of the leachability of the bottom ash while
the median to higher end is more characteristic of fly ash leachate.

The data base on trace elements in coal ash leachates
is continuing to grow but, like trace element analysis or ash it-
self^ - the data remain sketchy in several respects. The concen-
tration ranges and median of selected trace elements are summar-
ized in Table 3-10 for western and eastern coal ash leachates.

The average concentration of inorganic chemical species
as measured in leaching samples collected from ash ponds and/or
landfills exceeded drinking water or irrigation water parameters

by a factor of ten. The concentration must be less than 10 times
the primary drinking water standards for the waste material to be
indicated as non-hazardous under RCRA. The following elements
had average concentrations which were near to the drinking and/or
irrigation water quality criteria presented in Table 3-9.

Fluorine
Manganese
Mercury

Molybdenum
Selenium

Arsenic
Boron
Chromium

These species will bear monitoring. Zinc, cadmium, manganese,
and lead were near to the RCRA (10X) criteria in two eastern ash
disposal sites. These high concentrations were probably the re-
sult of the low pH (<3) of the leachate.

3.6.2 Leaching of FGD Scrubber Sludge

The quality and quantity of the leachate from the FGD
disposal material is expected to be the worst during the initial
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CONCENTRATION OF TRACE ELEMENT SPECIES
IN COAL ASH LIQUORS*(CONCENTRATION IN
mg/1)

TABLE 3-10.

Baategn Coal Ash Leabhata Western Coal Agfa Leachate
Total No.of
Observations

Total No. of
ObservationsMaxSpecies Mine Avg. Min. Avg. Max.

*. . 70.014
0.026
0.224
0.007

0.033 0.018

0.003
7.03 40

0.04Antlaony

Arsenic

Serins
Berylllua

Boron
Cadmium

Chromium

Cobalt
Copper
Cyanide

Fluorine

0.003
<0.003

0.002
0.0001

6
70.1 21 .009

0.3 21 0.10.1 6i

0.01 21 0.00004 0.0030.00026

0.048
0.0005
<0.0006

0,01 6
2.77 16.9 7 1.250.03 3.2 6

210.003
0.076

0.037 0.0001
0.0006

0.0003
0.004

0.002 60.005
0.1U
0.011

211.0 60.048

0.005
0.025

5
0.411
<0.01

6.75 25 0.08 6<0.004
<0.01 0.01 14
0.35 3.33 17.3 0.2 7.0 18.77 6

27 0.01 2.3 4.6Iron
0.026
0.035
0.269
0.0045
0.123
0.099
0.0336
<0.01

<0.01 0.115 0.22'

0.0068 0.05 0.25
0.001 0.308 . 0.9
0.0004 0.02 0.08

0.002 0.028 0.056
0.001 0.036 <0.05

0.001 0.033 0.12

27Germanium <0.01
0.0027
<0.002
0.0002

<.l
60.3 24Lead

2.15 24 6Manganese
Mercury
Molybdenum 0.004
Nickel

Selenium <0.0005

Silver
Uranium

0.038 21 6

60.69 7
61.10 210.01
60.47 21
5<0.0003 0.002

0.002 0.024
<0.005 0.099
0.01 0.124

0.010.01 14<0.01
50.1

67 0.230.143 <0.2<0.1
<0.005

Vanadium
Zinc 5.1 60.4252.1

A Includes analyses of fly ash, bottom ash and coablned fly ash/bottom ash liquors.

38,45,. 54.Sources:
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stage, of disposal and will be primarily a function of the quality
of the scrubber liquor. The water present in the disposal site
will be_ the adherent scrubber liquor which will be high in total
dissolved solids. The total dissolved solids will increase the
solubility of the solids due to increased ionic strength and ionic
complexation. As the wastes age and leach , the chemical quality
of the leachates will improve and will be governed by the dissolr .

ution of the solid phases as opposed to the quality of the adher-
ent scrubber liquor.

. _ The quality of the scrubber liquor will be significantly
affected by the scrubber system design and operating parameters ,
the characteristics of system input meterials , and the nature of
operation of the particulate control device.

The composition of the scrubber liquor will be signi-
ficantly affected by the liquor residence time which is affected
by the evaporation loss in the scrubber and the solids content of
the sludge leaving the scrubber system. The major source of
chloride in the scrubber liquor is the coal . Magnesium sources
include the lime or limestone sorbent and in some cases , magnesium
addition to control scaling. The quality of the make-up water
will also be important in view of the large cycles of concentra-
tion , as high as 50 in some cases . Trace elements in the scrubber
liquor are contributed by the coal , additives , and make-up water.

Concentrations of major and trace element species in
FGD scrubber liquor and elutriates for lime and limestone systems
are summarized in Table 3-11 for both eastern and western coals .
The concentrations of chloride , sulfate , and total dissolved solids
are consistently higher than the irrigation standards ,

liquor cannot be used as irrigation water without some kind of
treatment .

Scrubber
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TABLE 3-11. LEVELS OF CHEMICAL SPECIES IN FGE SLUDGE
LIQUORS AND ELUTRIATESa

itarn Coals
Median

Western Coals
Total UOo of
Observations

Total No. of
Observations

Rang* la
Liquor ( i

Median
(ppm)_

d— d

Range la
Liquor (pom)

0.24-0.6
0.46-1.6

<0.004-2.2
< 0» 0005-0« 05

109

2 2.1 1Aluminum
Antimony

Arsenic
Beryllium

Soron

d 4 0.09-0.22
< 0.004-0.2

0c 0006-0.14

2
0.014
0.012

0.13 22 10
0.013 23 10

d
_

d2 8.02-41 1OOP

0.0470.003-0.3
470-2,600
0.001-2.8

< 0.002-0.1
0.002-1.5

17 0.011-0.044
240(-45,000>c

0.024-0.4
0.1-0.17
0.002-0.6

0.034 10Cadmium
Calctun
Chromium
Cobale
Copper

70022960 9
0.16 21 0.082 10

d.035 3 2
0.200.086 21 10

d d0.42-8.1
9-390
0.0014-0.37
0.007-2.5

<0.01-0.07

0.02-0.1
420-2750
0.002-0.55

<0.01-9.0
0.0004-0.07

5 2Iron
dd 2 2Magnesium

0.0310.12. 24 10Lead
0.17 8 0.74 6Manganese

Mercury <0.0580.016 17 10

5.3 1 0.91
0.005-1.5
8-100

<0.001-2.2
320-29,000

1Molybdenum
Nickel
Potassium
Selenium
Sodium

60.03-0.91
22-41

<0.005-2.7
22-20,0Q0b

0.13 U 0.09
d 23

.01 19 0.12 10
b

_
d127 . 510

0.028-0.38
760-43 , 000°
0.7-3.1
5 ,870
2 ,100-13,500b

0.046 17 0.16 90.01-27
420-3, 000
1.4-70
4.3-110
720-30,000b

Cine
Chloride
Fluoride
Sulfite
Sulfate

__
d2350 12 4

1.7 53.6 15
dd 3. 1

2280 20 3 , 700 11

5,000-95,000°
2.3-10.2

2,500-70,000
7.1-12.3

7,000 12,000TDS

?K

aSample sources range from liquors dlrecely froa a wee scrubber eo pond liquors of varying ages.
bLeveis of soluble sodlua sales In dual alkali sludge (filter cake) depend strongly on the degree of cake
wash. The highest levels shown rsflect single measurements on an unwashed dual alkali filter cake.

°Levels of soluble chloride components In sludges are dependent upon the chloride-to-sulfur ratio In the
coal. The highest levels shown are single measurements for a western limestone scrubbing system operating
in a closed-loop using cooling tower blowdown for process makeup water.

^Sufficient data points are not available for calculation of meaningful "median/*

4 4 , 4 5 , 4 8 , 4 9 , 5 0 .Sources:
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The major species present in the leachate after the
leaching of the adherent scrubber liquor result from the dissolu-
tion of the gypsum, limestone, and calcium sulfite hemihydrate in
the scrubber solids. For this reason, the concentration of the
major - species in the leachate will be limited by the solubility
of these crystalline species. Experimental studies of scrubber
sludge containing some gypsum have shown that the'calcium con-
centration will be from 600 to 700 mg/liter and the sulfate concen-
tration will be 1500 to 1600 mg/liter. Total dissolved solids
will typically range from 2200 to 2600 mg/liter at steady state.26
These steady-state concentrations will be unavoidable since they
are dictated by the solubility of gypsum. Concentrations of cal-
cium and sulfate can be lower than these values when working with
a calcium sulfite sludge containing little or no gypsum. Here,
concentrations will be limited by both the solubility of the cal-
cium sulfite hemihydrate and oxidation.

Trace element concentrations are highly variable as
evidenced by the wide range for most species. Here again, no
chemical species exceeded RCRA criteria for toxicity. The con-
centration of arsenic, boron, cadmium, chromium, fluoride, man-
ganese, mercury, and selenium do warrant monitoring in that the
average concentration exceeded the drinking water or irrigation
water quality parameters.
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4.0 WASTE DISPOSAL PRACTICES

- - The various disposal methods currently employed by coal?
fired utility plants are addressed in this section. The disposal
methods commonly used are discussed followed by presentation of
survey data establishing the number of existing and planned facili-

: ties either using or planning to use each type of disposal practice.
- The costs'associated with the disposal methods are established and
used to provide a rough cost estimate for implementation of RCRA.
Alternative disposal practices, methods not in common used today,
are also evaluated from technical, environmental and economic
standpoints.

4.1 Disposal Methods and Practices

The common disposal practices currently in use in the
coal-fired electric utility industry are described in the follow-
ing pages. Survey data describing the number of plants using each
type of method is also presented. The data describing the percent-
age of plants using each type of disposal method were used in
Section 4.2 to define the costs of current and future disposal.

4.1.1 Disposal Methods

The various alternatives commonly used for fly ash and
scrubber sludge collection and disposal are diagrammed in Figures
4-1, 4-2, and 4-3. These diagrams focus on fly ash and scrubber
sludge to the exclusion of bottom ash because of the greater quanti-
ties of these materials generated. The alternatives for bottom ash
disposal are more limited and less complicated in terms of disposal
alternatives. Ultimate disposal of any of these wastes is in a
pond or landfill, either lined or unlined.
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4.1.1.1 Alternatives for Collection and Disposal

' Collection and disposal of fly ash is commonly performed
in either a wet or dry mode as shown in Figure.4-1. While the ash
material may be collected dry, as with an electrostatic precipita-
tor or a baghouse, wet sluicing may then be employed to convey the
ash to a disposal pond. Where wet sluicing and ponding are not -

- employed, the material is usually hauled by truck.to landfill
disposal. If the ash is collected with a wet system, as with a
wet venturi, disposal is usually accomplished by subsequent pump-
ing to a pond in slurry form. The choice of pumping a water mix-
ture of the ash or transporting dry is often site specific and

• highly dependent upon the method of collection.

In addition to direct disposal of fly ash, it is often
advantageous to mix fly ash and scrubber sludge together to take
advantage of the increased stabilization and fixation resulting
from the mixture. This material can be used as a very effective
pond liner, as discussed in the section, on chemical and physical
properties.

In dry form, the ash is either hauled to a landfill by
the utility company, or hauled offsite by a company paid to dispose
of the material, or even given away or sold to a company using the
material in some commercial process. Most of the dry material
leaving the plant ends up in landfills. The landfill sites are
rarely lined.

In the case of ponding of wet sluiced fly ash or com-
bined fly ash and scrubber sludge, the ponds can be lined or un-
lined. Common liners include clay and synthetic liners. A
stabilized mixture of fly ash and scrubber sludge can also serve
as an effective oond liner.
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Figure 4-2 illustrates various disposal options for
scrubber sludge. Basically, the options involve direct ponding
or dewatering. In either case, the sludge can be mixed with
(1) fly ash or fly ash and lime or (2) a number of other materials
used for commercial fixation processes. In the case of a pre-
dominantly sulfite sludge, material can also be fully oxidized
to gypsum before ponding or dewatering. If dewatering is not
used, the sludges are commonly pumped at 10-15. percent solids.
Sludges can undergo partial dewatering and pimped to ponds at
20-35 percent solids. The sludges can be vacuum filtered to 50-60
percent solids and trucked or otherwise hauled to the landfill.

The options for disposal of combined fly ash and scrubber
sludge, such as that generated from a combined particulate and S02
scrubber, are presented in Figure 4-3. The options for disposal
are basically the same as those presented in Figure 4-2. The
combined sludge can be pumped directly to a pond, either fully
oxidized to gypsum or as a sulfite sludge. The sludge can be de-
watered and fixed and, depending on the extent of dewatering,
either ponded or landfilled.

In every case where ponding is used, either for dewatered
sludges or the slurry pumped directly to ponds, the solids can be
removed and landfilled after settling. Common designs for ponds
and landfills are presented in the following pages.

4.1.1.2 Pond Designs

The common types of designs for ponds are the diked pond,
the incised pond, and the side hill pond. Figure 4-4 gives con-
figurations for the three types of pond designs. The side hill
pond shown in the figure is advantageous in an area of hilly
terrain where a level area for constructing a diked pond or
incised pond is not readily available. The advantage of the side
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hill pond is thac it uses the natural slope of the terrain to pro-
vide one or two sides of the pond. If the angle of the sloping
terrain is too great, a large pond must be constructed utilizing
the contour of the hill or the bank on the downhill side must be
high.

Both the diked pond and incised pond are constructed on
a relatively level site. The incised pond is such that the special
volume of the pond is located entirely below the surrounding ground
level. Since excavation is necessary for the incised pond, it is
advantageous when bedrock is not encountered or where groundwater
will not cause drainage problems. The incised pond does not re-
quire space for dike construction or a suitable material for con-
struction and the incised pond may be an advantage where such fac-
tors are important. The diked pond is the most common type en-
countered. This type may be constructed above grade utilizing ex-
traneous dike material or it may be constructed below ground level
utilizing excavated material for full or partial dike construction.

Not shown in Figure 4-4, but sometimes used, is ponding
in an existing basin such as an abandoned strip mine or a quarry.

4.1.1.3 Landfill Designs

The most common landfill designs are shown in Figure 4-5.
The figure shows the side hill landfill.
side hill pond, this type of landfill is advantageous and most .

often utilized in areas of hilly terrain where the natural slope
of one side of a hill or valley may provide containment,
side hill landfill must be properly prepared to insure stability.

As in the case of the

The

The structurally simplest form of landfill which may be
utilized with level terrain is the heaped landfill. Even though
this design is simplest in terms of site preparation and offers
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advantages in terms of slope stability and groundwater pollution,
it is often an "eye sore" in relation to the surrounding terrain
and may not be preferred because of its visibility.

The valley fill design, which is the most common type of
landfill used, is often the most complex in terms of original site
preparation. Natural valleys or ravines are often.sources of
surface- water runoff and may have springs along.side slopes. .In
such cases, surface water and groundwater control is necessary to

avoid accumulation of water and the development of a leachate prob-
lem. Drainage must be provided and often water is diverted under
the landfill and collected in order to control erosion and/or pol-
lution.

Disposal Practices4.1.2

The previous discussion covered the methods of solid
waste disposal. In the following pages, the current mix of dis-
posal practices at coal-fired utilities is described. Fly ash,
bottom ash and scrubber sludge are evaluated for percentage of
each disposed by each of the methods addressed earlier.

Several sources of information were evaluated to provide
the data presented in this section. The initial data collection
effort involved obtaining a copy of the most current Federal Power
Commission tape for their Form 67 data. This tape contained infor-
mation for the year ending 31 December 1974. The FPC data indicated
that some 390 plants burned 3ome percentage of coal as a boiler
fuel. The data covering disposal practices were not as specific in
terms of how the wastes are handled as were needed. In addition,
the cost data on disposal were a composite figure containing the
costs of both collection and disposal. It was not possible to

calculate disposal costs from these data.
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In order to provide the needed data on disposal practices,
Radian contacted 64 coal-fired utility plants. .These plants, most
of which began operation in the period 1970-1978, were characterized
according to the disposal method used for each-type.of solid waste,

the total coal-fired generating capacity of the plant, the solid
wastes collection equipment and the type of FGD systems used. The.

' data obtained in this effort were supplemented with in?house data,
and-the results of studies done by other companies. The data
obtained through the Radian initiated contact of selected utilities
are more up-to-date and more extensive than the FPC data primarily
due to the fact that plant personnel were questioned in some de-
tail about the disposal method, the quantity of materials, the
use of pond liners, and the mechanism of disposal. In this way,
any confusion about the definition between landfill and ponding
was resolved.

Sixty-four coal-fired utility plants representing 50,900
Mw of generating capacity were contacted. Most of the detailed
data presented in this section come from 45 of the 64 plants.
These 45 plants were able to provide the full extent of informa-
tion requested. The only requested Information not provided by
the plants was cost data relating to disposal. This was primarily
due to the fact that records are not kept to provide easy access
to such data. Most of these plants are relatively large and
represent a total generating capacity of 35,832 Mw. The mean per

plant capacity is about 800 Mw.

4.1.2.1 Fly Ash Disposal

The data on fly ash covers the methods of collection, the
amounts disposed of, and the methods of disposal,
methods and disposal practices for the 64 plants is presented in
Table 4-1.

The collection
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TABLE 4-1
FLY ASH COLLECTION AND DISPOSAL PRACTICES

Number of Plants
Reporting Method

Percent of Plants
Reporting MethodMethod

I. Collection
Dry Electrostatic Precipitator
Mechanical (Baghouse, etc.)
Wet Electrostatic Precipitator
Particulate Scrubber
Other

39 61
8 13

64
2 3

1711
64 100Total

II. Disposal

Ash Pond
Conveyed to Landfill (Dry)
Paid Disposal
Sale of Fly Ash
Intermediate Ponding followed

by Landfill
Other

26 40
19 30

1711
53

3 5
2 3

10064Total

The data indicate that a majority of the plants surveyed
use ESP's to collect dry fly ash. However, most of these plants
dispose of the ash by ponding. Thirty percent haul the dry fly
ash to landfill disposal. Five percent use landfill of settled
ash after ponding.

The data indicate that approximately 17 percent pay
another company to dispose of the ash and five percent sell the ash
directly to some company. In addition, a significant amount of the
fly ash removed by paid disposal may be sold and utilized. Thus,

the total amount of ash utilized is difficult to determine from the
disposal data. The fraction indicated "other” is fly ash given
away or otherwise disposed at no cost to the utility.
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The data on the amount of fly ash disposed by each method
is presented in Table 4-2. These data were obtained from the 45
plants providing more detailed data as compared to the whole sur-
vey of 64 plants.

TABLE 4-2
FLY ASS DISPOSAL PBACTXCES BY QUANTITY OF ASH

Amount
(IQ3 metric tons/rr.)

Percent
of TotalDisposal Method

3,148
4,763
1,415

34Ponded
Landfill 51

15Paid Disposal
Sold
Other

Total 1009,329

A comparison of Table 4-1 and 4-2 indicates that while a
greater number of plants use ponding of fly ash, the greatest
quantity of material is disposed by landfill. Of the 45 plants
contacted, none sold their fly ash but some of the paid disposal
includes material that was eventually sold.

Bottom Ash Disposal4.1.2.2

The data on bottom ash obtained from the survey covered
collection method, the amounts disposed of, and the methods of dis-
posal. Collection methods and primary disposal practices for the
64 plants are presented in Table 4-3.
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TABLE 4-3
BOTTOM ASH COLLECTION AND DISPOSAL PRACTICES

Number of Plants
Reporting Method

Percent of Plants
Reporting MethodMethod

;

I. Collection
Wet Sluiced
Dry Conveyor
Other

52 81
11 17
1 2

64Total 100

II. Disposal

Ash Pond
Conveyed to Landfill (Dry)
Paid Disposal
Sale of Bottom Ash

24 38
17 27
8 12
6 9

Intermediate Ponding Followed
by Landfill 6 9

Other 3 5
Total 64 100

The data indicate that, on a plant basis, the vast
majority wet sluice bottom ash but less than half of these plants
use ponding for disposal. It is not known why this discrepancy
exists. Mechanical dewatering and dry disposal of bottom ash is
not a common practice.

The data on the amount of bottom ash disposed of by each
method are presented in Table 4-4. These data were obtained from
the 45 plants providing more detailed data.

These data indicate that, from a quantity standpoint,

the most common method of disposal is ponding. These data tend
to confirm the data for disposal methods on a per plant basis pre-
sented in Table 4-3 as to the use of ponding over landfill for
disposal.
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TABLE 4-4

BOTTOM ASH DISPOSAL PRACTICES BY QUANTITY OF ASH

Amount Percent
of Total10 3Disposal Method ons/yr.

Ponded
.Landfill

1,763
1,138

44
- - 29

Paid Disposal 671 .16
Sold 444 . 11

4,016Total 100

4.1.2.3 Scrubber Sludge Disposal

The data obtained from the 1974 Form 67 or from addi-
tional contact with 64 plants were not sufficient to cover solid
wastes from flue gas desulfurization processes. To enable
evaluation of FGD disposal practices, additional data was gathered
on 30 plants utilizing S02 scrubbers. The plants began operation
in the period 1970 to 1978. Data sources used to generate the

list of 30, include an EPRI report by Michael Baker, Jr., Inc.ss

a PEDCO report, 55 and various in-house information. The data pro-
vide information on the disposal practices, treatment prior to
disposal and disposal site preparation. The data do not include
waste generation rates on a per plant basis.

Of the 30 plants operating S02 removal systems, all utilize
a wet scrubbing system. The source of alkalinity (calcium for the

calcium-sulfur reaction) does not vary. The plants use either

limestone, lime, fly ash or a combination of the three. The total

amount of sludge generated is highly dependent on the source of calcium.

The total generating capacity of the 30 plants amounted to

approximately 12000 Mw. Some 18 plants totaling 8,700 Mw utilize
pond disposal of the sludges while 12 plants totaling 3,400 Mw utilize
landfilling. In many cases, fly ash and scrubber sludge are removed
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However, complete information on how many plants do
In many cases, the fly ash is removed

in a dry collection system, such as an ESP, prior to the scrubber
and landfilled while the scrubber sludge is ponded.

together.
this was not available.

9Of the 18 plants ponding scrubber sludge, eight pump
the collected sludge to the pond site without any further treat-
ment (dewatering, thickening, or commercial fixation),
maining ten plants all utilize thickening processes prior to
ponding of the sludge but only one plant is utilizing a commer-
cial fixation process in conjunction with ponding while two uti-
lize forced oxidation of the sulfite sludge to gypsum.

The re-

Among the 12 plants utilizing landfilling of scrubber
sludge, seven use some method of stabilization involving either a
commercial process or blending of sludge with fly ash or a fly ash/
lime mixture. Three plants provide commercial fixation. For the
five plants providing no stabilization prior to landfilling, one
dewaters and landfills direct while the other four plants (located
in arid climates) utilize intermediate ponds for evaporation and
eventually excavate sludge from the holding ponds for landfill.

The same data sources mentioned earlier, provided data
on the planned practices among some 38 power plants contracted for
S02 removal systems or under a letter of intent to do so by April 1,
1978. These plants should begin operation by 1986. The generating
capacity of these additional 38 plants is 26,700 The survey of
the planned scrubber systems indicate a slight tendency to use land-
filling of dry waste over ponding. Specifically, 19 units (11,500
Mw) will utilize landfill and 17 (13,700 Mw) will use ponding with
two plants being undecided as to disposal alternative.

For future planned installations using ponding, ten of
17 will not treat the sludge in anyway prior to ponding. Of the
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remaining seven, six will utilize dewatering techniques prior to
ponding and one will use a settling pond. One plant will provide
forced oxidation without thickening and another plans to contract
for utilization of the Dravo commercial fixation process with pond-
ing.

- Some type of stabilization and/or fixation is planned
for 16 of the 19 new units landfilling sludge. Four plan to con-
tract for use of the XUCS commercial fixation process. The re-
maining units are planning to use some other form of stabilization.
The methods are to blend either lime and fly ash with sludge (1-
unit) or fly ash alone with sludge (11-units), all after some form
of dewatering (centrifugation, vacuum filtration or mechanical
thickening). The three installations not planning to use any

means of stabilization will landfill sludge that has been de-
watered by vacuum filtration.

- *

4.1.2.4 Distance to Disposal Site

As the distance from the plant to the disposal site is
a prime factor in the cost, of disposal and in characterizing
existing disposal practices, data was obtained from 54 coal-fired
power plants. These data are presented in Table 4-5. The data
are presented by distance intervals. The mean distance from
plant to disposal site was three miles.

The information was obtained in the form of .distance
to disposal site as opposed to on-site or off-site disposal as
this information is believed to be more relevant for the pur-
poses of this report.
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TABLE 4-5

DISTANCE FROM PLANT TO WASTE DISPOSAL SITE

. Percent of Plant Percent of Waste
In Intervalin Interval

Less than 0.8 kilometers
0.8 kilometers to 1.4 kilometers
1.6 kilometers to 4.7 kilometers
4.8 kilometers to 7.0 kilometers
8.0 kilometers to 15.9 kilometers
16.1 kilometers to 32.0 kilometers
Greater than 32.1 kilometers

26.8 7.22
16.0
21.4

24.49
36.50
24.5219.6

7.2 4.77
5.4 1.08
3.6 1.42

100.0 100.00

A significant factor regarding the distance analysis is
the fact that nearly 93 percent of all bottom ash and fly ash from
the representative 54 plants is transported less than 8 kilometers
(5 miles) form the generating plant to the ultimate disposal site.
This is a strong indication that the cost of transporting large
volume wastes over distances is generally avoided.

The data presented in Table 4-5 are intended to portray

the practices currently used in the utility industry in the United
In addition, the mean distance from the plant to disposalStates.

sites was 4.8 kilometers (.3 miles) for this representative group
and is intended to be realistic for the industry as a whole.

Economic Impact of RCRA4.2

The economic impact of Section 4004 of RCRA on the
electric utility industry is addressed in this section. The pri-
mary objective was to quantify the economics of compliance with
RCRA. Inherent in this development was the assumption that fly
ash, scrubber sludge and bottom ash resulting from the burning

of coal in power plants are non-hazardous wastes under the defini-
tions of the Act.
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The basic approach used in this section involved devel-
opment of an enforcement scenario, design of a typical plant to
describe the quantities and types of wastes to be.disposed of,
development of the cost of disposal for the typical plant, and
use of the disposal cost data to estimate the cost of the com-
liance scenario.

The analysis of the economics of compliance with RCBA
was based on defining disposal options for a "typical" coal-fired
power plant. The typical plant has a name plate capacity of 1000
Mw-. Options for the plant included burning either high sulfur
eastern coal or low sulfur western coal. The nationwide cost of
compliance was estimated from using the costs developed for the
various disposal options for the typical plant.

A direct calculation of the cost of compliance for the
industry on a nationwide scale was not performed. This was not
possible for essentially two reasons. First, there is consider-
able uncertainty in how the regulations will be interpreted and
enforced. Second, determination of which plants are not in com-
pliance required extensive information on disposal practices on

flexibility inherent in the enforcement mechanism preventing pre-
cise determination of how RCRA will be enforced. Ultimately the
enforcement mechanism will be a state and local function and will
be dictated by local disposal conditions based on options avail-
able to the plants. In the second case, a necessary level of
detail concerning current disposal practices and the environmental
effects of the practices was not available and therefore, deter-
mination of which plants or facilities are not in compliance was
not possible.
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The following discussion includes an analysis of the
Resource Conservation and Recovery Act as it may pertain to solid
waste disposal in the electric utility industry, the development
of several enforcement scenarios, a typical or base case for the.
economics and some hypothetical impacts of the various enforce*
ment scenarios. This analysis does emphasize wet scrubbing as a
mearia of SO* and fly ash removal. As currently proposed (9/19/78)21
air regulations for coal-fired power plants tend to encourage the
use of scrubbers.

Interpretation of RCRA4.2.1

The development of potential enforcement scenarios was
accomplished with input from both the written documents and from
conversations with the EFA regional offices. Although no claim
is made suggesting that the proposed regulations will be enforced
as outlined in this section, the enforcement scenarios were neces-
sary to define what the impacts might be on the typical plant.
The site-specific nature of the regulations as written and the
flexibility given to the states in both classifying facilities and
regulating possible clean-up make it impossible to define exactly
what actions will be taken. This situation made it necessary to

use the hypothetic enforcement scenarios as a means of assessing
potential impacts.

The general interpretations of the proposed regulation
were based on an analysis of the Resource Conservation and Recov-
ery Act of 1976s 7 and the proposed classification criteria pub-
lished in the 6 February 1978 Federal Register. s a

One of the stated objectives of RCRA is "to prohibit

future open dumping on the land and to require conversion of
open dumps to facilities which do not pose a danger to the en-
vironment or to health".
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The objective is to be accomplished by state and federal
cooperation through the development of state plans aided by _fed-
eral economic and technical support. The responsibilities of the
states in these "state plans" are to: (1) identify the responsi-
bilities' of state, local, and regional authorities in the implemen-
tation of the "state plan"; (2) to prohibit the establishment of
new open dumps within the state; and (3) to require that.*11
solid waste be disposed of in sanitary landfills or in an environ-
mentally safe manner.. The plans will provide for closing or up-
grading of existing open dumps.

The main engineering point is the distinction between an
open dump and a sanitary landfill. This point is further clari-
fied in RCRA in that "a facility may be classified as a sanitary
landfill and not as an open dump only if there is no reasonable
probability of adverse effects on health or the environment from
the disposal of solid wastes at such facilities." The probab-
ility of adverse effects must then involve the character of the
wastes, the manner of disposal and the location of the disposal
site.

The mechanism of enforcement starts with the require-
ment, set forth in RCRA, that an inventory be made of all exist-
ing disposal facilities in the U.S. which are open dumps and that
this inventory be published. The states, under the proposed rules
published in the Federal Register, have responsibility for pre-
paring the inventory.

As currently proposed, the considerations of importance

in determining whether a site is an open dump or a sanitary land-
fill involve both location and performance factors. These are
discussed below.
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4.2.1.1 Location Considerations

The sites are not to be located, in general, "in envir-
onmentally sensitive areas when feasible alternatives exist un-
less it can be clearly demonstrated that no significant adverse
impact on the ecosystem or human health" will result. The envi-
ronmentally sensitive areas which are addressed in.this section
are: (1) wetlands, (2) flood plains, and (3) sole source aqui-
fers. Those, then become the primary location; judgements. While
these environmental units have been defined, they have not been
fully mapped for all the states. In general, it is advised not to
locate new facilities or expand old facilities in such areas
unless no other feasible and/or economical alternatives exist.

For wetlands, new disposal sites may not be placed in
designated areas and existing operation may not be continued un-
less a NPDES permit is obtained under Section 402 of the FWPCA
Amendment of 1972.59

For flood plains, the establishment of any new facility
or expansion of any old facility in a flood plain must not cause
increased flooding during the base flood or be constructed in such
a way as to be inundated during flood episodes. Facilities can
be located in such flood plains if it can be demonstrated that
they will not adversely affect water quality or flood flow capa-
city.

Sole source aquifers are to be protected from any degra-
dation of water quality. In general, no solid waste disposal
facility is to be located in a sole source recharge zone unless no
feasible alternatives exist.
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4.2.1.2 Performance Consiterations

The performance standards tend to emphasize two points;
(1) permitting for new facilities (.NHJES) and (2) proof that
existing dr planned facilities, particularly those within environ-
mentally sensitive areas, are the only feasible options available,

to the industry and that they will have no adverse effects on the
Of particular concern is protection of- groundwater,

even if the site is not in an environmentally sensitive area.
environment.

In determining compliance with the regulations, applies-
- tion of the best practicable controls is specified in conjunction
with environmental monitoring to determine any adverse impacts.
All facilities must be "so located, designed, constructed, operated
and maintained in order to emphasize the use of best practicable
controls and to allow a determination of compliance based on site-
specific evaluation of these control technologies..." Although
environmental monitoring is encouraged, it is pointed out that

-"the state may determine it is not necessary to monitor if the
facility is such that no adverse effect is expected because of
low volume or inert or innocuous wastes and because the control
technologies and practices are considered (by the state) to

achieve the environmental standards."
to determine a compliance schedule for any facilities judged as
not in compliance.

It is up to the states

From this review of the proposed regulation the follow-
ing points were concluded:

• The states and local agencies will have
considerable flexibility in determining
what existing sites are open dumps, in
the development of compliance schedules
and in determination of what actions,
designs, and controls are considered
acceptable.
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• The regulations emphasize both location
and performance standards which make it
impossible to determine how many plants
will be affected.

EPA Opinions on Enforcement Options4.2.1.3

All of the EPA regional offices were contacted in an
%

attempt to define three items: (1) if the environmentallly.sen-.

sitive areas have been mapped, (.2) if any estimate of the number .

of facilities affected has been made, and (3) what, if any, inter-
pretations the regional offices have made concerning enforcement.
The responses were used to develop reasonable enforcement scenarios.
They were solicited on an informal basis and are not to be con-
strued as official statements of policy.

The answers from the regional offices to these informally
presented questions demonstrated a considerable variance in inter-
pretation of the proposed regulations. There were some definite
general conclusions, however. While some of the states are cur-
rently developing or have recently developed maps of wetlands,
these are not generally available. The flood plains have been
mapped by HUD. Some sole source aquifers have been designated.
However, many of the regional offices are of the opinion that
additional aquifers may be designated in the future.

On the question of enforcement, many of the regional
offices expressed the opinion that there will be considerable
flexibility in how the various states enforce RCRA. This flexi-
bility will be caused as much by the local disposal conditions as
by the regulatory climate in the specific states. Most of the
regional offices expressed the opinion that enforcement will
necessarily proceed on a case-by-case basis and that generalized
conclusions regarding non-compliance are not possible under the
circumstances.
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Another important opinion presented by many of the re=
gional offices is that case-by-case review of existing facilities
will probably be oriented toward proof of environmental damage as
opposed to a presumption of guild based on location. In other .

words, just because a site is located in a wetland does not mean
that environmental damage will occur. The primary concern appears
to be with groundwater protection.

4.2.2 Costing Basis for Enforcement Scenarios

The development of a costing basis for estimating the
impact of RCKA was performed in three steps:

1) Development of a potential enforcement scenario,
2) Development of engineering data describing

disposal options for a "typical" coal-fired
plant, and

3) Development of cost factors for the disposal
options.

Development of Potential Enforcement Scenarios_ 4.2.2.1

As explained earlier, flexibility in the methods of en-
forcement is expected when RCRA is implemented. Compliance
options were developed for the purpose of providing a reasonable
enforcement scenario. The general scenarios are summarized
below. Plants are divided into existing facilities and planned
(future) facilities.

• Existing disposal sites declared open dumps
(located in wetlands, flood plains, sole source
aquifers or known to be contamination ground-
water) and the sites are closed. New disposal
sites are located outside the environmentally
sensitive areas and all ponds are lined to pro-
tect groundwater.
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• New plants to be constructed will generally avoid
environmentally sensitive areas and will provide
for maximum protection of groundwater through
lining of all ponds.

The potential impact of RCRA on existing facilities
was assumed to be limited to newer plants, those that began
operation after 1970. Tke data for existing plants presented
in Section 4.1.2 was used to describe existing operations at
these plants. The plants were assumed to have to move disposal
for the current distance of 4.8 kilometers or 3 miles (average)
to 16.1 kilometers (10 miles) from the plants. The increase in
the average distance to disposal is assumed to be necessary to

protect groundwater. New landfill sites are assumed to be neces-
sary to protect groundwater. New landfill sites are assumed to
be located in impermeable areas or areas where groundwater quality
is not in danger from such facilities. Ponds are assumed to be
located outside environmentally sensitive areas, away from ground-
water resources and are assumed to be lined for further protection.

For planned facilities, the primary assumption is that
all plants will be affected by RCRA. The primary effect is
assumed to be the distance from plant to disposal. As siting of
disposal facilities will be a concern in the planning stage for
the whole plant, it is assumed that the average distance from
plant to disposal site will increase over the current average of
4.8 kilometers. As the plants can take this into account in
siting the plant, the new distance is assumed to be less than
the 16.1 kilometers used for the existing plants. The distance
used was 8 kilometers. It was also assumed that all ponds would
be lined, regardless of groundwater conditions.

Development of Engineering Data4.2.2.2

The typical plant, characterized for the purpose of
quantifying the impact of enforcement, was based on 1000 Mw "name
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plate" capability with a 35 percent thermal efficiency. To cover
a typical range of coal properties and operating conditions, the
-design data presented in Table 4-6 were used. The assumptions
made on all design data are based on typical data for the industry.

~ SO2 scrubbers using limestone were assumed for the purpose of _

meeting air quality regulations for S02 emissions..
r.\

. Regulatory assumptions were made for both current, regula-
tions and proposed future regulations. These regulatory conditions
were chosen to illustrate any impacts on solid waste generation .

to be expected from future regulations- The final regulations for
- new source performance have not been adopted. The regulatory
assumptions used are listed below.

Current
Regulations

Proposed
Regulations

99% 99%Fly Ash Removal
SO2 Removal 85%.1.2 lb SO2

10® Btu
(Allowable Discharge)

The operating conditions, coal properties and regula-
tions assumed were used to calculate the solid wastes generated
by the "typical" plant. These are presented in Table 4-7.

The dominant impact of the proposed regulations is for
scrubber sludge at plants burning low sulfur coal. This impact
is taken as the difference between existing sludge generation
rates and the rates to be generated asstiming implementation of
the proposed regulations. The difference for high sulfur coal
is only slight.

The densities for the solid wastes listed in the pre-
These figures were

In addition
arized in Table 4-8,.

used to estimate the volumes of solids generated,
to the assumptions concerning density, the water content of the

vious table are STJ lllllt
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TABLE 4-6

DESIGN BASIS - FOR 1000 MW COAL-FIRED POWER PLANT

Coal Type

Western Coal Eastern Coal
Plant Design Data

Stream Factor, hr/yr
First Year
Average 30 yr. life
Thermal Efficiency, %
Fly Ash to Bottom Ash
Ratio

7,000
4,350

7,000
4,350

35 35

80/2080/20

Plant Life
30New, yr.

Existing, yr.
30
25 25

Coal Data
Heat Value (Wet), Btu/lb
Ash Content (As
Burned, %
Sulfur Content, %

9,000 11,000

158'

0.8 3

Flue Gas Cleanup

Percent of Sulfur in
Coal Converted to SO
Fly Ash Removal
Scrubber, %
Dry Removal (ESP,
Baghouse), %

Scrubber Design
Limestone Stoichiometry*
Percent Solids in Efflu-
ent from FGD System, %
Ratio of Sulfite to Sul-
fate in Scrubber Sludge

95% 952 >

9999

9999

1.5 1.5

15 15

85/15 85/15

*Ratio of moles limestone added to moles SO2 removal.
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TABLE 4-7

SOLID WASTE GENERATION RATES FOR
1000 MW COAL-FIRED POWER PLANT

Solid Waste Rates, Metric tons/hr.
Eastern CoalWestern Coal

50% 65%I Dry 50% 65%
Solids 'Solids Solids Solids Solids Solids

38.225.0Fly Ash

Bottom Ash
Scrubber Sludge

Current
Regulations22

Proposed
Regulations21

9.56.3

76.6 58.938.33.12.0 4.0

70.545.8 91.625.429.915.0

65% 70%
.Solids

65% 70%
Solids Solids Solids

Fly Ash and
Scrubber Sludge
Combined

Current
Regulations21

Proposed
Regulations21

109.8117.976.553.9 38.526.9

119.7128.884.057.179.839.9
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of the settled sludges were also assumed,
for ultimate disposal Is very dependent on the percent solids.
The volumetric waste generation rates are SXJ

TABLE 4-8.

The volume of material

arized in Table 4-9.nmt

DRY AND WET BULK DENSITIES OF FGD WASTE PRODUCTS

Dry Bulk Density Wet Bulk Density
ia

Optimum 70% 65% 50% Optimum 70% 65% 50%
SolidsSolids

Specific
Gravity Kgs. Dry Solids/m3

1520 1220 1070 720
1440 1220 1070 720
1280 1220 1070 720

Kgs. Total/m3

Fly Ash
Bottom Ash
Scrubber Sludge

Fly Ash and
Scrubber Sludge

2.55 1790 1730 1650 1430
1760 1730 1650 1430
1670 1730 1650 1430

2.55

2.55

1520 ‘ 1220 1070 7202.55 1790 1730 1650 1430

VOLUMETRIC GENERATION RATES FOR SOLIDS ANDTABLE 4-9.
SLUDGES FROM A 1000 MW PLANT Volumetric Rates. 103m3/vr

Eastern CoalWestern CoalDisposal Assumptions

Dry Fly Ash
(Optimum HjO for compaction)
Wet Sluiced Fly Ash
(70% solids)
Wet Sluiced Bottom Ash
(70% solids)
Scrubber Sludge
(50% solids)

Current Regulations
Proposed Regulations

Fly Ash and Scrubber Sludge
(65% solids)

Current Regulations
Proposed Regulations

^Exception - 70% solids.

221144

178 275

45 68

46424
181 158

623193 *
685326
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There were two basic disposal practices used for the
calculations in this study. They were ponding and landfill.
Although ponding can be considered a form of landfill, the. method
of solids handling and equipment required are different. For

- landfill of dry solid or dewatered sludges, it is assumed that
some form of trench filling will be used as described .in the pre-
vious section. Landfills can be located in areas,suitable for...

this type of disposal and not require liners. - --- .

Ponds are assumed to be 9.1 meters deep, rectangular
shape and contained by dikes with a three to one slope. In actual
practice, the depth and shape of the ponds will be determined by
local conditions. The ponds are assumed to provide a thirty-year
lifetime. The land area needed to dispose of sludges was calcu-
lated and are summarized in Table 4-10. The land requirements
needed for ultimate disposal depends on the final settled volume
which in turn depends on the water content. The data in the table
reflect the considerable difference between eastern and western
coal in terms of pond requirements.

In order to protect ponds from flooding, it was assumed
that dikes or levees would be constructed. These would have to

be designed so as not to interfere with flood waters or cause in-
creased upstream flooding. Should it be impossible to design and
construct a flood protection dike under these restrictions, it was
assumed that disposal would have to be located outside the flood
plain. The dike referred to for flood protection is a diversion
structure and is different from the dikes forming the pond walls.
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TABLE 4-10

LAUD REQUIREMENTS IN SQUARE METERS FOR
A 1000 MW COAL-FIRED POWER PLANT

PONDING*

Western Coal Eastern Coal
Wet Sluiced Fly Ash
Wet Sluiced Bottom Ash
Scrubber Sludge

Current Regulations 22

.Proposed Regulations21

Fly Ash and Scrubber Sludge
Combined

Current Regulations 22

Proposed Regulations 21

364 563
93 138

49 951'

372 1,141

393 1,275
1,404668

*LANDFILL
Western Coal Eastern Coal

Dry Disposal Fly Ash
Dry Disposal of Scrubber
Sludge (Dewatered to 507,
Solids)

Current Regulations 22

Proposed Regulations 21

Dry Disposal of Fly Ash
and Scrubber Sludge Combined
(Dewatered to 65% Solids)

Current Regulations 22

Proposed Regulations 21

295 453

49 951
372 1,141

393 1,275
1,404668

*Both ponds and landfills are 9.1 meters deep (30 feet)
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TABLE 4-11 COMPARISON OF ASSUMPTIONS
BETWEEN 1000 MW PLANT AND TVA COST EVALUATION

Western
Coal
1,000

Eastern
CoalTVA Study

500 1,000Plant Size, Mw
Coal Data
Heating Value(Wet), Btu/lb 10,000 9,000.:. 11..QQ0-

Ash Content, %
Sulfur Content, 7»

Yearly Operating Time, Hrs.

New Plant -
Average Over Plant Lifetime 4,350

Life of New Plant, yrs.
Scrubber Data
Limestone Stoichiometry
for Scrubbing Operations

Percent of SOz Converted:to:
Calcium Sulfate, %
Calcium Sulfite, %
Solids Content of
Slurry from Scrubber, %
Solids Content After
Clarifier, 7.
Percent Solids of
Settled Sludge:
Scrubber Sludge Only, 7»
Fly Ash & Scrubber Sludge, %

16 8 15
3.5 0.8 3

7,000 7,000
4,350

7,000
4,350

30 30 30

1.5 1.5 1.5

15 15 15
85 85. 85

15 15 15

35 35 35

50 50 50
50 65 65
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4.2.2.3 Development of Cost Factors

The economics of the various disposal options were esti-
mated using published data. Most of the cost data used were taken
from the EFA report 600/7-78-023a "Economics of Disposal of Lime/
Limestone Scrubbing Wastes; Untreated and Chemically Treated
Wastes.ii 81

While the exact cost to a specific power plant will vary
widely depending on the type of coal burned, available disposal
conditions and existing equipment at the plant, the cost figures
are presented as reasonable "ballpark" numbers and give a rough
cost estimate for compliance with the assumed enforcement scenario.
The published data used were for a specific coal and plant design.
These conditions were very nearly the same as for the eastern coal
used in this study. The coal properties for the western coal were
considerably different, however.

To compensate for the difference between eastern and
western coals, it was necessary to estimate the impact associated
with the lower ash and sulfur content of the western type coal.
The cost data used to develop the estimates for this study included
an assessment of the effect of ash content and sulfur content on
the economics of disposal. Linear interpolations were made using

these data to estimate the base cost for western coal. The
reductions in the costs of disposal resulting from the lower ash
and sulfur rates were partially offset by the slightly higher
coal rate required. The higher burn rate for coal resulted from
the lower heating value of the western coal as opposed to the coal
used in the cost study. A comparison of the significant assump-
tions between the various coals is presented in Table 4-11.
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The cose of landfill disposal of dry solids is generally
cheaper than wee sluicing of ehese macerials if ehe disposal sice..
(pond or landfill) is ehree miles or more from ehe plant. The
-cost of land for disposal can be expected eo vary considerably
from one location eo another. The primary advantage of this method
of disposal is the low capital cose resulting from the absence of
expensive'pumping or dewatering equipment. Although site..prepar-
ation was taken into account, it was assumed that liners will not

be necessary for landfill type operations.

Table 4-12 contains the cost estimates used for the eval-
uation of the disposal options. These cost figures were used to
estimate the cost of compliance associated with the enforcement
scenario. The table includes both capital and operating costs
for each option. These figures are presented in dollars per kilo-
watt for capital investment and mills per kilowatt hour for rev-
enue requirements. The data can be used to assess the impact on a
specific plant given the capacity and operating characteristics of
the plant. The cost figures represent reasonable "average" fig-
ures to the extent that 1000 Mw represents an average plant.

Estimated Cost of Compliance4.2.3

The cost factors summarized in the previous table were
used to estimate the cost of compliance of the enforcement scenario.
The results of this analysis are presented in the following pages.

4.2.3.1 Assumptions

Several key assumptions were necessary to estimate the
economic impact of RCRA. Some of these assumptions have a
reasonable basis. However, others ara subject to question.
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TABLE 4-12
COST ESTIMATES*FOR SOLID WASTE
DISPOSAL FROM A 1000 MW PLANT

Woofrn Coal Eastern Coal
Capitol Cote
(IQ^)(S

Revenue KiqulroMnea
(102$/vr)(Milla/Kwhr)

Capitol Coot
(10*$) (S/Kkn

Revenue Requirement*(lO’S/vr)OUlla/Kwhg)— Poolon-Caoeo
lc Row Plaaez Scrubber Sludgo

find flyoob 15 Percent
Solids Punped 4.8 Kilonefro
Co CUflioad Pood.

2« Five Tear Old Float: Soso
so Sunber l.

3« Rev Plant: Scrubber Sludgo
(only)— 15 Percent Solids
Pooped 4.8 KUanettre
Clay-Lined Pood.

4.five Tear Old Plant: Soso
aa Sunber 3.

5.Sow Plane: SOBS SO Number l
Except Punped 8(lionetsro

6e Sow Plane: Sons os Sunber 1
sad 5 Except Puspod 18.1
UloMUra.

7.How Plane: Ply lob Only.
Trucked 4.8 XIlowtaro to
Landfill.

8.Sow Plane: PI7 Ash Only.
Trucked to Disposal 16.1
CUanetars.

9« Sow Plane: Ply Aah Only*Vac Sluleod to Pond 4.8
Kilonotoro.

10.Saw Plane: Ply Aah Only.
Wat Sluleod to Pends 16.1
Cllowocars.

11.Sew Plane: Sosa as Su&ber
1 Except Clarified to 35
Porcant Solids Bafora Pumping.

12.Saw Plant: Clarified and
Fileer-d to 60 Percent
SolIda; Trucked 4.8 Kilo*
meters.

17.275 17.3 3.920 31.920 31.90.56 6,730 0.97

12,920 12.9 3,400 23,880 23.80.49 5,840 0.84

11,240 11.2 2,670 0.38 21,070 21.1 4,530 0.66

3.feo8,400 8.4 2,310 0.33 15,760 15.8 0.57

21,050 21.1 4,920 0.70 38,890 38.9 • 8,440 1.21
1

29,350 29.4 6,680 0.95 54,220 54.2 11,460 1.64

390 0.4 1,560 0.22 592 0.6 2,380 0.34

430 0.4 2,060 0.29 660 0.7 3,140 0.44

2,67011.240 11.2 0.38 14,000 14.0 3,200 0.46

19.100 19.1 4.550 0.65 • 23,780 23.8 5,450 0.78

15,620 15.6 3.830 0.55 30,970 31.0 6,580 0.94

6,670 6.7 3.790 0.54 12.330 12.3 6,490 0.93
13.Sew Plant: Sane as Sunker 11

Except Pimped 16.1 Ellonetars
14.Sew Plant: Sana ee Hunker 12

Trucked 16.1 Kilometers to
Landfill.

15.Sew Plant: Sane ae Stinker 1
Except Pond Lined with Syn-thetic Pond Lining Costing
31.30/yd2•

9,850 1.4145.580 45.60.7819,520 19.5 5.740

13.400 13.4 8,890 1.270.747,250 7.3 5.180

4,460 1.1037,400 37.4 7,6500.6420,250 20.3
16.New Plant: Same aa Nunber 15

Except Coat of Lining is
$4.50/yd2. 1.320.77 45,680 45.7 9,20024,730 24.7 5,360

NEeononic8 of Disposal of Line/Linestone Scrubbing Wastes:*Baaed on coot data from Barrlor.J.W
Untreated and Chemically Treated Wastes" National Fertilizer Development Cancer, Tennessee Valley Authority,
TVA BULL 4-123, EPA-600/7-78-023a,February 1978.

et.al•* •*
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-

Therefore, the assumptions are presented only as being reasonable
and are not to be construed as being the only reasonable assump-
tions nor necessarily the best assumptions. Furthermore, the
estimate of the economic impact of RCRA presented in this section - -

should be evaluated in light of these key assumptions.

- Two sets of assumptions were made: one set for existing
plants and one for new plants. For existing plants, the assum-
ptions- are concerned with : Cl) what plants are currently doing in
terms of disposal, (2) the cost of current operations, (3) the
number of plants affected by RCRA and (4) how the plants will
react to the new regulations. For future plants, the assumptions
cover (1) what disposal methods the plants will need, (2) how
RCRA will influence disposal and (3) the number of plants affected.

The specific assumptions made to enable an estimate to

be made of the cost of enforcement are presented below.

Assumptions for Existing Plants

Only plants starting operation since 1970 will be affected by
RCRA.

1.

The total capacity of plants starting operation in the period
1970-1976 is 42,500 Mw, based on the absolute increase in coal
consumption by electric utilities over this time period (FEA
report* 1). The average size of existing plants is assured to
be 1000 Mw, resulting in an estimated 43 new plants.

2 .

Of these plants, 82 percent bum eastern-type coal and 18 per-
cent burn western-type coal.

The distribution of disposal practices for the 42,500 Mw of
facilities is the same as the results as presented in Section
4.1 of this report.

The economic data presented in the TVA report are applicable
to the plants.

No estimate is made of the cost to cover and abandon existing
facilities.

3.

4.

5.

6.
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7. The average distance of current disposal practices is 4.8 kilo-meters (3 miles).
8. Plants will need to relocate their disposal an average of 16.1

kilometers (10 miles) for the plant.
9. The plant will use the cheapest disposal method at the new

disposal site. -

10. The cheapest disposal method is assumed to be the cheaper
for the TVA report.

11. The TVA data for 5-year old plants can be used to estimate the
cost of current disposal.

12. The additional costs of RCRA will be the capital cost and
moving the ponds an average of 16.1 kilometers. The additional
revenue requirements will be the difference between these at
16.1 kilometers (using liners) and current operations 4.8
kilometers.
Assumptions for New Plants (Future Construction)

1. The projected impact of RCRA on new plants is limited to those
projected to be constructed by 1985.

2. The projected capacity to be constructed in the period 1975-
1985 is 160,000 Mw or assuming 1,000 Mw plants approximately
160 plants (FEA report60).

3. Of these plants, 77 percent are projected to bum an eastern-
type coal and 23 percent are projected to bum a western-type
coal.

4. The distribution of disposal methods for these plants will be
the same as estimated for currently planned but not yet con-
structed facilities.

5. The economic data for disposal practices presented in the TVA
report can be used to predict disposal cost.

6. The addition of location criteria plus the other RCRA regula-
tions will result in plants having to locate disposal an average
of some 8 kilometers from the plant as opposed to 4.8 kilometers
for no RCRA regulations.

7. The added cost associated with RCRA is the difference between
requiring 3 meters of clay liner at all ponds and an average
distance of 8 kilometers versus the cost of disposal as cur-
rently performed.

8. Landfill will be located in areas where no danger to ground-
water exists and, therefore, no liners will be required.
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4.2.3.2 Existing Plants

- - The estimate of the cost of RCRA for existing plants ... ..

involved several calculations. The first calculation was the
estimate of the cost of current disposal practice... As the
capital investment for a new disposal site is independent of any
past capital expenses, the cost of current operations was based on
only the revenue requirements (operation and maintenance costs).
The mix of disposal practices established in Section 4.1.2 was used _ - .

to estimate the total megawatt capacity of facilities disposing of . .

each waste with each disposal method. The capacity figures were
then multiplied by modified cost factors based upon the cost .. .

estimates from Table 4-12 (in mills/kw~hr) to give the revenue
requirements in dollars per hour. An assumed operating factor of
7,000 hr/yr was then used to estimate the annual revenue require-
ments. The annual revenue requirements calculated in this manner
thus represent annual costs during early plant life as opposed to
costs averaged over the entire plant life. In later years, the
annual revenue requirements will be lowered. The results of these
calculations are presented below in Table 4-13.

TABLE 4-13
ESTIMATE OF REVENUE REQUIREMENTS FOR EXISTING DISPOSAL FACILITIES -

1970-1978

Capacity (in Mw)
of Plants Using
Disposal Method

Revenue
Requirements

($/yr)Material Method of Disposal

Fly Ash $28,230,000
$29,750,000

Ponded
Landfilled

10,400
15,600

Scrubber
Sludge $19,250,000Ponded

Dewatered &
Landfilled

5,220

$ 7,350,0002,100.
Fly Ash &
Scrubber
Sludge
Combined

$18,920,000Ponded
Dewatered &

Landfilled

3,480

1.400 $ 7.200,000
$110,700,000Total 38,200
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The estimate of the cost of existing disposal is
$110,700,000 per year. This cost represents 38,200 Mw or 90
percent of the assumed total capacity of plants. The remaining
10 percent use paid disposal, sell the material, or do not
specify the exact disposal method. This cost estimate presented
has ignored this 10 percent of capacity and assumes that disposal
costs are balanced by utilization revenues for. this segment.

—: The next step involved estimating the cost of compliance
with RCRA. The assumed impact on the plants was that the average
distance to disposal would be 16.1 kilometers (10 miles), as
opposed to 4.8 kilometers (3 miles) at present, and that all ponds
would use clay liners. As established in the previous section on
costs, as the distance to the disposal site increases, the costs

go up dramatically. It was, therefore, assumed that the plants
would use the most economical means of disposal for the new dis-
posal facilities.

The cost data used in this study indicate that at a dis-
tance of 16.1 kilometers, the most economical disposal method is
dewatering of sludges to 60 percent solids followed by trucking
to landfill. It was, therefore, assumed that plants currently
pumping sludges to ponds would install dewatering facilities. The
cost of moving the facilities, both capital expenses and revenue
requirements, are presented below in Table 4-14.

The net cost for the scenario is the estimated cost

If all of the existingof compliance minus the existing costs,

plants are assumed to be out of compliance, the net cost increase
for RCRA is $98,150,000 (98,150,000-0) in capital investment and
$24,600,000/yr (135,300,000-110,700,000) in revenue requirements.
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TABLE 4-14
ESTIMATE OF THE COST. OF DISPOSAL FOR MOVING THE
DISPOSAL SITE FOR 16.1 KILOMETERS FROM THE PLANT COST

lavesfcaeat
Capacity in Capital

Revenue
Requirement - -

C$/vr)
Disposal
MethodMaterial m (

Fly Ash Landfill 26,000 11,960,000 $66,600 0̂00

Scrubber
Sludge

7,320Dewatered and Trucked
to Landfill

42,540,000 34,780,000

4,880Fly Ash and
Scrubber
Sludge
Combined

Dewatered and Trucked
to Landfill

43,650,000 23,920,000

Total 38,200 98,150,000 135,300,000

For comparative purposes, the cost of using the same
current mix of disposal methods but moved to 16.1 kilometers
from plant was estimated. For this scenario, the cost was
$467,290,000 for capital investment and $171,550,000/yr for
revenue requirements. For capital investments, this presents a
376 percent increase over the minimal cost estimate presented
above. The Increase in revenue requirements was 27 percent.
Most of this difference is in expensive pumping equipment and
the cost of clay lining for the ponds.

One additional cost not included in the cost numbers is

the cost of monitoring wells. Such wells could be used to moni-
tor groundwater quality around the pond or landfill site to insure
that leachate contamination is not occurring. An estimated cost

for such monitoring is $25,000 per plant per year. This estimate
is based using 3 wells at an average depth of 100 feet. Samples
are assumed to be taken regularly (once per month) and analyzed
for major species and any trace toxic pollutants suspected as being
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present. The first year cost includes the cost of drilling the
well and any equipment associated with it. Thereafter, the cost
may decrease if the sampling interval and number of samples to
be analyzed remains the same. This additional yearly cost would
total $1,075,000 for the 43 plants. While this represents a

*

significant expense, the amount is rather small compared to the
overall cost of the scenario.

For reasons of estimating an impact, it is assumed that
Cl) half of the existing capacity addressed in this study would
have to move their disposal sites, and (2) all the plants are
assumed to use groundwater monitoring. Thus, the cost impact of
RCRA for existing plants is:

$49,075,000
13,375,000/yr

Capital Investment
Revenue Requirements

4.2.3.3 New Plants

The estimate of the cost of RCRA for planned or future
facilities to come on line by 1985 involved two calculations.
The first step involved estimating the cost of disposal assuming
the plants will not be affected in any way by disposal regulations
other than the current ones. In this case, the plants are
assumed to use the mix of disposal methods found for currently
planned facilities and presented in Section 4.1.2. These plants
are assumed to comply with currently proposed air quality regula-
tions as presented in Section 4.2.1.

The second step involved estimating the cost of disposal
assuming RCRA would cause the facilities to locate disposal an
average'of 8 kilometers from the plant but that the mix of dis-
posal methods would remain the same. All ponds are assumed to be
lined with 0.3 meters of clay.
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The projected increase in megawatt capacity of coal-
fired units to the year 1985 is 160,000 Mw. This figure was taken
from the Federal Energy Administration's "1976 National Energy
Outlook.siS0 The average capacity was assumed to he 1,000 Mw
resulting in 160 plants covered by the projection period. It is
assumed that only 20 percent of the facilities- would line ponds in
the absence of RCSA type regulations. The average distance from
plant to disposal site was assumed to remain the same as is
currently the case (4.8 kilometers).

The projected cost of disposal for the 160,000 Mw of
capacity was calculated and is summarized below in Table 4-15. -

It should be noted that these capacity figures cannot be summed
to yield 160,000 Mw. The distribution of plant capacity among the
disposal methods listed in Table 4-15 is based upon the percentages
of disposal practices obtained from the plant survey for planned
construction. The disposal methods listed in Table 4-15 represent
greater than 90 percent of the disposal options being considered.
Since cost estimates were not available for these minority options,
these costs (and the associated plant capacities) were ignored
in the cost figures presented in Table 4-15. Thus, the cost

estimates presented are equivalent to assuming that the disposal
costs are balanced by the utilization credits for the minority
options not considered. In any case, this assumption should intro-
duce only a small error.

The cost of disposal assuming RCRA will result in an
increase in the average disposal distance of 3.2 kilometers and
require lining of all ponds to protect groundwater was calculated.
The mix of disposal methods was assumed to be the same as the pre-
vious development. These results are presented in Table 4-16. The
higher cost of pumping sludges as compared with landfill operations
is readily seen in the case for fly ash disposal. In this develop-
ment, the capital costs associated with landfill of dry solids is
very low.

-140-



TABLE 4-15 ESTIMATED COST FOR DISPOSAL FOR
PLANNED AND FUTURE FACILITIES TO THE YEAR 1985

WITH NO ADDITIONAL REGULATIONS

Capacity(In Capital
Mw) of Plants Investment
Using Method

48,000

Revenue
Requirements

($/vr)
Method of
DisposalMaterial ($)

Ponded (15Z solids) 174,020,000556,310,000Fly Ash

104,960,00026,600,00048,000Landfill

471,370,000 92,280,000Scrubber Sludge Ponded (15Z solids) 28,890

Ponded (dewatered
to 35Z solids)

302,400,000 90,590,00020,070

188,120,000245,270,00041,280Dewatered and
Landfilled

138,480,000476,560,000Ponded (15Z solids) 19,260Fly Ash and'
Scrubber
Sludge
Combined

197,810,000Ponded (dewatered
to 35Z solids)

318,090,00013,380

161,880,000303,050,00027,520Dewatered and
Landfilled

1,148,140,0002,699,650,000Total
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TABLE 4-16 ESTIMATED COST FOR DISPOSAL FOR
PLANNED AND FUTURE FACILITIES TO THE YEAR 1985

WITH RESTRICTIONS IMPOSED BY RCRA

Revenue
Requirements

($/yr)

Capacity (In
Mw) of Plants
Using Method

Capital
Investment

<». _
Method of
DisposalMaterial

Ponded (15% solids) 48,000 769,930,000Fly Ash 177,850,00

48,000Landfill 26,600,000 114,28a,000
Ponded (15% solids) 652,450,00028,890 142,830,000Scrubber Sludge

Ponded (dewatered
to 35% solids

430,250,00020,070 96,420,000

41,280 287,820,000 235,490,000Dewatered and
Landfilled

Ponded (15% solids) 19,260 659,690,000 141,200,000Fly Ash and
Scrubber
Sludge
Combined

13,380 440,760,000Ponded (dewatered
to 35% solids)

95,700,000

27,520 364,250,000 194,930,000Dewatered and
Landfilled

3,631,750,000 1,198,700,000Total
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The estimated cost increase of RCRA for planned and
future facilities is summarized in Table 4-17. These cost can
be derived from the differences in total costs presented in
Table 4-15 and 4-16. In addition, estimated costs of groundwater
monitoring have been included in the total revenue requirement
increase resulting from RCRA.

TABLE 4-17. ESTIMATED ADDITIONAL DISPOSAL COSTS
RESULTING FROM RCRA FOR PLANNED AND
FUTURE COAL-FIRED FACILITIES TO THE
YEAR 1985.

Capital
Investment

Revenue
Requirements

($/yg)($)

Estimated Disposal Cost with RCRA 3,631,750,000 1,198,700,000

Estimated Disposal Costs without
RCRA 2,699,650,000 1,148,140,000

Estimated Cost Increase of RCRA 932,100,000 50,560,000

Groundwater Monitoring Costs 4,000,000

Additional Costs of RCRA Including $ 932,100,000
Monitoring

$ 54,500,000

Costs for Existing Plus New Plants4.2.3.4

Within the context of the stated limitations, the esti-
mate of the cost of compliance with RCRA for coal-fired electric
utilities was made by adding the cost of existing facilities to

the costs for the planned and future facilities. The capital
investment cost through the year 1985 (using mid-1979 dollars) is
$981,175,000. The annual revenue requirements are $67,935,000/yr
which includes the costs of groundwater monitoring. These costs

represent an estimate of the added expense of RCRA, that is the
cost over and above the cost of disposal in the absence of such
regulations. -143-



One important factor that needs mention is the cost of
liners. Much of the analysis of compliance with RCRA is based on
the assumed need to line ponds with some impermeable layer to slow
or prevent the intrusion of leachate into groundwater. The costs
developed here used a layer of 0.3 meters of clay. The permeability
of clay is dependent on the physical properties of the specific
type of clay and a range of permeabilities are commonly reported -_

c 5 a8
for clay. These are typically in the range of 10 to 10 - cm/sec.
There are numerous liners available that can achieve this perfor-
mance, including a mixture of fly ash and scrubber sludge in some
cases. Synthetic liners such as ployethylene, polyvinyl chloride
of butyrubber, and others can achieve greater protection from
a leachate penetration standpoint. The cost of commercially avail-*
able liners is rather high, however.

Using the TVA study81 as a basis for cost comparison,
the relative costs for the various liner options are presented
in Table 4°18. Note that the capital investment for the synthetic
liner costing $4.50 per square meter is some 86 percent greater

than for no liner. It is some 55 percent greater than for clay
liners while the operating costs are 77 percent greater than no
liner and 116 percent greater than for clay liners.

TABLE 4-18
RELATIVE COMPARATIVE COST OF POND LINERS51

No Liner
(Base Case)

Synthetic Liners
$1.50/m 2 $4.50/m 2Cla£

1.00Relative Capital Cost
Relative Revenue
Requirements

1.20 1.50 1.90
1.00 0.82 1.40 1.77

-144-



4.2.4 tary of Cost AnalysisSt u n i t

The assumptions that have the greatest effect on
the c.ost estimates are the ones concerning (1) how the plants
would comply with RCRA associated regulations, (2) what those
regulations might be, and (3) the applicability of the cost data
for the generalized calculations made in this study. Several .

important factors were not included in the analysis of the cost
of compliance. One important question is the fate of any existing
disposal facilities abandoned because of danger to groundwater.
If such facilities are forced to remove the waste materials
and recover the site, the costs would be very high. If the
facility is allowed to cover ponds or landfills and abandon them,
the impact will be limited to the costs associated with the
mature retirement of the facility.

Another important cost consideration that was not in-
cluded in the study was the cost of building a levee to protect
ponds from flooding. As the potential impact of the levee on
flood water retention is a major factor, a study must first be
conducted to determine if such structures can provide protection
while allowing passage of flood water. If levees can be- constructed
that will be in compliance with these restrictions, the cost

of construction and maintenance will be highly site dependent.

The cost estimate that was generated was based on the
approach of costing various disposal options for a "typical"
1,000 Mw coal-fired plant. These cost data were used to estimate
the cost for the entire generating capacity assumed to be affected.
This approach is in contrast to calculating the answer on a per
plant basis or per ton or cubic meter of waste material. The
cost data presented in the previous section along with the plant
design data can be used to generate these and other calculations
methods.
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In general, the cost data used to Indicate that the
cost of disposal rises sharply with the distance from the plant.
Ponding is economical only at very short distances. At greater
distances, the cost of pumping is very high. The cost of liners
is also very important. The cost differences between clay
liners and synthetic liners may vary by 50 percent or more. When

- the capital investment is in the range of 10 to 50.million dollars
per plant, a difference of 50 percent is large..

ary of the cost evaluation used to estimate, the
cost of compliance with RCRA is presented in Table 4-19.
of well monitoring has been added to the revenue requirements for
the two classifications of facilities.

A ST.Him
The cost

Alternative Disposal Technologies4.3

The discussion of disposal methods thus far has centered
on the technologies in widest use today. The environmental impacts
and disposal costs have been linked directly to them. In this
section, alternative disposal technologies that show some potential
for disposal of the large volume of wastes generated in coal-fired
power plants are evaluated. These are mine disposal, ocean dis-
posal, and landfarming. For each method, the advantages and dis-
advantages are addressed, the regulatory restrictions are discussed
and the general cost considerations are evaluated.

Mine Disposal4.3.1

The large number of mines in the United States represent

a considerable potential for the disposal of power plant wastes and
solid wastes in general. At this time, there are over 15,000 mines
within the United States which produce over 0.5 billion tons/year
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TABLE 4-19 SUMMARY OF ESTIMATED COST OF COMPLIANCE

(MID 1979 DOLLARS)

Revenue Requirements ($/yr)Capital Investment Costs ($)
Estimated Current
with Predicted
Cost - No RCRA

Estimated Cost
of Compliance
with RCRA

Estimated Current or
Predicted Cost - No
RCRA

Estimated Cost
of Compliance
with RCRA

68,725,00049,075,000 55,350,000Existing*Plants
(1970-1978
Construction)

0

3,631,750,000Planned and
Future
Facilities
(1978-1985)

2,699,650,000 1,148,140,0001,202,700,000.
i
i—*
i

3,680,825,000 1,271,425,000 1,203,490,0002,699,650,000Total Costs

981,175,000 67,935,000Net Costs

*Asflumjne 50% out of Compliance
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of coal and 2.5 billion cons/year of minerals. Much of this capa-
city is not suitable for mine disposal purposes.62 Any number
nf reasons may be sufficient to rule out a particular mine as a
potential disposal site. The mining method, local geological
conditions and hydrology must all be considered.

4.3.1.1 Process Description

The two primary variables in the overall process of
mine disposal are the mine type or mining method and.the actual
waste handling method. In terms of technical feasibility, the.
following four mine types have been ranked in terms of disposal
potential:6 2

• Surface coal mines,

• Underground room-and-pillar coal mines,
c Underground room-and-pillar limestone

mines, and

• Underground room-and-pillar lead/zinc mines.

This ranking was based on the estimated capacity for
sludge, ease of disposal, prevention of future resource recovery
and general proximity to sludge sources. Mine configuration and
mining methods have been found to have relatively little influ-
ence on the environmental acceptability and operational feasi-
bility of the disposal method, except as they are related to

local geology and hydrology.49

The method of waste placement must be compatible with
ongoing mine operations where the mine is still active. Compat-
ibility with existing physical conditions must also be a consider-
ation in the case of abandoned mines. Sludge placement may be
accomplished in surface mines either in the working pit, in the
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spoil banks, or mixed in with the overburden. The exact method
chosen depends on site specific mine conditions and operational
procedures. In underground mines the primary methods available
for waste placement are hydraulic backfilling in the case of a
slurry and either mechanical or pneumatic stowing in the case of
dry wastes. r.

In the feasibility study previously mentioned*9 ,
three different mine sites were evaluated for the disposal of :
FGD sludge. One potential benefit from this disposal practice
emphasized in the report was the prevention or'reduction in mine
subsidence problems associated with specific mining practices.
The three mines studies in detail were all underground coal
mines. After evaluating the physical nature of the three sites,
the specific mine configurations, and local impacts and con-
straints, the following conclusions were drawn:

"Mine disposal of lime/limestone scrubber sludge
produced from flue gas desulfurization processes
is attractive from the standpoint of providing
an environmentally acceptable disposal means.
The sludge material in combination with aggregate
also appears to be of utility in the prevention
of mine subsidence. Potential benefits are seen
in controlling acid mine drainage and preventing
mine fires both chemically and by sealing voids
in the mine fill material.
Generally, there appear to be no insurmountable
environmental obstacles to sludge disposal in
deep mines. Each potential disposal site,
however, must be investigated to determine the
hydrogeologic controls on mine-water flow, and
the location of recharge and discharge areas.
In particular, either the geohydrologic
environment must effectively contain the
sludge and its associated water or the
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formation fluids in the environment must be of
equal or poorer quality than that which is derived
from the emplaced material. .Of concern in the .

geohydrologic evaluation are existence of any
freshwater aquifers, fractures in the overburden,
local piezometric head relations, discharge points
to surface streams, and especially the water-solids ratio of the sludge."

r.\

4.3.1.2 Technical Considerations

In evaluating the suitability of a particular mine
site for the disposal of any solid wastes, a number of specific
factors must be evaluated. The critical or limiting factor will
vary from site to site. The following factors are important in
evaluating any mine disposal plan:

physiography and regional setting,

site geology/stratigraphy,

surface-water hydrology/quality,

ground-water hydrology/quality,

mine configuration,

mine method,

solid waste characterization (physical and
chemical), and

waste handling/placement method.

e

e

4.3.1.3 Economics

The economic analysis of mine disposal is based on an
evaluation of alternative FGD disposal practices 45 . The
analysis is based on waste sludge from a 500-megawatt power plant
burning eastern

'coal (3.0 percent sulfur, 10.0 percent ash and
0.39 kilograms coal/kwh). This plant produces 331,000 metric tons/
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year of dry sludge including ash. The sludge and ash is available
either as dry filter cake (50 percent solids), as 35 percent solids
slurry (thickener underflow), or as treated sludge. No costs are
included for sludge processing, except in the case of treated
sludge where excavation costs are included. Capital costs are
based on a 1978 completion of construction.

Disposal costs were estimated for six different mine
disposal options. The options included both treated and un-
treated sludges, and both onsite and offsite mines. The costs
for the onsite disposal of untreated sludge (or treated, soil-
like sludges) including transfer and intermediate storage ranged
from $2.20 to $3.85 per dry metric ton. This compates to $7.15
to $8.80 per dry metric ton for offsite disposal. For the disposal
of treated sludges requiring the use of ponds or impoundments,
these costs increased by $2.20 to $2.75 per metric ton to account
for excavation costs. Costs do not include site monitoring.

Assessment of Information Needs4.3.1.4

A good background of general information exists con-
cerning the disposal of FGD wastes in mines. Much of this infor-
mation is of a theoretical nature which therefore leaves many
practical questions unanswered. More work needs to be done con-
cerning waste/mine interaction, both chemical and structural.
Additional studies should address the potential of this disposal
method on a regional basis.

Ocean Disposal4.3.2

The ocean disposal offers little potential for disposal
of power plant wastes. From a technical standpoint it is a
feasible method for disposal, but at the current time strict
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regulations under both the Marine Protection Research Sanctuaries
Act of 1972
tend to prohibit this method. There are many serious questions
concerning the short and long term harmful effects to benthic
communities as well as other biological communities resulting
from the dumping of large volumes of flue gas cleaning wastes.
At the present time it is unlikely that permits would be issued
for such disposal unless it can be proven that all other alter-
natives are more harmful.

and EPA Ocean Dumping Regulations sss 3 , s *

While it is agreed that this method of disposal offers
little promise at this time, the process description, the
findings of several studies on the subject and the estimated
costs of disposal are addressed in this section.

4.3.2.1 Process Description

Several technological options are available for ocean
disposal. The sludge itself may be handled as a slurry or
dewatered previous to being transported. The dewatering may
be to heavy sludge (35% solids) or to a brick-like form (60-707«,
solids). Transportation to the disposal site may be by pipeline
in the case of a slurry or by barge with dewatered sludges. The
disposal sites may be on the continental shelf (shallow water)
or in the deep ocean.

The nature of the sludge during and after disposal
must be considered. Dewatered sludges and slurries will dis-
perse and become diluted as they fall through the water column
during disposal operations. Brick-like treated sludges and
dewatered sludges with a sufficiently high solids content will
fall as a cohesive mass through the water until they reach the
bottom. In evaluating the option of ocean disposal for coal-
fired utility wastes, each of these factors must be considered.
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In a recent study*5 by Arthur D. Little, Inc. for the
Office of Research and Development, U.S. Environmental Protection
Agency the following four ocean dumping scenarios were chosen
for analysis:

dispersed dumping on the continental shelf,

conventional dumping off the continental
shelf (deep ocean),

dispersed dumping off the continental shelf,
and

concentrated dumping of treated sludges.

Each of these scenarios were evaluated from a purely
mechanistic approach. No consideration was given to regulations
or legal constraints.

The preferred method for ocean dumping, in the absence
of regulatory constraints, involves the use of conventional
bottom-dump barges on the continental shelf.

There are four principal categories of potential
impact for FGD sludge disposal in the ocean. These categories are:
benthic sedimentation, sludge suspended in the water column,
sulfite-rich sludge and trace contaminants. The primary poten-
tial impact of benthic sedimentation is the creation of unsuitable
habitats on the ocean bottom due to the fine-grained nature of
most sludges and the lack of acceptable nutrient levels. The
impact of the suspended sediments in the water column is estimated
to be dependent on the chemical composition of the sludge and on
feeding habits and sensitivities of fish populations. The intro-
duction of sulfite-rich sludge into the ocean environment is of
interest for two reasons. First, sulfite is measurably toxic;
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and second, it exerts an oxygen demand on surrounding waters.
There are several factors which would determine the severity of
impact from sulfite-rich sludge on the ocean environment,
including the dissolution rates of the sludge, water pH and
dilution in the area of the dump. In a similar fashion, the
impact from trace contaminants is estimated to be highly variable.

A study by the State University of New York, Stony
Brook is presently examining the use of stabilized FGD sludge
blocks to create artificial reefs for marine habitats.s6 In
a two-phase study both laboratory and in-situ tests are being
conducted. The study was performed in an estuarine area but
the results have some applicability to open ocean disposal as
well. Preliminary results indicate that:

• calcium and certain other species show
rapid initial solubilization which slows
as equilibrium is reached,

• no appreciable trace metal leaching was
noted,

• sludge compressive strength increases with
increased exposure to sea water, and

• in the in-situ tests, benthic organisms
attached themselves to the submerged
blocks within two weeks of submersion.

4 . 3 . 2 . 2 Economics

The Arthur D. Little, Inc., study 1*5 developed cost

estimates for five ocean disposal options. The five options
were:

• on-shelf disposal of untreated sludge,

• on-shelf disposal of treated, brick-like
sludge,
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off-shelf disposal of uncreated filter
cake,

off-shelf disposal of thickener under-
flow, and

off-shelf disposal of treated, brick-like
sludge.

An eastern power plant with ready access to the ocean
was assumed. The disposal of untreated filter cake (with ash)
on the shelf was estimated at $4.40 to $5.50 per dry metric ton
of sludge. Treated sludge requiring ponds or impoundments would
cost $2.20 to $2.75 to cover the cost of excavation. Deep ocean
(off-shelf) disposal costs $3.30 to $4.40 per dry metric ton
more than on-self disposal. Thickener underflow disposal costs
$1.10 more per metric ton than filter cake disposal. These cost
estimates do not include monitoring or sludge processing costs.

Assessment of Information Needs4.3.2.3

While a sufficient amount of information does not

exist to justify the current restrictions as ocean disposal,
there are several information gaps that could be addressed.
Some estimates have been made concerning the chemical and
physical interactions between sea water and sludge, but infor-
mation concerning biological impacts of sludge disposal in the
ocean environment is needed. It may be necessary to propose
changes in existing ocean dumping regulations, should the
results of ongoing research indicate that ocean disposal of
power plant wastes is an acceptable method. The acceptability
argument must be taken in light of the potentially harmful
effects of land disposal as compared to ocean disposal of these
waters.
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4 . 3.3 Land Farming

Very little information is currently available on
the potential for landfarming, adding FGD sludges and solids
to the soil. As little or no nutrient material is available
from these wastes they are not a potential fertilizer. The
cost of spreading the material, particularly the large quantities
available, would be rather prohibitive when considering this
as a disposal option.

There may be some limited applicability as a soil
conditioner, however. Where soils tend to be too acidic, basic
fly ash material which has the opposite characteristics could
be used to neutralize the soil. High sodium soils and clays
can be stabilized to some degree with the addition of high
calcium fly ashes. In such cases the disposal costs could be
passed on to the user as opposed to the plant. The quantities
needed would not encompass the entire output, however. Such
cases would tend to be highly site specific and this method
is not believed to offer a potential for widespread use.
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5.0 UTILIZATION OF UTILITY WASTES

For coal-fired utility plants, recovery practices may
be directed toward fly ash, bottom ash and/or boiler slag and
flue gas desulfurization scrubber sludge utilization in some
form. In 1977 total U.S. production of fly ash, bottom ash and
boiler slag was 67.8 million tons with 14.0 million tons success-
fully recovered and utilized.87 This is more than three times
that used by any other world nation during the same time period.
However, this 14 x. 10® tons corresponded to only 21 percent

utilization compared with values for England and Wales of 41
percent, for France of 42 percent, and for Germany of 60 percent.
S 8 >69 *70 There are, of course, inherent differences in avail-
ability of raw materials and marketability in each country which
account for differences.

Utilization of ash is expected to continue to in-
crease in the United States as indicated in Table 5-1 with
trends dating back to 1966.
coal as a utility fuel with attendant increases in ash produc-
tion may very well mean that the percent of utilization will
not increase, and may decrease despite efforts to promote ash
utilization through increased market visibility and technolog-
ical development. Competitive utilization of ash based upon
market development or technological improvement in recovery or
recycle methods would be desirable from both the standpoint of
total resource utilization and of reduction in the quantity of
waste requiring disposal.

57,71 The increasing reliance on

The utilization of calcium sulfite/sulfate based FGD
scrubber sludge is and has been much more limited even than
that of ash. In addition, definitive data on the actual amount
of material utilized is not readily available. In effect, the
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TABLE 5-1
COMPARATIVE RESULTS

1974 1975 1976 19771966*
ASH COLLECTED
Fly Asti
Bottom Aah
Boiler Slag

TOTAL ASH COLLECTED - TONS x 10*

42.8
14.3

48.5
14.1

40.4
14.3

42.317.1
8.1 13.1

4.6 4.8 5.24.8

67.825.2 59.5 60.0 61.9

ASH UTILIZED
Fly Aah
Bottom Aah
Boiler Slag

TOTAL ASH UTILIZED - TONS x 10*

5.7 ‘4.51.4 3.4 6.3I

2.9 3.5 4.5 4.61.7Ln
00 2.4 2.21.8 3.1
I

PERCENT OF ASH UTILIZED
X Fly Ash
X Bottom Ash
X Boiler Slag

7.9 8.4 10.6
26.7
40.0

13.3
31.5
45.8

13.0
32.6
60.0

21.0 20.3
50.0

12.1 14.6 16.4 20.0PERCENT OF TOTAL ASH UTILIZED 20.7

First year that data was taken.
** 1967-1973 data omitted from tabulation because of apace limitation.
Source; Reference 67.
*



situation with regard to scrubber sludge utilization is more
one of conceptual development and testing rather than actual wide-
spread utilization. On recent summary of conceptual developments72

listed the following possible uses for scrubber sludges: (1)
recovery of chemicals, (2) manufacture of building materials,
(3) structural fill, (4) paving materials, (5) soil stabiliza-
tion in agriculture and (6) environmental pollution control.
Among all of the concepts evaluated, it was concluded that only
the production of gypsum wallboard and the utilization of gypsum
in making Portland cement have any possibility .as a significant
outlet for scrubber sludge in the foreseeable future. This
conclusion, of course, assumes that the collection process in
the FGD system involves forced oxidation of the scrubber sludge
to gypsum with separate disposal of waste product in a manner
that allows recovery.

It can be seen, that many conceived uses of scrubber
sludge parallel uses of ash. Since ash utilization is more deve-
loped and ash is a superior product to FGD scrubber sludge in
many of these parallel uses, significant utilization of FGD wastes
is not expected when it is unlikely that the percentage utilization
of ash itself will increase. This conclusion is not to minimize
the significance of the total quantity of FGD scrubber sludge that
might be utilized in a given location where market considerations
create a need for the raw material in such processes as Portland
cement production and in wallboard manufacture.

Fly Ash Utilization Practices5.1

Fly ash utilization practices in the United States
during 1977 are summarized in Table 5-2. The two major areas
of commercial utilization were in the partial replacement of
cement in concrete and concrete products and in the structural
landfill embankments and road construction. Lightweight
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TABLE 5-2
ASH COLLECTION AND UTILIZATION 1977

(Million Tons)

Boiler Slag
(if sepa-rated from
Bottom Ash
Tons x 10*

Bottom Ash
Tons x 10*

Fly Ash
Tons x 10*

5721. TOTAL ASH COLLECTED SB.5 IH
3.1It*2. ASH UTILIZED

3. UTILIZATION PERCENTAGE
A. COMMERCIAL UTILIZATION

a. Mixed with raw material
before forming cement
clinker

b. Mixed with cement clinker
or mixed with cement(Type
1-P cement)

c. Partial replacement of cement
in concrete and blocks

d. Lightweight aggregate
e. Fill material for roads

, construction sites, land
reclamation, ecology dikes, etc.

f. Stabilizer for road bases,
parking areas, etc.
Filler in asphalt mix

h. Ice control
I. Blast grit and roofing

granules

J. Miscellaneous

% '

37

5 2

i
25

OA
O
I 2 3

820 20

23 5

28‘
1322

. 48

223 9

ASH REMOVED FROM PLANT SITES
AT NO COST TO UTILITY

7 17 4B.

26 22ASH UTILIZED FROM DISPOSAL
SITES AFTER DISPOSAL COSTS

C.

100 100100
Source; Reference 67.



aggregate use in the United states was surprising low, 120,000
tons, accounting for only 2 percent of the total utilized,
is in contrast to the significant use within England and Wales
of 353,000 tons or 8 percent of total utilized.58

in the U.S. included mixing with cement or cement clinker, road'

base stabilizer, and asphalt mix filler.

This

Other uses

Partial Replacement of Cement in Concrete and Concrete5.1.1
Products

Fly ash used as replacement material for cement in con-
crete has been found to produce beneficial effects provided good
quality control is maintained along with specifications for the
fly ash utilized. Some of the beneficial effects are: (1) re-
duced water requirements (2) improved workability of the concrete,

(3) improved finishing qualities, (4) reduction in heat generation
during hardening reactions (5) increased strength for a given

cement composition, (6) reduction in permeability and absorption,

(2) improved resistance to chemical attack, (8) improvement in
uniformity of strength development and (9) decreased cost of
concrete manufacturer at a given quality.73 However, the
realization of some or all of these benefits rather than detri-
mental effects such as difficulty in control of air content ,
slow strength grain, poor freezing and thawing resistance depend
upon attention to physical specification and quality control
regarding such factors as fineness uniformity, moisture content,
air entrainment, and composition and particle size of the fly
ash utilized.

Recently, the American Society for Testing and Mater-
ials adopted and published standard specifications (ASTM C618-77)
for the use of fly ash as a pozzolan in concrete manufacture. Fly
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ashes were classified in these specifications as either derived
from burning (1) anthracite or bituminous coal or (2) lignite •

or subbituminous coal with physical and chemical requirements
given for each class. The specifications covered such parameters

as combined percentages of Si02, AI2O 3 and Fe203 , maximum SO3 ,

maximum moisture content, maximum loss on ignition, maximum MgO
content, maximum Na20, particle fineness, pozzolanic activity
index, soundness and uniformity requirements. The adoption and
acceptance of these standards should enhance this avenue for
fly ash utilization.

It is reasonable to expect an increase in use of fly
ash as an admixture in concrete production provided there is
aggressive marketing and attention to quality control. However,
a major factor in the economic competitiveness of fly ash as a
pozzolan is transportation costs. This factor may limit wide-
spread utilization in the foreseeable future to those areas of
the country where there is reasonably close proximity of plants
generating fly ash as a waste product to areas of active con-
struction utilizing significant quantities of fly ash-based
concrete. It is unlikely that fly ash transported over long
distances would be economically competitive with other available
materials.

5.1.2 Base and Subbase in Road Construction

Demand for aggregate materials in base and subbase
construction in the United States runs into billions of tons

each year.75 In some parts of the country there exists both
a shortaee of suitable material and existing material on a
limited basis that is increasingly costly. A potential market
for fly ash exists in areas of the county where large amounts of
bottom ash, boiler slag or fly ash are produced and there is
a limited supply of road construction material.
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However, in spite of the fact that tests on fly ash
used in road construction have shown that it is comparable to
other aggregates in terms of structural specifications, resistance
to its use still must be overcome because of a lack of know-
ledge of its beneficial properties on the part of engineers.
There is a natural tendency to utilize experience-proven
natural aggregate where it is available even though testing has
demonstrated the validity of fly ash use. Nonetheless, more
than thirty states under the increasing pressure to find low-
cost road construction materials have developed specifications
for the use of power plant ash in new construction as well as
maintenance programs. In addition, the Federal Highway Adminis-
tration has sponsored research programs designed to increase the
use of ash in road construction.71

Even though technical utilization of fly ash for road
construction as a subbase or base material seems adequately
demonstrated, there seem to be two limiting factors to its use.
In the limited sense, transportation from a generating plant to

site use is a controlling factor. It has been found that
transportation distances of greater than 50 miles by truck or
100 miles by rail make the use of fly ash unattractive.75 In
the more general sense, there is concern over possible contamination
of water supplies by leachate that might result from water in
contact with fly ash used in road construction. Unless the fly
ash was effectively "sealed" from surface water contact by an
asphalt or concrete covering, then concern over leachate potential
will continue to exist. However, the actual threat from leaching
is not known and testing would be required to establish actual
results. Any such testing would likely be site-specific to a
high degree and would not answer questions of leachate potential
in any general sense. Despite possible limitations , the use of
fly ash in base and subbase construction is definitely expected
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to increase and be especially significant in areas of the country

where natural aggregate materials are in low supply and coal-
fired electrical generation occurs on a large scale.

5.1.3 Cement Manufacture

Fly ash has been used in cement manufacture both by

mixing fly ash with finished Portland cement and by intergrinding

with Portland cement clinker prior to forming a finished product.
Several companies now manufacture a type I-P cement containing

fly ash. There are ASTM and Federal specifications covering

the required properties of such cements and basically permit

any suitable pozzolan (including fly ash) to be utilized along

as specifications for the final product are met. The I-P type

of cement is used for general construction purposes upon which

specifications are built. These specifications permit both
interblending or intergrinding in the manufacture of cement but

stipulate that the pozzolan constitute from 15-40 weight percent

(ASTM)77 or 15-35 weight percent (Federal) of the finished pro-
duct.

In addition to the above, fly ash has been and is used
in several locations as a raw material in the manufacture of
Portland cement. In most cases, the fly ash is used to compensate
for deficiencies in material composition such as alumina and
usually constitutes no more than 5-10 percent by weight of the
final product. Fly ash as a raw material is not bound by any
specifications, since specifications are applied rigorously to
the final product and the fly ash looses its physical identity
in the final product. When fly ash is used as a raw material
to provide certain chemical constituents,
the fly ashes variable composition particularly as it relates
to possible high values of magnesium, sulfate and alkalies.

its use is limited by
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Limiting factors to the use of fly ash in cement manu-
facture either as a pozzolan or raw material are often the
same as those affecting fly ash use in concrete manufacture,
namely, market inpenetrability due to low confidence in a by-
product, concern over variable composition of fly ash, constancy

of supply and economic concern over transportation costs if
long distance hauling is involved. As in the case of concrete
manufacture, use should continue to increase with aggressive
marketing and acceptance of specifications provided the manu-
facture is taking place in a geographical location where
supplies are available from power plants without inhibiting
transportation costs.

5.1.4 • Lightweight Aggregate

Production of mineral aggregates in the U.S. now
amounts to more than 2 billion tons on an annual basis and all
aggregates combined constitute the largest single mined com-
modity in the United States.75 However, the supply is decreasing
and in certain areas of the country (particularly some indus-
trial or metropolitan areas) demand for natural mineral aggre-
gates for construction purposes exceeds locally available supplies.
Consequently, the search has been made for substitute materials
with fly ash and bottom ash coming under both consideration and
actual use. With increasing energy costs and subsequent
costs in transportation there has been a driving force to find
suitable replacement aggregates in the local area rather than
transport over large distances. Therefore, there is definite
potential for growing use of fly ash as a lightweight aggregate
in many parts of the country where there is a coupling of
shortages and coal-fired generating plants in the same area.
There are apparently few significant technical limitations to

the use of fly ash for lightweight aggregate, and it is feasible
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that this particular application holds promise for the greater

percentage increase in fly ash utilization among all categories
of use. Possible limitations which may require further atten-
tion in the future are variable density among fly ash sources
and a potential for water contamination through leaching for some
applications of lightweight aggregate use.

Filler in Asphalt Mix5.1.5

Mineral fillers have been used for some time to in-
crease the stability and durability of asphalt paving surface.
Normally the mineral filler constitutes no more than four percent

by weight.78 Materials which have been used for this purpose
include limestone dust, volcanic ash, hydrated lime, powdered
shale, Portland cement, bentonite clay, mineral sludges and
fly ash.

From a technical view point, the major limitation on
*

use of fly ash as a filler is its poor traction characteristics.
However, it does provide adequate overall paving characteristics
and since filler specifications allow the use of a low grade
fly ash from the standpoint of quality control, its cost is
attractive in comparison with other filler options. Consequently,
in areas where a reasonably constant supply is available from
the utility in close proximity to the point of use, a signi-
ficant outlet market for fly ash should be sustained. However,
since the use is largely seasonal and the percentage use of
filler is small, the asphalt filler market could not be an
outlet for much more than one million tons per year and would
be localized in certain areas of the country.
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5.1.6 Future Uses

Beyond the "major" outlets for power plant fly ash
mentioned above, numerous other uses have been conceptualized
or demonstrated to some degree with several deserving special
mention. In some instances, these other uses await the sur-
mounting of technical problems, and in other cases market
awareness of the feasibility and advantages of the product or
particulate use must be developed. An example of a future
potential use requiring technological breakthrough for economic
competitiveness is mineral recovery from fly ash. Much research
has been done and methods for extracting alumina, magnetite or
other minerals do exist. However, these processes are not capable
of competing with more established processes in some cases and
in others the market does not exist because of a readily
available supply of the mineral.

By the year 2000, the minerals deficit in the United
States will exceed the energy deficit; the trade deficit in
minerals may be as high $100 billion dollars witnin 25 years.79

Currently, U.S. sources for 22 of the 74 non-energy essential
minerals are almost completely dependent on foreign sources. Of
the crucial 12 elements, seven are imported in quantities greater
than 507o of our need.79 Utilization of the aluminum content of
the fly ash can completely offset bauxite imports currently.90

Zinc concentrations in the fly ash are equivalent to zinc mined
from commercial sources. In light of an impending minerals
crisis and a critical shortage of certain industrially crucial
trace elements, the presence of these constituents in fly ash
and the large amounts of fly ash available are strong reason
and justification for basic research and development of extrac-
tion processes and incentives on the state and national level
for the effective use of these constituents as a valuable
natural resource.
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A possible use, requiring market development in the
U.S., is the production of gas concrete or lightweight concrete
as a building material. Large amounts of fly ash are utilized
for this purpose in Europe where this product has become a
widely used and popular construction material. In Europe, the
material has been found to reduce construction costs by as much
as 20-30 percent over conventional brick and the use has steadily
grown in over twenty countries.78 Were this use to gain
favor in the U.S., manufacture of gas concrete could become a
major use of fly ash in the future.

Other uses providing a significant outlet for fly
ash are soil amendment, production of cenospheres and utilization
in mineral based insulation.

All of the above discussion of actual and potential
fly ash utilization assume that the material is available in an
unmixed form through dry collection procedures such as electro-
static precipitation or mechanical collection,
what of a tendency to date to find air quality control systems

at increasing numbers of utility plants in which fly ash is
collected in large portions along with SO2 in a wet scrubbing
system with limestone or lime as the sorbent material. The
resulting mixture of wet fly ash and scrubber sludge does not

have the same properties as separately collected fly ash and
could not be used in many of the applications discussed above.
If fly ash utilization is a desirable goal and proves financially
beneficial in some instances, the altering of properties
through wet collection along with S02 should be avoided.

There is some-

5.2 Bottom Ash Utilization Practices

In many instances, bottom ash can be used in a parallel
fashion to fly ash. There are general similarities to con-
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stituents on a chemical basis, but there are significant dif-
ferences in composition on. the basis of those constituents.
In addition, there are significant differences in particle

morphology and physical characteristics. For example, fly ash

is typically a fine material of glassy spheres, whereas bottom

ash i's typically a more coarse material of a cinder-like nature.
Therefore, some of the uses are significantly different from
those of the fly ash.

In addition to the bottom ash obtained from dry boiler
operations, boiler slag is another distinctive mineral byproduct
of combustion resulting from wet boiler operations. The uses
of bottom ash and boiler slag overlap to a large extent, and
consequently, their uses will be considered together. On a
percentage basis the utilization of bottom ash and boiler slag
exceed that of fly ash. This is shown in Table 5-2 for utili-
zation of ash for 1977.87 However, it must be realized that
the uses of bottom ash and boiler slag have been limited in
nature. The significantly lower quantities of bottom ash and
boiler slag being produced result in a higher percentage of
utilization than fly ash rather than more extensive outlets
for these materials over fly ash.

5.2.1 Use in Manufacture of Cement

Bottom ash finds some use as a mineral filler in the
manufacture of cement. In actuality, the bottom ash is used
as a raw material in the production of cement clinker and as a
means of providing required mineral mass balance. In 1974, this
particular use amounted to less than one million tons 71, but this
outlet is still one of the major utilizations of bottom ash in
the United States.

Bottom ash as a raw material ingredient in cement manu-
facture parallels the advantages and disadvantages given for
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fly ash used in this manner, because both serve as an extender
for mineral constituents. The market for this use should not
only be sustainable in the future, but should see growth with
a corresponding increase in all types of construction.

5.2.2 Lightweight Aggregate and Aggregate in Road Construction

The growth in use of lightweight aggregates (a
doubling of use is expected in the next 10 to 20 years) and the
shortages expected to occur in certain urban areas has been
mentioned in the section above on use of fly ash as lightweight
aggregate.

Bottom ash has found use as a lightweight aggregate

in construction needs and has been utilized as an aggregate
(gravel) material in road base construction. Extensive testing
has been done on the physical and structural characteristics
of bottom ash and boiler slag for various purposes in road
construction.31 This has included use for nonstabilized bases,

stabilized bases (either Portland cement or bituminous stabilized),

bituminous paving mixtures and underdrain filter material. It
has been generally concluded that bottom ash and slag can provide
properties comparable to those resulting from natural aggre-
gates, but that the specifications developed for the use of
material aggregates require modification to achieve the best
results when using power plant aggregates. With modification,

performance of the power plant aggregates in road construction
can equal or exceed that found for natural aggregates.

As in the case of fly ash, the increasing acceptance

of bottom ash and boiler slag as aggregate materials and the
development of appropriate specification for their particular
unique properties will provide an outlet in those areas of the
country where large amounts of coal-fired wastes are being
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produced. Fortuitously, a number of urban areas expected to

have shortages of natural aggregates are located in regions of
the country where large amounts of power plant aggregate are
being produced. The proximity should reduce transportation
costs to the point where the ash products are economically
attractive. Consequently, aggregate use represents one of the
better alternatives for increasing.utilization in the future.

Filler in Asphalt Mix5,2.3

Both bottom ash and boiler slag have been used in
asphaltic concrete for paving purposes, although boiler slag
has a more extensive history of such use. Boiler slag received
considerable promotion after World War II as a desirable
surfacing aggregate under the trade name of "Black Beauty"
with the heaviest use coming in the midwestem United States.92

Even though more extensive quantitative data is needed, asphaltic

surfaces with boiler slag as an aggregate poses anti-skid pro-
perties as compared to such a natural aggregate as limestone
sand.

Bottom ash in asphaltic paving has been most extensively
used in West Virginia where since 1972, dry bottom ash has
been cold mixed with emulsified asphalt and used to pave rural
secondary roads. 31 The performance of such surfaces has been
reported as favorable to this point, with good experience also
being reported in supply of the materials from the power plants
involved. In addition, extensive testing of bottom ash and
boiler slag for asphaltic surface production has been conducted
at West Virginia University. That testing clearly established
the feasibility of both materials in asphalt mix provided
specifications are modified to accomodate the unique nature

these by-products. Additional laboratory and field testing
should be conducted with bottom ash and slag from the burning of
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subbituminous and lignite coals because the bulk of experience
has been obtained with eastern bituminous coals. However, the
West Virginia results have paved the way for acceptance of
this use and there is no reason why this market cannot be
successfully developed.

5.2.4 Abrasive Material for Skid Control Under Snow or
Icing Conditions on Roads

Because bottom ash is a cinder-like material with angular
particles, it has found rather extensive use by highway and
road departments to improve traction as a gut material on icy
roads and bridges. In fact, several plants gave away bottom ash
at no cost to highway or city road departments for the purpose
of skid control at a number of locations. As natural aggregates
become less available and more expensive, it is likely that
power plant bottom ash and boiler slag will become more attractive
because of their excellent traction properties, and utilities
will be able to move beyond "give-away" of this product to
active sale.

There is no major technical limitation for this use of
As it gains acceptance by engineers and as natural

aggregate use becomes less attractive, this outlet will grow

where power plants are advantageously situated and can guarantee

constant and adequate supply during crucial periods of need.

bottom ash.

Other Uses5.2.5

A growing interest is apparent at present in the use

of boiler slag grit material in cleaning - blasting replacing

This interest is not just a matter of unavailability ofsand.
sand or other commonly used material, but there are apparently

-172-



tangible technical advantages for boiler slag based upon its
properties. Bottom ash has been used to control mine subsidence,
to neutralize and abate acid mine drainage, and as a structural
fill material particularly in enbankment areas where drainage
is a problem.

Parallel to the case with fly ash, both bottom ash and
boiler slag are candidate precursor materials for mineral
extraction or trace element extraction. The demand for this use,
the technical limitations, the potential for future development
and the need for incentives are identical to those points dis-
cussed earlier in regard to fly ash.

Utilization of FGD on Scrubber Sludge5.3

The basic overview of potential uses of FGD sludge and
actual practices has already been given at the beginning of the
discussion on waste utilization. Actual use at the present time
is nil and no widespread efforts are being made to develop
utilization. There is active interest in some recovery possibilities
such as the production of elemental sulfur. However, that part-
icular potential is one awaiting research and development that
will lead to a process that is economically competitive with more
conventional sulfur production processes. The production of
sulfur and sulfuric acid will be discussed in Section 5.5.

As more FGD systems begin to utilize stabilization
procedures with landfill of sludge, the modified and stabilized
sludge might find an outlet for use in structural fills and
enbankments. Often, the stabilized sludge contains significant
amounts of fly ash either as a result of the stabilization

The structural properties of stabilized sludge aredisposal.
such that it would frequently be advantageous for landfill
involving landscaping architecture or strip mine reclamation.
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5.4 Factors Limiting Waste Utilization

A survey of current utilization of by-product material
from flue gas cleaning processes at coal-fired utility plants
indicates that there are at least three areas of resistance or
limitation to their increased use. These areas are (1) technical
limitations in comparison to alternative materials, (2) insti-
tutional barriers related to poor understanding of the by-
products and failure to develop markets by either the utility
industry or user industries, and (3) possible environmental con-
cerns related to some uses.

When one considers the growing volume of waste material
that must be dealt with in an economically and environmentally
satisfactory manner, removing or reducing these barriers becomes
a high priority item. In some instances, technical limitations
preclude further significant progress for a given application,
but in other cases basic research and development will surmount
obstacles. The most damaging barriers are apparently human and
corporate, but seemingly can be overcome by concerted efforts.
Utility companies have previously been concerned primarily with
the production of electricity. Marketing of waste by-products
has been secondary. Wastes have been viewed as a nuisance and
liability rather than as a potential asset to be sold and produced
along with electricity. Not only must the utility companies
envision the importance of marketing their waste products, but
they must aggressively develop markets with the educational pro-
cess being a key role in overcoming the reluctance on the part

of many users to use a waste product because of fears involving
chemical and physical variability of the material, lack of
specifications for its use in their manufacturing processes, and
fear of a lack of constant supply depending upon the vagaries of
plant operation. Once a market is developed, plant operations
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must be geared to accommodate the customer using the waste
product and provide maximum cooperation in regard to access to
waste facilities of loading and transportation and cooperative
efforts in monitoring quality control..

Finally, for those uses where a potential environmental
concern exists, policy decisions based upon the relative merits
of use in a particular application compared to the environmental
impact of landfilling or ponding must be made so that a climate
of uncertainty regarding future regulations does not exert an
inhibiting effect on use.
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5.5 Regenerable FGD Processes

This section will discuss regenerable FGD processes
and the possible impact that this technology could have on the
quantity and type of waste produced through flue gas cleaning
associated with coal-fired electrical generation. Regenerable
processes combine absorption of S02 by a suitable alkaline
reagent system with a second step which regenerates the sorbent
material and produces a by-product such as sulfuric acid or
elemental sulfur. In comparison, the more widely used wet
scrubbing systems throw away any solid waste produced. The
previous examination of the use of calcium sulfate/sulfite
scrubber sludge led to the conclusion that the beneficial
utilization was limited in the immediate future with no large
scale use at the present time.

In essence, the regenerable processes described here
replace large volumes of scrubber sludge with an alternative
by-product (H2SO* or S).
scrubber sludge, the comparison of throw-away systems with
regenerable processes must be made not only between the eco-
nomics of operating the systems, but the overall product pro-
cessing from regenerable processes, and specifically, the
potential market for by-products.

Given the limited utilization of

A brief description of selected regenerable processes
will be given for those processes which have the most success-
ful operating history. The following five processes have been
considered as they have or soon will be demonstrated and tested
on a coal-fired boiler of 50 megawatts rating or higher.

• Wellman-Lord
• Magnesium Oxide Slurry Adsorption

-176-



'• Aqueous Absorption with Citrate Buffering

• Integrated Cat-Ox Process

• Aqueous Carbonate Process

Following the discussion of these demonstrated systems ,
selected "advanced" technology processes which might improve
the state-of -the-art of regenerable process technology will be
identified.

Reduction of disposal waste volume is a major driving
force for regenerable processes. In part , the advantage of a
regenerable process is dependent upon this waste reduction , i. e.
a marketable by-product taking the place of a throwaway product .
The combination of growth in coal-fired capacity and more strin-
gent environmental standards will lead to very large increases
in total waste (both ash and FGD scrubber sludge) to be managed
through the balance of the century. It has been estimated,83 for
example, based upon current S02 emission standards , that if all
new units install nonregenerable FGD systems , that the wastes
produced from those plants will be approximately 20 million dry
tons annually (ash and FGD sludge) by 1980 with nearly one-half
being ash. This compares with the approximately 3 million tons
of dry FGD sludge being produced .at 1977 levels. The total wastes
would grow to be about 80 million dry tons in 1990 and 155 million
tons by 1998 if nonregenerable systems are utilized. Also , the
total waste volume would conservatively be doubled from these dry
amounts if 50 percent moisture in the wastes is assumed.

Use of regenerable FGD systems can substantially reduce
the volume of sludge produced even though total wastes (because
of ash) will still be high,

dards , it has been estimated83

regenerable systems and one-half lime/ limestone throwaway systems ,

Again , with current emission stan-
that if half the new units install
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then the total waste volume in 1990 would be 60 million tons

(dry) rather than the 80 million given above with approximately
40 million tons of the waste being ash. The total quantity of
waste still represents a significant technological challenge for
proper disposal environmentally or from the standpoint of new
developments in waste product utilization. Nonetheless, the
impact of regenerable systems is seen by the estimated 20 million
ton reduction in FGD sludge produced by the installation of re-
generable systems in only one-half the units between the present
and 1990.

Beyond reduction in the amount of FGD waste, regenerable
processes must ultimately be demonstrated as advantageous from the
standpoint of the following factors which will be discussed in
the final section dealing with the possible impact of regenerable
processes:

• Waste streams which are produced in regenerable
systems and requiring disposal

• Immediate and longer-range marketability of
possible by-products OUSOif or S)

• Feasibility of stockpiling by-products such
as elemental sulfur in'anticipation of a
future market

5.5.1 Weliman-Lord

The Wellman-Lord recovery process coupled with the
Allied Chemical SOz to S process has been in operation since
June, 1977, at Northern Indiana Public Service, Dean H. Mitchell
Plant with 115 Mw capacity. Performance testing was completed
prior to June, 1977. Actual performance data during a 12-day
acceptance test period revealed (1) 91 percent removal efficiency
for SO2 , (2) particulate emissions of 0.04 lbs/106 Btu, and (3)
production of a sulfur product of 99.9 percent purity.
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The Wellman-Lord process is based upon the reaction of
a sodium sulfite solution with SO2 to produce sodium bisulfite.
Fly ash and chlorides are removed separately and prior to S02
scrubbing. Some sodium sulfate is produced in the process and
must be purged in the regeneration process before recovered
Na2S03 is returned to the absorber. Thermal regeneration in an
evaporator to produce Na2S03, water and a concentrated stream
of SO2 is used. The S02 stream can be used to produce either
sulfuric acid or elemental sulfur.

5.5.2 Magnesium Oxide Slurry Adsorption

The magnesium oxide process has been in operation
since September, 1975, at Philadelphia Electric's Eddystone
No. 1A Plant with a generating capacity of 120 Mw. In this
particular operation, performance testing demonstrated SO2
removal efficiencies exceeding 95 percent. A 98 percent H2SO4
product was produced along with regenerated MgO to be used in
the absorption process. The H2S0<* product was marketable.
Unit reliability was disappointing during performance testing
with cumulative availability being only 32 percent with a
longest continuous run of 140 hours.

A wet scrubbing system composed of an aqueous slurry
of magnesium oxide sorbs S02 to produce magnesium sulfite,
slurry is dried and calcined to regenerate the MgO and produce

Fly ash and chlorides are removed upstream to

avoid contamination of the regenerative process,
scrubbing with utility boilers, the process is fairly mechanically
complex which has contributed to maintenance problems and low
availability.

The

an S02 stream.
When used for
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Aqueous Absorption with Citrate Buffering5.5.3

The citrate buffered absorption process was developed
by the Bureau of Mines for industrial boiler applications with
Bureau of Mines operation on a 1,000 scfm pilot unit on a lead
sintering furnace tail gas for a 2-year period. An EPA/Bureau
of Mines co-sponsored demonstration unit is scheduled to begin
operation in 1978 involving a coal-fired utility unit.

In this process, flue gas is cleaned prior to S02
absorption to remove fly ash and chlorides. The aqueous stream
carrying absorbed S02 is transported to a regenerator where it
is converted to elemental sulfur by the reaction: S02 + 2H2S t
3S + 2H20. The H2S for this regeneration reaction can be pro-
duced by reacting two thirds of the sulfur produced with a
reducing gas.

5.5.4 Integrated Cat-Ox Process

This particular regenerable process was tested exten-
sively during a demonstration program in which the Cat-Ox system

was retrofitted to the Unit No. 4 boiler at the Illinois Power
Company's Wood River Station. The Cat-Ox process utilizes cata-
lytic oxidation of S02 to SO3 using vanadium pentoxide catalyst
in a bed fixed arrangement. The S02 is then passed into a 75 to

80 percent sulfuric acid stream for absorption.

An upstream electrostatic precipitator operated at

850° to 900°(400° to 500°F above normal) removes particulates
and the heated flue gas passes across the vanadium pentoxide
bed where S02 is converted to S03 with 95 to 99 percent effi-

Even though several operational problems were encoun-ciency.
tered at the Wood River Plant, the problems should be solvable
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by design and construction changes since the components of the
process have been successfully tested. The process is not com-
plex and has low raw material and utility requirements among
demonstrated regenerable processes. However, the developer
seems to have discontinued marketing of the process.

5.5.5 Aqueous Carbonate Process

A 100 Mw FGD demonstration plant using the aqueous
carbonate process is under program planning sponsored jointly
by the Empire State Electric Energy Research Corporation and
EPA. The particular process is the one developed by Atomics
International and uses an aqueous solution of sodium carbonate
to remove S02 in a spray dryer scrubber. The process produces
elemental sulfur as a by-product utilizing solid carbon as the
reducing agent.

Even though a detailed history of demonstration does
not exist in this country the basic process has been evaluated
in detail for large coal-fired generating plants (500 and 1000
Mw) in terms of capital investment and operating costs and the
process holds promise an an advanced regenerable FGD process.

Advanced Technology Processes5.5.6

The regenerable processes described above while having
a degree of demonstrated success do have additional technological
problems to be improved upon or overcome. Beyond reliability
and efficiency in S02 removal, the systems require the maximum
mechanical and chemical simplicity possible, retrofit capability,
scale-up potential, load following capability and sub-process
separability. In addition, the economics of operation, particu-
larly raw material requirements and utility (energy) requirements
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for the regeneration step, must be competitive with the
non-regenerable processes which are currently in more wide-
spread use.

The following selected processes are new technologies
which might improve upon existing technologies.

• Aqueous Adsorption/Stearn Stripping to
produce Concentrated SO2 Stream.

• Reduction Processes for Producing Sulfur
from SO2

• Direct Reduction of Sodium Sulfur Oxides

• Advanced Technology Involving Forced
Oxidation in Throw-Away Systems

Economic Comparison of Regenerable Processes with Wet5.5.7
Scrubbing Lime/Limestone Throwaway Systems

One important factor governing the advantages of regen-
erable processes in comparison to the more widely used throwaway
systems is cost, both in terms of initial capital investment and
also in terms of annual operating expenses. In computing the cost

factor for a regenerable process, a revenue figure for by-product
sale is normally credited against the costs of collection and dis-
posal. This assumes, of course, that a market for the product
exists and that the product is of a quality to be sold as comparable
in nature to the same product from more established sources. This
may not be a valid assumption as will be discussed later, but such
revenue credits are normally assumed in computing costs for regen-
erable processes.
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Table 5-3 gives a comparison of both capital costs and
annualized operating costs for a selected group of regenerable
processes and also for limestone scrubbing. Disposal costs have
been included in the limestone scrubbing case while a credit for
product sale has been given to the regenerable processes. The
comparisons are for the same base case. Both the source of the
information and base case assumptions are given. While projec-
tions of costs are not without areas of uncertainty, the data
does illustrate that regenerable processes in many instances are
competitive economically with limestone scrubbing. As is the
case with nearly any developing technology, these processes have
met with varying degrees of success in terms of system reliability
and on line availability. In most cases the technical base exists
to "de-bug" the systems and overcome chemical and mechanical prob-
lems provided an incentive exists.

If technical problems are surmountable and costs are
roughly comparable, then the decision "for" or "against" regener-
able processes must be made on the basis of total by-product
utilization and the feasibility of marketing both bottom ash and
fly ash as well as sulfur or sulfuric acid as a by-product of
regeneration.

Possible Impact of Regenerable Processes5.5.8

It has been reported 8* that between the present and
1990, coal-fired electrical generating capacity will expand by
at least 120,000 Mw, through approximately 250 new units con-
suming 360 million tons of coal annually. The necessity of
meeting air quality standards (1978) on the coal-fired plants
will add a very significant increment to cost of generation.
The additional cost is estimated to average 40 percent of new
unit capital costs for control of all pollutants and an annual
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TABLE 5-3
COMPARISON OF CAPITAL INVESTMENT AND OPERATING COSTS FOR

FGD SYSTEMS 500 MW COAL-FIRED GENERATING PLANT*

Annualized Operating
Costs

(mills/kwh)
Capital Costs
($/kw)

96 4.27
4.64
4.26
5.89

1 . Limestone Scrubbing
Double Alkali
MgO
Wellman-Lord

1022 .
1043.
1134.

i
*»-*
Generating Plant, 907« S02 removalt
Source: Reference 85

35 wt °/a sulfur coal (dry).oo
i



operation and maintenance cost increment of 100 percent while
creating a heating rate penalty of 15 percent.
U.S. utility industry, these additional control requirements
add 60 billion to capital costs, one billion in annual opera-
ting costs and require that an additional 50 million tons of
coal be burned annually in the time period,
dramatically reveal the fact that even moderate improvements
in costs and technological efficiencies of pollution control
systems (e.g. - regenerable processes) translate into the bil-
lion dollar economic scale.

For the entire

These estimates

In terms of waste volume, the combination of growth
in coal-fired capacity and more stringent environmental stan-
dards will lead to very large increases in total waste (both ash
and FGD scrubber sludge) to be managed through the balance of
the century. It has been estimated,
current S02 emission standards that if all new units install
nonregenerable FGD systems, that the wastes produced from those
plants will be approximately 20 million dry tons annually (ash
and FGD sludge) by 1980 with nearly one-half being ash. This
compares with the approximately 3 million tons of dry FGD sludge
being produced at 1977 levels. The total wastes would grow to

be about 80 million dry tons' in 1990 and 155 million tons by
1998 if nonregenerable systems are utilized. Also, the total
waste volume would conservatively be doubled from these dry
amounts if 50 percent moisture in the wastes is assumed.

8 3 for example, based upon

Use of regenerable FGD systems can substantially
reduce the volume of sludge produced even though total wastes
(because of ash) will still be high. Again, with current emis-
sion standards, it has been estimated82 that if one-half the new
units install regenerable systems and one-half lime/limestone
throwaway systems, then the total waste volume in 1990 would be
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60 million tons (dry) rather than the 80 million given above
with approximately 40 million tons of the waste being ash. The
total quantity of waste still represents a significant techno-
logical challenge for both proper disposal and for waste product
utilization. Nonetheless, the impact of regenerable systems is
seen by the estimated 20 million ton reduction in FGD sludge
produced by the installation of regenerable systems in only one-
half the units between the present and 1990.

Generally speaking, regenerable processes are designed
in such a way that fly ash must be removed from the flue gas prior
to process of S02 removal and regeneration. Consequently, fly
ash and bottom ash are collected separately and may be maintained
as separate products from the by-product of regeneration. There-
fore, all products are potentially marketable on a segregated
basis which may be a distinct advantage. In addition, since
scrubber sludge is essentially eliminated, fly ash which might
be needed to stabilize sludge can now be marketed. In the
future, it may be necessary to utilize greater and greater

amounts of potentially saleable fly ash to stabilize scrubber
sludge if throwaway processes are being used. Therefore, it is
possible that one resultant advantage of regenerable processes
would be that more fly ash could be utilized in a direct fashion
rather than being used to stabilize FGD scrubber waste.

Beyond the need of regenerable processes to demonstrate
technical and economic competitiveness with throwaway FGD systems,

there are other limitations to be considered. As regenerable
processes undergo further development it is likely that a pre-
scrubber system (prior to S02 removal) will be necessary to

remove certain chemical species from the flue gas which would
interfere in the regeneration step with by-product manufacture.
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If such species, for example, as chloride are not removed they
ultimately would become a contaminant to a sulfur or sulfuric
acid by-product stream. The waste from such a prescrubber system

must also be disposed of in an environmentally, acceptable manner,
and although it would be a smaller stream (probably on the order
of five to ten percent as large as a typical wet scrubbing FGD
stream) it will also be expected to contain more soluble species
than a typical calcium sulfate/sulfite FGD stream. Consequently,
the prescrubber waste system must be considered as a significant
limitation on regenerable processes even though it represents

a smaller quantity. Research will be required to determine the
impact of this waste.

Perhaps, the single most significant limitation on
regenerable processes taken as a whole, is the finiteness of
markets for both sulfur and sulfuric acid as by-products. The
ability to sell by-products at a competitive price is obviously
a crucial principle in the desirability and feasibility of any
regenerable process. Beyond certain specific locations where
a local market may appear to exist, there does not appear to be
a sufficient market in the immediate future for the sulfur or
sulfuric acid that would be produced if all of the current units
equipped with throwaway FGD systems were replaced with a regener-
able process. This can be illustrated in the case of sulfuric
acid.

Projections indicate that the United States consumption
of sulfuric acid will be about 43 million tons 06 by 1980 and that
existing technology for its production can meet this need. There
are approximately 100 producers now at 200 locations. In an
earlier section, two base case electrical generating plants were
designed. Both were for 1000 Mw coal-fired generating plants
with 80 percent on-stream plant factors and 35 percent thermal
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efficiency. The amount of sulfuric acid that could be produced
each year for each plant was calculated assuming that both could
be operated at 90 percent efficiency for SO2 collection and at
90 percent efficiency for conversion of SO2 to sulfuric acid by-
product. Case 1 assumed the burning of an eastern bituminous
coal (11,000 Btu/lb heating value and 3% sulfur with 95% of ,S
emitted as SO2) and Case 2 the burning of a western sub-bitumi-
nous coal (9,000 Btu/lb heating value and 0.80% sulfur with 95%
of S emitted as SO2). The amounts of sulfuric acid produced
annually under each case with the assumptions given above were:

Case 1 - 220,000 tons annually
Case 2 - 72,000 tons annually

For Case 1, the 220,000 tons of H2SO4 produced repre-
sents 0.5 percent of the expected 1980 consumption of mS04 and
the 72,000 tons for Case 2 represents 0.17 percent of that total.
It has been estimated that coal-fired capacity will increase by
120,000 Mw between the present and 1990. If all new capacity

involved SO2 removal by regenerable processes producing H2SO4

with conditions approximating those above, then the H2SO4
produced under Case 1 conditions would be 26,400,000 tons and
8,640,000 tons under Case 2. These amounts would represent 61.3
percent and 20.1 percent of the 1980 H2SO4 consumption. While
it is expected that a growth in H2SO4 consumption will occur
between 1980 and 1990, the above amounts indicate that total
conversion of a coal-fired capacity to H2SO4 producing regener-
able processes would have the effect of producing approximately
40 percent of the total consumed for a rough average.

Because existing sources of H 2SO 4 production are
expected to keep pace with needs through 1990, it is probable
that the marketing of power plant by-product H2SO 4 will be
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highly site-specific. There will undoubtedly be situations
where some utility plants will find a strong local market for
by-product HzSOc* because existing manufacturers are not supplying
a given local need. In other instances, it is likely that the
market would be saturated, thus making penetration difficult.

Production of sulfur and sulfuric acid must be con-
sidered as interrelated. Approximately 81 percent of H2SO4 is
produced with elemental sulfur as the raw material. Sulfur also
has large outlets for use in diesel fuel treatment, fertilizers,
hydrotreating, insecticides and as a vulcanizing agent in rubber
manufacture. Presently, most U.S. sulfur is mined by the Frasch
process from .underground deposits along the Gulf Coast. It is
expected that these deposits will be largely depleted by the end
of the century. Therefore, beyond 1980, it is expected that
sulfur from the burning of fossil fuels or extracted from large
deposits of gypsum will be looked to as primary sources. Because
of the importance of H2SO4 and hence sulfur to the U.S. economy,

it is possible that the marketability of by-product sulfur or
sulfuric acid from regenerable SO2 removal processes could become
considerably enhanced. Therefore, stockpiling might be one
alternative for utilities which could not find an immediate mar-
ket outlet for by-product sulfur. Stockpiling of sulfuric acid
is not considered highly likely because of technical problems,
but stockpiling of elemental sulfur would be feasible if incen-
tives existed. Based upon realistic needs by the end of the
century, stockpiling of elemental sulfur produced in a regener-
able FGD process on coal-fired electrical generating plants could
very well be in the national interest. Governmental policy might
be needed to create an incentive for the utilities to handle S02
emissions in such a manner.
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APPENDIX A

INVENTORIED COAL-FIRED CAPACITY
BY STATE FOR 1976

(Includes some units which may have been
under construction and some which, while equipped

to bum coal, had little or
no coal consumption.)
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APPENDIX B

SIZE DISTRIBUTION OF COAL-FIRED CAPACITY
BY STATE FOR 1976

(Includes some units which may have been
under construction and some which, while equipped

to burn coal, had little or
no coal consumption.)
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APPENDIX C

INVENTORIED COAL-FIRED CAPACITY
BY EPA REGION, STATE AND PLANT FOR 1976

(Includes some units which may have been
under construction and some which, while equipped

to bum coal, had little or
no coal consumption.)
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EPA REGION I

(Connecticut, Maine, Massachusetts,
%

New Hampshire, Rhode Island, Vermont)
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STATE: Connecticut

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

No coal-fired capacity
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STATE: Maine

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

No coal-fired capacity.
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STATE: Massachusetts

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITYPLANT

NAME (MW) (MW)OWNER(S)

l47.39
1611.25
805.25
228.23

27.25
1600.25
805.25
209.64

Holyoke Water Power Co.
New England Power Co.
New England Power Co.
Western Mass. Electric Co.

Riverside
Brayton Point

Salem Harbor

West Springfield

i Riverside Plant has 2 700 lb. coal boilers and 2 200 lb. oil boilers on a
single low pressure header to produce low pressure steam. Electricity is
generated only in the winter.
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STATE: New Hampshire

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

459506Public Service Co. of N. H.Merrimack
i
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STATE: Rhode Island

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

132 132Narragansett Electric Co.
Narragansett Electric Co.

Manchester Street,

62.5110.88South Street
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STATE: Vermont

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

No coal-fired capacity.
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EPA REGION II

(New Jersey, New York)
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STATE: New Jersey

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME ( MW)OWNER(S) (MW)

437.605 275Atlantic City Electric Co.
Atlantic City Electric Co.
Public Service Elec. & Gas Co.
Public Service Elec. & Gas Co.
Public Service Elec. & Gas Co.
Public Service Elec. & Gas Co.

England

Deepwater
Bergen

Burlington

Hudson
Mercer

306 226
650.432712
455 •1017.65

1229.68 1114.48
652.8768
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STATE: New York

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME (MW)(MW)OWNER(S)

145.75145.75New York SCaCe Elec. & Gas Co.
New York State Elec. & Gas Co.
New York State Elec. & Gas Co.
New York State Elec. & Gas Co.
New York State Elec. & Gas Co.
Nlagara-Mohawk Power Co.
Niagara-Mohawk Power Co.
Rochester Gas & Electric Corp.
Rochester Gas & Electric Corp.
Orange & Rockland Utilities, Inc

Goudey

Greenidge

Hlckling

Jennlson

Milliken
Huntley

Dunkirk
Rochester if 3 (Beebe)

Rochester if 7 (Russell)

Lovett

170170
7070
6060

270275.5
720.7
560.7
215.2
252.6
496.7

720
560
215.2
252.6
496.7
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EPA REGION III

(Delaware, District of Columbia, Maryland,
Pennsylvania, Virginia, West Virginia)
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STATE: Delaware

TOTAL
COAL-FIRED
CAPACITY

TOTAL
PLANT
NAME

CAPACITY
(MW) (MM)OWNER(S)

340Delmarva Power & Light

Delmarva Power & Light

340Indian River
Delaware City 119.5119.5
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STATE: District of Columbia

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITY

I

PLANT
NAME (MW)(MW)OWNER(S)

No coal-fired capacity.
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STATE: Maryland

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

1112Pocomac Electric Power Co.
Potomac Electric Power Co.

1360Morgantown

Chalk Point 12621310
548561Dickerson Potomac Electric Power Co.

Potomac Edison Co.
Baltimore Gas & Electric Co.

109.5
321.5

109.5
1004.8

Smith
Wagner
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STATE: Pennsylvania

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME (MW)OWNER(S) (MW)

Elrama
• Phillips

Cheswick
Portland
Titus
Crawford
Front Street
Homer City
Seward
Shawville
Warren
Williamsburg
Conemaugh
Brunner Island
Holtwood
Martins Creek
Sunbury
Montour
New Castle
Eddystone
Southwark
Barbadoes
Chester
Cromby
Delaware
Richmond
Armstrong
Mitchell
Springdale
Hatfield's Ferry
Hunlock Creek
Keystone

Duquesne Light Co.
Duquesne Light Co.
Duquesne Light Co.
Metropolitan Edison C o. L
Metropolitan Edison Co.1

Metropolitan Edison Co.
Pennsylvania Electric Co.
Pennsylvania Electric Co.2

Pennsylvania Electric Co.
Pennsylvania Electric Co.
Pennsylvania Electric Co.
Pennsylvania Electric Co.
Pennsylvania Power & Light Co. 3

Pennsylvania Power & Light Co.
Pennsylvania Power & Light Co.
Pennsylvania Power & Light Co.
Pennsylvania Power & Light Co.
Pennsylvania Power & Light Co.
Pennsylvania Power Co.
Philadelphia Electric Co.
Philadelphia Electric Co.
Philadelphia Electric Co.
Philadelphia Electric Co.
Philadelphia Electric Co.
Philadelphia Electric Co.
Philadelphia Electric Co.
West Penn Power Co.
West Penn Power Co.
West Penn Power Co.
West Penn Power Co.1*
UGI Corp.
Jersey Central Power & Light 5

425 425
315 315
525 525
426.7 426.7
225 225

46.7
118.8

116.7
118.8

13201326
280.23 280.23
646 640
135.7 84.6

2525
1882.9
1566.98
183.2

1168.5
415.28

1641.7
431.3

1872
1558.73

75
1163
409.78

1641.7
425.8

1463 665
422.75
192.75
174.75
353.75
318.75

356
134
124
351
250
275909

326.4
448.7
215.38

326.4
299.2
215.38

1728 1728
45.6 45.6

16801680

Pennsylvania Electric Co.
New York State Electric & Gas Co.

Co-owner:
2 _

Co-owner:
3 Co-owners: Pennsylvania Electric C o.; Potomac Electric Power C o. ; Atlantic City

Electric C o. ; Baltimore Gas & Electric C o. ; Delmarva Power & L i g h t C o. ;
Public Service Electric & Gas of N.J. ; Metropolitan Edison C o. ;
Philadelphia Electric Co.

Potomac Edison C o. ; Monongahela Power Co.
Pennsylvania Power & Light ; Atlantic City Electric C o. ; Baltimore
Gas & Electric; Public Service Electric & Gas C o. ; Delmarva Power
& Light ; Philadelphia Electric Co.

u Co-owner:
5 Co-owners:
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STATE: Virginia

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME OWNER(S) (MW)(MW)

669 669Clinch River

Glen Lyn
Brantly

Appalachian Power Co.
Appalachian Power Co.
City of Danville , Water, Gas &
Electric
Potomac Electric Power Co.
Virginia Electric Power Co.
Virginia Electric Power Co.
Virginia Electric Power Co.
Virginia Electric Power Co.
Virginia Electric Power Co.

337.5
39.13

337.5
29

458 458Potomac River
Bremo Bluff
Chesterfield
Portsmouth

254.28
1484.4
649.64

254.28
1484.4
649.64

1469 1373Possum Point

1257 375Yorktown
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ST^TT; West Virginia

TOTAL
COAL-FIREDCAPACITY

TOTAL
PLANT
NAME

CAPACITY
(MW) (MW)OWNER(S)

170 170Appalachian Power Co.
Appalachian Power Co.
Appalachian Power Co.1

Appalachian Power Co.
Monongahela Power Co.
Monongahela Power Co.2
Monongahela Power Co.
Monongahela Power Co.
Monongahela Power Co.2
Ohio Power Co.
Ohio Power Co.
Virginia Electric Power Co.

Cabin Creek * ».
426 426Kawawha River

2775.2 2775.2Amos '

Philip Sporn

Albright

Fort Martin

Rivesville

Willow Island

i 1060 1060
209.25 209.25

11521152
109.75109.75
215215

2052 2052Harrison

675 675Rammer
1498.18
1681.07

1498.18
1662.48

Mitchell

Mt. Storm

i Ohio Power Co.Co-owner:
2 Co-owner: West Penn Power Co.

Potomac Edison Co.
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EPA REGION IV

(Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina, South Carolina,

Tennessee)
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STATE: Alabama

TOTAL
COAL-FIKED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

McWilliams
Tomblgbee

Barry

Chickasaw

Alabama Electric Co-op
Alabama Electric Co-op
Alabama Power Co.
Alabama Power Co.
Alabama Power Co.
Alabama Power Co.
Alabama Power Co.
Alabama Power Co.
Tennessee Valley Authority

Tennessee Valley Authority

55.28 40
75 75

15251525
120 120

880Gaston 880
Gadsen 120 120

1341.25Gorgas

Greene County

Colbert
Widows Creek

1341.25
l 500500

1396.5
1977.99

1396.5
1977.99

1 Co-owner: Mississippi Power Co.
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STATE: Florida

TOTAL
COAL-FIFEDCAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

Florida Power Co. 523.8964.3Crystal River

Crist

Smith

1045 970Gulf Power Co.
Gulf Power Co.
Gulf Power Co.
Tampa Electric Co.
Tampa Electric Co.

305344.4
8080Scholz

1076 1062Gannon

10521196Big Bend
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STATS: Georgia

TOTAL
GOAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME OWNER(S) (Ml (MW)

190.58
318.72

Arkwright

Atkinson

Hammond
McDonough

Mitchell

160Georgia Power Co.
Georgia Power Co.
Georgia Power Co.
Georgia Power Co.
Georgia Power Co.
Georgia Power Co.
Georgia Power Co.
Georgia Power Co.1

Georgia Power Co.
Crisp County Power Comm.

240
800 800
568.8
288.2

490
170

1250Yates 1250
2319.4 2280.0Bowen

833 833Wansley

Harllee Branch

Plant Crisp & Crisp
Hydro

1539.7 1539.7
30.5 12.5

1 Co-owner: Munic. Electric Authority of Georgia
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STATE: Kentucky

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW) (MW)OWNER(S)

455 455Coleman Big Rivers Electric Corp.
Big Rivers Electric Corp.1

East Kentucky Power Co-op
East Kentucky Power Co-op
Henderson Municipal Power & Light

Kentucky Power Co.
Kentucky Utilities Co.
Kentucky Utilities Co.
Kentucky Utilities Co.
Kentucky Utilities Co.

/

Kentucky Utilities Co.
Louisville Gas & Electric Co.
Louisville Gas & Electric Co.
Louisville Gas & Electric Co.
Owensboro Public Utilities

Owensboro Public Utilities

370 370Reid
354 354Cooper

Dale
Henderson #1

Big Sandy

Brown

194 194

51.5 49.5

1002.6 1002.6

706 706

525 525Ghent

242 242Green River

34 34Pineville (4 mile)
Tyrone

Cane Run
Paddy's Run

Mill Creek

Smith

Owensboro //1

137 75
1004 988

316360
660 660

415 415
45 45

l Co-owner: Henderson Municipal Power & Light
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STATE: Mississippi

TOTAL
TOTAL COAL-FIREDCAPACITY CAPACITYPLANT

. NAME (MW)(MW)OWNER(S)

No coal-fired capacity.
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STATE: North Carolina

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

465 381Carolina Power & Light Co.
Carolina Power & Light Co.
Carolina Power & Light Co.
Carolina Power & Light Co..
Carolina Power & Light Co.
Carolina Power & Light Co.
Duke Power Co.
Duke Power Co.
Duke Power Co.
Duke Power Co.
Duke Power Co.
Duke Power Co.
Duke Power Co.

Cape Fear
Asheville 392 392

407498Lee
17051720Roxboro

Weatherspoon

Sutton

314 176
652 607

2200 2200Belews Creek

Buck 488 364
770770Cliffside
284369Dan River

2025 2025Marshall
454678River Bend

1140 1140Allen
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T

STATE: South Carolina

TOTAL
TOTAL COAL-FIRED

CAPACITY CAPACITYPLANT
NAME (MW)OWNER(S) (MW)

174 •854Carolina Power & Light Co.
Duke Power Co.
South Carolina Electric & Gas Co.
South Carolina Electric & Gas Co.
South Carolina Electric & Gas Co.
South Carolina Electric & Gas Co.
South Carolina Electric & Gas Co.
South Carolina Public Serv. Auth.
South . Carolina Public Serv. Auth.

Robinson

Lee

Wateree

Parr
Canadys

McMeekin
Urquhart
Grainger

Jefferies

323383
771.8771.8

87.38
489.6
293.76

72.5
489.6
293.76
250250
163.2
445.6

163.2
578.2
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STATE: Tennessee

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME (MW)(MW)OWNER(S)

Allen Tennessee Valley Authority

Tennessee Valley Authority

Tennessee Valley Authority

Tennessee Valley Authority

Tennessee Valley Authority

Tennessee Valley Authority

Tennessee Valley Authority

Tennessee Valley Authority

990 990
Bull Run 950 950

1255.2
846.5

1723.5

1255.2
846.5

1723.5

Gallatin
Sevier
Kingston

Watts Bar 240 240
2600Cumberland 2600
1485.2 1485.2Johnsonville
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EPA REGION V

(Illinois, Indiana, Michigan, Minnesota,
Ohio, Wisconsin)
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IllinoisSTATE:

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME ( MW)(MW)OWNER(S)

1005.46
194.64

Coffeen
Grandtower
Hutsonville
Meredosla
Edwards
Wallace
Kincaid
Powerton
Will County
Fisk
Crawford
Dixon
Joliet
Waukegan
Joppa
Hennepin
Vermillion
Baldwin
Wood River
Marion
Dallman
Lakeside
Fairfield
Venice #2
Winnetka
Mt. Carmel

1005.46
194.64

Central Ill. Pub. Serv.
Central Ill. Pub. Serv.
Central Ill. Pub. Serv.
Central Ill. Pub. Serv.
Central Ill. Light Co.
Central Ill. Light Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Commonwealth Edison Co.
Electric Energy, Inc.
Ill. Power Co.
Ill. Power Co.
Ill. Power Co.
Ill. Power Co.
South Ill. Power Co-op
Springfield Water, Light & Power
Springfield Water, Light & Power
Fairfield Munic. Elec. Dept.
Union Electric Co.
Village of Winnetka
Mt. Carmel Public Utility Co.

150200
354.36564.06
725725
275275

1319.4
1785.6
1268.85
546.58
597.52

1319.4
1785.6
1268.85

860.58
805.12
122.2

1944.8
1084.75

119
1787.4

932.75
10411041

311311
186186

18151815
651651
114114
160160
141141

16.5 16.5
500500
25.525.5
1515
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STATE: Indiana

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW) (MW)OWNER(S)

State Line
Crawfordsville
Washington Ave.
Ratts
Breed
Tanners Creek
Twin Branch
Clifty Creek
Stout
Pritchard
Perry
Petersburg
Logansport
Bailly
D. H. Mitchell
Michigan City
Peru
Edwardsport
Noblesville
Gallagher
Wabash River
Cayuga
Whitewater Valley
Culley
Warrick #4
Jasper
Washington

967.69Commonwealth Edison Co.
Crawfordsville Elec. Lt. & Power
Frankfort City Lt. & Power Dept.
Hoosier Eng. Dlv. Ind. State. Rec.
Indiana & Michigan Elec. Co.
Indiana & Michigan Elec. Co.
Indiana & Michigan Elec. Co.
Indiana Kentucky Elec. Co.
Indianapolis Power & Light Co.
Indianapolis Power & Light Co.
Indianapolis Power & Light Co.
Indianapolis Power & Light Co.
Logansport Munlc. Utilities
Northern Indiana Public Serv.
Northern Indiana Public Serv.
Northern Indiana Public Serv.
City of Peru Utilities
Public Service Co. of Indiana
Public Service Co. of Indiana
Public Service Co. of Indiana
Public Service Co. of Indiana
Public Service Co. of Indiana.
Richmond Power & Light
Southern Indiana Gas & Electric
Southern Indiana Gas & Electric
Jasper Munic. Elec. Utilities
Washington City Lt. & Power

967.69
23.5 23.5
50 32.5

233.2 233.2
450 450
1098 1098

237.5244.76
l 1290 1290

777.85 704.35
361.25364

58.5 58.5
649.58 641.43
56 39

649.5
581.6

615.6
529.4

736 736
37 37
165 165
106 106

637637
889 881
1024 1013

9393
414.93
161.5

414.93
161.5
14.5 14.5
18 18

1 Co-owner: Ohio Valley Electric Corp.
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STATE; Michigan

TOTAL
TOTAL COAL-FIRED

CAPACITY CAPACITYPLANT
NAME ( MW)OWNER(S) (MW)

510.6510.6Cobb
Morrow
Kara
Campbell
Weadock
Whiting
Mistersky
DeYoung
Eckert
Erickson
Ottawa
Advance
Harbor Beach
Marysville
River Rouge
St. Clair
Monroe
Conners Creek
Pennsalt
Trenton Channel
Wyandotte North
Port Huron
Warden
Presque Isle
Escanaba
Wyandotte
Shiras (Marquette)

Consumers Power Co.
Consumers Power Co.
Consumers Power Co.
Consumers Power Co.
Consumers Power Co.
Consumers Power Co.
City of Detroit Pub. Ltng.
Holland Brd. Pub. Wrks.
Lansing Brd. of Water & Light
Lansing Brd. of Water & Light
Lansing Brd. of Water & Light
Northern Michigan Elec. Co-op
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Detroit Edison Co.
Upper Peninsula Power Co.
Upper Peninsula Power Co.
Upper Peninsula Power Co.
City of Wyandotte
Marquette Brd. Lt. & Power

186221
11351135

650670.6
635.1
345.6

614.5
325

80204
77.7597.75

386386
165165
81.582.7
4040

121125
200200

852.5 260
14501798

3024.35
495.5

3010.6
490

3737
700713.75

41.5
11.75

41.5
6.25

17.7 17.7
l 338.87

28.88
338.87
28-. 88

4964
36.356.88

l Co-owner: Upper Peninsula Generating Co.
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STATE: Minnesota

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME OW) (MW)OWNER(S)

110 110Aurora (Syl Laskln)

Boswell
King

Black Dog

High Bridge

Minnesota Valley

Riverside
Wilmarth
Red Wing

New 01m

Silver Lake

Elk River

Plant #1

Wlllmar
Hoot Lake

Ortonville Gener. Plant Otter Tail Power Co.

Minn. Power & Lt. Co.
Minn. Power & Lt. Co. 492.6492.6

560North. States Power Co. 560
412 412North. States Power Co.
339 339North. States Power Co.

4747North. States Power Co.
334 334North. States Power Co.
25 25North. States Power Co.
25 25North. States Power Co.

New Ulm Publ. Utilities Comm.
Rochester Dept. Public Utilities

United Power Assn.
Virginia Dept. Pub. Utils.
Wlllmar Municipal Pub. Utils.
Otter Tail Power Co.

5153.5
101 101

68 45.5
34.5 34.5

29.3529.35
128 127

1515
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STATE: Ohio

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME (MW)(MW)QWNER(S)

1190Ohio Power Co.1

Ohio Power Co.
Ohio Power Co.
Ohio Power Co.
Ohio Power Co.
Cleveland Elec. Illuminating
Cleveland Elec. Illuminating
Cleveland Elec. Illuminating2

Cleveland Elec. Illuminating
Columbus & Southern Ohio Elec.
Columbus & Southern Ohio Elec.
Columbus & Southern Ohio Elec.
Ohio Edison Co.
Ohio Edison Co.
Ohio Edison Co.
Ohio Edison Co.
Ohio Edison Co.
Ohio Edison Co.
Ohio Edison Co.
Ohio Edison Co.
Ohio Electric Co.
Ohio Valley Elec. Corp.
Plqua Mun. Power System
Cinncinnati Gas & Elec. Co. 3

Cinncinnati Gas & Elec. Co.4

Clnncinnatl Gas & Elec. Co.4

Cinncinnati Gas & Elec. Co. 4

Dayton Power & Light
Dayton Power & Light
Toledo Edison Co.
Toledo Edison Co.
Orrville Municipal Util.
Palnesville Elec. Div.
City of Columbus
Hamilton Municipal

1190Cardinal
Muskingum River
Philo*
Tidd
Woodcock
Ashtabula
Avon Lake
East Lake
Lake Shore
Conesvllle
Picway
Poston
Edgewater
Gorge
Mad River
Niles
Burger
Tomto
Sannuls
Norwalk
Gavin.
Kyger Creek
Piqua
Miami Fort
Beckjord
Conesville #4
Stuart
Hutchings
Tait
Bayshore Station
Acme
Orrville
Palnesville
Columbus
Hamilton

1466.8 1466.8V \

295 295
222.22 222.22

42.542.5
640 440

1307 1117
12571289

514518
850.25
422.02
245.75
242.97

836.5
170.75
232
192.87

87.5 87.5
134.92
279.96
550.42
175.75

1990.24
32.38

75
250
544
175.75

1979.54
31.38

2600 2600
10751075

59 39
8441051

1432.8
825.05

2451.15

1188
825.05

2440
414447
449460
639.48
307.5

655.48
307.5

88.589.1
56.5
52.6

56.5
39.5t
78147.75

* In deactivated reserve - 12/76.
f Assumed based on multi-fuel from Elec. World Dir , of Utilities 1977-1978
1 Co-owner:
2 Co-owner:
3 Co-owner:
4 Co-owner:

Buckeye Power , Inc.
Duquesne Light Co.
Dayton Power & Light
Columbus & Southern Ohio Elec. Co. ; Dayton Power & Light
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WisconsinSTATE:

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME OWNER(S) (MW)(MW)

208 208Alma
Genoa //3
Stoneman
Bay Front
Manitowoc
River Street
North Oak Creek
Port Washington
South Oak Creek
Valley
East Wells B
Edge Water
Dewey
Rock River
Blackhawk
Columbia #1
Blount Street
Wildwood
Pulliam
Weston

Dairyland Power Co-op
Dairyland Power Co-op
Dairyland Power Co-op
Lake Superior Dist. Power Co.
Manitowoc Pub. Utilities
Menasha Elec. & Water Util.
Wisconsin Electric Power Co.
Wisconsin Electric Power Co.
Wisconsin Electric Power Co.
Wisconsin Electric Power Co.
Wisconsin Elec. Power Co.
Wisconsin Power & Light Co.
Wisconsin Power & Light Co.
Wisconsin Power & Light Co.
Wisconsin Power & Light Co.
Wisconsin Power & Light Co.2

Madison Gas & Electric
Marshfield Elec. & Water Dept.
Wisconsin Public Service Corp.
Wisconsin Public Service Corp.

350 350
5252

82.2 82.2
6969

33.49 32.64
500500
400420
11701190
269.67272.42

13.7 13.7
l 449.94 449.94

200 200
333.9 150
50.4 50

521521
195.5 195.5*
41.5 29

372.5392.5
135 135

from Electrical World Dir, of Utilities 1977-1978* Assumed based on multi-fuel
l Wisconsin Public

Wisconsin Public
Service Co.
Service Co.; Madison Gas & Electric

Co-owner:2 Co-owner:
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EPA REGION VI
(Arkansas, Louisiana, New Mexico, Oklahoma, Texas)
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STATE: Arkansas

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITYPLANT

NAME OWNER(S) (MW) (MW)

No coal-fired capacity
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STATE: Louisiana

TOTAL
TOTAL COAL-FIRED

CAPACITY CAPACITYPLANT
SAME (MW)OWNER(S) (MW)

No coal-fired capacity

1
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STATE: New Mexico

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

Arizona Public Service Company1

Public Service Company of N.M.2
Raton Public Service Co.

2208.2Four Comers
San Juan

2208.2
652 652
12 12Raton

i Tucson Gas & Electric
Southern California Edison
Public Service Company of New Mexico
Salt River Project
El Paso Electric

Co-owners:

2Co-owners: Tucson Gas & Electric
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STATE: Oklahoma

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

No coal-fired capacity
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STATE: Texas

TOTAL
COAL-FISED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

1Texas Power & Light Company

Texas Power & Light Company1
1150 1150Big Brown

Monticello 1150 1150

lCo-owners: Dallas Power & Light
Texas Electric Service Company
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EPA REGION VII
(Iowa, Kansas, Missouri, Nebraska)
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STATS: Iowa

TOTAL
COAL-FIEED
CAPACITY

TOTAL
CAPACITYPUNT

NAME (MW)(MW)OWNER(S)

Interstate Power Company

Interstate Power Company

Interstate Power Company

Iowa Southern Utilities Company

Iowa Southern Utilities Company

Muscatine Brd. of Wtr. & Lt.
Pella Munic. Pvr. & Lt.
Cornbelt Power Co-op
Combelt Power Co-op
Eastern Iowa Lt & Pwr Co-op
Iowa Electric Lt & Pwr

Iowa Electric Lt & Pwr
Iowa Electric Lt & Pwr
Iowa Electric Lt & Pwr
Iowa-Illinois Gas & Elec. Co.
Iowa Public Serv. Co.
Iowa Public Serv. Co.
Iowa Public Serv. Co.
Iowa Public Serv. Co.
Iowa Public Serv. Co.
Iowa Pwr.& Light Co.
Iowa Pwr.& Light Co.

61.5Lansing

Kapp

Dubuque

Bridgeport

Burlington

Muscatine

Pella
Humboldt

Wisdom

Fair

Boone
Sixth Street
Prairie Creek #4
Sutherland

59.5
227.28 212.28

77 58*
71 71
211.95 211.95

108 108
43.5 43.5
49 49

39 39
55 55
27 27

105 105
140 140
149.5 149.5
283.41Riverside 201.65

iNeal 1022.94 1017.44
Maynard

Hawkeye

Carrol

Eagle Grove

Council Bluffs

77.4 77.4

19 19
10 '10

7.5 7.5
138.7 138.7
276.9Des Moines 276.9

*Single header unit - 3 of the 4 boilers on the header can bum coal.
1Co-owners: Iowa Power & Light

Iowa-Illinois Gas & Elec. Co.
Iowa Southern Utilities
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STATE: Kansas

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

Neosho

La Cygne

Riverton
Kaw

Qulndaro //2
Quindaro #3

Lawrence

Tecumseh

Kansas Gas & Electric

Kansas City Pwr.& Lt.1

Empire Dist. Elec. Company

Kansas City Brd. of Pub. Utils.
Kansas City Brd. of Pub. Utils.
Kansas City Brd. of Pub. Utils.
Kansas Pwr & Lt. Company

Kansas Pwr & Lt. Company

113.5 40*
858.7
157.5

858.7

80

156 156

164 45
228 228

575.7 529.7

378 220

*Coal units on cold reserve.
Co-owner: Kansas Gas & Electrici
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STATE: Missouri

TOTAL
COAL-FIEED
CAPACITY

TOTAL
CAPACITYPLANT

NAME OWNER(S) (MW) (MW)

Asbury Empire District Elec. Co.
Kansas City Pvr & Lt.
Kansas City Pvr & Lt.
Kansas City Pvr & Lt.
Kansas City Pvr & Lt.
Missouri Public Serv. Co.
Missouri Pub. Serv. Co.
Union Elec. Co.
Union Elec. Co.
Union Elec. Co.
Union Elec. Co.
Fulton Brd. Pub. Wrks.
Associated Elec. Co-op
City of New Madrid 1

Columbia Water & Lt Dept

St. Joseph Lt & Pwr Co.

200 200
546 546Montrose

Northeast 468 135
Grand Ave 99 99
Hawthorn 836 836
Green 49.5 49.5
Sibley

Rush Island
523.5
555.04

523.5
555.04

Sioux 978 978
Labadie 2220 2220
Meramec
Fulton #2
Thomas Hill
New Madrid

Columbia

Lake Road (Lakeside)

800 800
44.15 11.5

483 303
600 600

97.5 85
235.5 150.5

i Co-owner - Associated Electric Co-op
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NebraskaSTATE:

TOTAL
TOTAL COAL-FIREDCAPACITY CAPACITYPLANT

NAME (MW) (MW)OWNER(S)

113 113Nebraska Public Power DistrictKramer
225 225Nebraska Public Power District

Omaha Public Power District

Sheldon
North Omaha 600 600
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EPA REGION VIII

(Colorado, Montana, North Dakota
South Dakota, Utah, Wyoming)
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STATE: Colorado

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME OWNER(S) (MW)(MW)

Salt River Project 1

Colorado-Ute Electric Assoc.
Public Service Co. of Colorado
Public Service Co. of Colorado
Public Service Co. of Colorado
Public Service Co. of Colorado
Cent. Telephone & Utility Corp.
City of Colorado Springs

465.4
34.5 . 465.4Hayden

Nuda
Comanche
Arapahoe
Cameo
Cherokee
Canon City
Drake

34.5
700 700
232 232
66 66

715.5
42.35

710.0
42.35

264 264

1Co-owner: Colorado UTE Electric Association
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STATE: Montana

TOTAL
COAL-FIRED
CAPACITY

TOTAL
PLANT
NAME

CAPACITY
OWNER(S) (MW) (MW)

50Montana-Dakota Utilities
Montana Power Company1
Montana Power Company1

Lewis and Clark
Colstrip
Corette

50
716.74
172.8

716.74
172.8

iCo-owner: Puget Sound Power and Light Company
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STATE: Norch Dakota

TOTAL
GOAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW) (MW)OWNER(S)

Leland Olds
Neal
Young
Heskett
Beulah
Stanton

Basin Electric Power Co-op
Basin Electric Power Co-op
Minnkota Power Co-op
Montana-Dakota Utility Co.
Montana-Dakota Utility Co.
United Power Association

650 650
30 30

240 240
100 100
13.5 13.5

172 172
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STATE: South Dakota

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

31.5 31.5Black Hills Power & Light Co.
Black Hills Power & Light Co.
Northwestern Public Serv. Co.
Northwestern Public Serv. Co.
Northwestern Public Serv. Co.
Northern States Power Company

Kirk
Ben French
Big Stone
Aberdeen Gen. Pit.
Mitchell Gen. Pit.
Lawrence

2232
l 419.4 419.4
i 7.57.5
i 7.57.5

45 45

1Co-owners: Otter Tail Power Company
Montana-Dakota Utilities Company
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STATE: Utah

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

166 166Utah Power & Light Company
Utah Power & Light Company
Utah Power & Light Company
Utah Power & Light Company
Cal.-Pacific Utility Company

Carbon
Huntington #2
Gadsby
Hale
Cedar Steam

446.4 446.4
241 241

62.75 62.75
7.57.5
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STATE: Wyoming

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

Black Hills Power & Light Co.
Black Hills Power & Light Co.
Pacific Power & Light Company1

Pacific Power & Light Company
Utah Power & Light Company

27.68 27.68Simpson
Osage
Jim Brldger
Johnston
Naughton

35.5 34.5
1525.67

750.31
707.2

1525.67
750.31
707.2

iCo-owner: Idaho Power and Light

-254-



EPA REGION IX

(Arizona, California, Nevada)
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ArizonaSTATS:

TOTAL
COAL-FIRED

CAPACITY
TOTAL

CAPACITYPLANT
NAME (MW) (MW)OWNER( S)

*» \

75168Arizona Elec. Power Co-op

Arizona Public Service Co.
i

Salt River Project1

Apache

Cholla
Navajo

116116
22502250

1 Co-owner: Los Angeles Dept , of Water & Power; U. S. Bureau of Reclamation ;
Arizona Public Service; Nevada Power C o. ; Tucson Gas & Electric
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CaliforniaSTATE:

TOTAL
COAL-FIREDCAPACITY

TOTAL
CAPACITYPLANT

SAME (MW)0WNER.CS) (MW)

w ,

No coal-fired capacity.
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STATE: Nevada

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME OWNER(S) (MW)(MW)

330330Nevada Power Co°
Nevada Power Co.1

Gardner
15801580Mohave

i Southern California Edison Co.; Los Angeles Dept, of Water &
Power; Salt River Project

Co-owners:
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EPA REGION X

(Idaho, Oregon, Washington)
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IdahoSTATE:

TOTAL
COAL-FIREDTOTAL

CAPACITY CAPACITYPLANT
NAME (MW)(MW)OWNZR(S)

No coal-fired capacity.
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OregonSTATE:

TOTAL
TOTAL COAL-FIREDCAPACITY CAPACITYPLANT

NAME (MW)(MW)OWNER(S)

No coal-fired capacity.
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STATE: Washington

TOTAL
COAL-FIRED
CAPACITY

TOTAL
CAPACITYPLANT

NAME (MW)OWNER(S) (MW)

Pacific Power & Light Co.1 1329.8 1329.8Ceatralia

I Washington Water Power Co.; Puget Sound Power & Light Co.;
Portland General Electric Co.; City of Seattle; City of Tacoma;
P.U.D. No. 1 of Snohomish County; P.U.D. No. 1 of Gray Harbor
County

Co-owners:
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APPENDIX D

ELECTRIC UTILITY CAPITAL AND
MAINTENANCE EXPENSE DATA
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1978 ELECTRIC UTILITY CAPITAL EXPENDITURES

% Co-op'8 % Federal
Agencies

Total Capital
Spending

(millions of dollars)

% Investor-
Owned

% Muni, State,
and PPD's

Geographical Region

3.196.0963.0

3,318.0

6,406.0

4,052.9
4,613.4

2.670.1
3,939.0

2.183.1
4.542.2

0.9New England

Middle Atlantic 1.20.198.7
89.4

46.0

86.9

06.04.6East North Central

33.520.2 0.3West North Central

6.25.8 1.1South Atlantic
ro 50.417.3

16.5
4.228.1East South CentralCS\

0.410.372.8
67.4

West South Centrali

2.49.920.3Mountain

17.50.531.250.8Pacific

10.5 6.932,687.6 71.0 11.6U.S. Total

”1978 Annual Statistical Report," Electrical World, Vol. 189, No. 6, March 15, 1978, p. 83.Source:



1977 ELECTRIC UTILITY CAPITAL EXPENDITURES

% Co-op'sTotal Capital
Spending

(millions of dollars)

% Muni, State,
and PPD's

% Federal
Agencies

% Investor-
Owned

Geographical Region

1.4766.6

3.106.2
5.515.7
3,071.9

3.905.3
2.466.7
3,376.0

1,821.1

3.592.4

97.4 1.2New England

Middle Atlantic 7.3 0.991.8

4.6 0East North Central 92.3 3.1

West North Central 42.9 25.0 31.2 0.9

84.6 0.77.7 7.0South Atlantic
i

44.832.9 18.8East South Central 3.5
CT>
i
_
n West South Central 0.175.1

64.8
8.6 16.2i

20.5 2.412.3Mountain

Pacific 26.3 19.753.5 0.5

U.S. Total 27,621.8 11.671.5 6.910.0

"1978 Annual Statistical Report," Electrical World, Vol. 189, No. 6, March 15, 1978, p. 82.Source;



PERCENT GROWTH IN ELECTRIC UTILITY
CAPITAL EXPENDITURES 1977-1978

Co-op's Federal
Agencies

Muni, State,
and PPD'aInvestor-OwnedGeographical Region Total

+ 5.8%

+50.6
+50.1

+23.7% +174.5%

- 98.5

+25.6%New England

Middle Atlantic +14.9+ 6.8

0.0%+12.5 + 74.6East North Central +16.1

+41.7 -53.5+41.7 + 6.1West North Central +31.9
+72.4+ 4.5

- 0.1

+21.4 - 10.2South Atlantic +18.1
+21.7+ 8.2 - 7.5 + 28.1East South Centralto

ON
o\ +858.0+13.0West South Central +16.7 + 39.7 +19.1

+24.6 -3.8
+10.9

+21.1+ 19.1+19.9Mountain

+12.2+20.2 + 50.2Pacific +26.4

+17.4 + 19.6 +18.5U.S. Total +23.5+18.3

"1978 Annual Statistical Report," Electrical World, Vol. 189, No. 6, March 15 1978.Source: P



1977 ELECTRIC UTILITY MAINTENANCE COSTS

% Co-ops % Federal
Agencies

% Investor-
Owned

% Muni, State,
and PPD's

Total Maintenance Costs
(millions of dollars)

Geographic Region

89.9 8.9200.0 1.2New England

Middle Atlantic 0.4963.2 99.4 0.2

4.090.1
66.7

920.7 5.9 0.01-East North Central
4.6357.7 15.9 12.7West North Central

3.9691.5 89.9 6.0 0.2South Atlantic

47.6
11.8

365.4
335.6

34.1
70.6

10.1 8.2East South Centraliro 6.6 11.0West South Centralcr>
• î

66.6 7.6 11.9

14.1
197.9 13.9Mountain

0.6535.7 53.8 31.5Pacific

4.74,567.7 79.0 7.29.1U.S. Total

"1978 Annual Statistical Report," Electrical World, Vol. 189Source: , No. 6, March 15, 1978.



1978 BUDGETED ELECTRIC UTILITY MAINTENANCE COSTS

Total Budgeted
Maintenance Costs

(millions of dollars)
% Investor-

Owned
Z Co-ops Z Federal

Agencies
Z Muni, State,

and PPD’s
Geographic Region

1.290.1 8.7213.6New England

Middle Atlantic 0.499.4
91.4

0.21,044.6

1,020.1

388.7

3.9 0.0+4.5East North Central

4.468.0 13.913.7West North Central

4.9 6.1 0.388.7South Atlantic 785.7

47.734.4 7.9429.6 10.0East South Centrali
to 6.474.4 12.27.0355.2West South Central
03
i 7.7 11.068.0224.9 13.3Mountain

14.351.8 0.6Pacific 583.6 33.3

4.9 7.179.1 8.95,046.0U.S. Total

"1978 Annual Statistical Report," Electrical World, Vol. 189Source: 6, March 15, 1978., No



:

PERCENT GROWTH IN ELECTRIC UTILITY

MAINTENANCE COSTS, 1977-1978

Co-op'aInvestor-Owned Federal
Agencies

Geographic Region Total Muni, State,
and PPD'a

+ 4.3 +10.1New England

Middle Atlantic

+ 6.8 + 7.0

+ 8.4 + 8.2 +34.3
+11.6

+ 8.5
+10.8 -14.5 +17.6East North Central +12.4

- 6.4West North Central +18.2 + 4.2+10.7+ 8.7

+41.7South Atlantic +13.6 +12.1
+18.6

+17.2
+12.4

+30.9i
N>

+17.3East South Central +17.6a\ +17.8vO
I +11.3West South Central + 5.8 +11.5 r42.3

+ 2.4

+17.8
+ 8.8Mountain +13.7 +15.9

+ 4.9
+15.7
+14.3Pacific +15.0+ 8.9 +10.5

U.S. Total +10.5 +10.6 + 9.0 +15.9 + 7.4

"1978 Annual Statistical Report," Electrical World. Vol. 189, No. 6, March 15, 1978.Source:
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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health and
welfare of the American people. Noxious air, foul water, and spoiled land are
tragic testimony to the deterioration of our natural environment. The complexity
of that environment and the interplay between its components require a concen-
trated and integrated attack on the problems.

Research and development is that necessary first step in problem solution
and it involves defining the problem, measuring its impact, and searching for
solutions. The Municipal Environmental Research Laboratory develops new and
improved technology and systems for the prevention, treatment, and management
of wastewater and solid and hazardous waste pollutant discharges from municipal
and cooBtunity sources, for the preservation and treatment of public drinking
water supplies, and to minimize the adverse economic, social, health, and
aesthetic effects of pollution. This publication is one of the products of
that research; a most vital communications link between the researcher and the
user community.

This report presents results from the field investigation of three power
plant waste disposal sites to determine the effects on surrounding soils and
groundwater. It provides basic data on the potential pollution of waste from
coal-fired power plants and will add to the knowledge required to determine
the environmental consequences of conventional land disposal of these wastes.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory

iii



ABSTRACT

Soil and water samples from several test borings and hydrological data
were collected and analyzed for three flue gas cleaning sludge disposal sites
in order to assess the extent of migration of pollutants into the local ground-
water and the effects on surrounding soils. Physical testing of soils indi-
cated that two major types of sites were included: one site was underlain
by impermeable materials such as clay and shale; and two other sites under-
lain by relatively permeable silty sands and gravel with discontinously dis-
tributed finer materials.

At the site underlain by impermeable substrata, no change in permeability
or other physical properties of the soils could be related to the presence
of the disposal site. At the two sites underlain by permeable substrata,
only at one could variations in permeability, dry density, water content, and
percent fines be related to the presence of the disposal site. Irregular
occurrences of fine-grained materials (clays and silty sands) at the other site
obscured any variations in these parameters which might have been caused by
the disposal site.

Sludge/ash-derived constituents were found to have migrated out of the
immediate area of the pit or pond at all three disposal sites degrading the
quality of the local groundwater. The subsurface migration of the sludge/ash-
derived materials was least extensive at the site underlain by impermeable
substrata. At the sites underlain by sands and gravels, evidence to a typi-
cal pollution plume under and down the groundwater gradient from the disposal
site was found.

Analysis of distilled water extracts and nitric acid digests of soil
samples from underneath and around the sludge/ash disposal sites indicated
only slight changes in soil chemistry could be attributed to the presence of
the disposal pit or pond. Evidently FGC sludge/ash leachates moved through
the soils and sediments without appreciable interaction or attenuation of
pollutants.

This report is submitted in partial fulfillment of Interagency Agreement
No. EPA-IAG-D4-0569 between the U.S. Environmental Protection Agency, Munici-
pal Environmental Research Laboratory, Solid and Hazardous Waste Research
Division (EPA, MERL, SHWED) and the U.S. Army Engineer Waterways Experiment
Station (WES).
1976 through December 1978.

Work for this report was conducted during the period of July
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SECTION 1

INTRODUCTION

The growth of the electrical power industry coupled with the increasing
use of coal as a primary fuel has resulted in a. generally increased waste
disposal problem for coal-fired power plants., The strict air pollution regu-
lations regarding sulfur oxides (SO ) emissions have caused many power plants
to add stack scrubbiftg systems. These plants now produce a flue gas cleaning
(FGC) sludge that must be disposed of along with flyash and bottom ash. Stack
scrubbing is a necessary step due to the fact that sulfur dioxide (SO )
particularly produces crop and plant damage, deterioration of many materials
such as ferrous metals, marble and concrete, and increased incidence of bron-
chitis and lung cancer. Environmental Protection Agency (EPA) estimates have
put the current total cost of SO2 emission damage to property and people in
the U.S. at $22 billion per year (1).

The flue gas cleaning systems currently being installed, and those
planned for the majority of installations through 1985, are "throw-away” or
non-regenerative systems in which the product generated requires permanent
disposal. The end product is a fine-grained slurry of high water content
called either flue gas desulfurization (FGD) or flue gas cleaning (FGC) sludge.
The term flue gas desulfurization sludge usually refers to only SOx-reaction
products, while flue gas cleaning sludge refers to a more general mixture of
flyash and scrubber products (2). The twenty-one power plants now equipped
with FGC systems are already producing around eight million metric tons of wet
sludge per year (Table 1). By 1985, when power plants producing around 100,000
megawatts of power are projected to have installed FGC equipment, over 120
million metric tons of wet sludge will have to be disposed of annually.

Three major types of "throw-away" sludge'producing FGC systems are
currently being developed and installed on power plants in the U. S. One uses
a wet slurry of limestone (CaCC^); one a wet slurry of hydrated lime (Ca(0H> 2);
and one—the double alkali—uses a clear Na2S03 solution. Although the major
reaction product of all three processes is calcium sulfite hemihydrate (CaS03
• , the constituents of the sludge produced will vary widely depending
upon the impurities in the scrubbing materials, the type of coal being burned,
the boiler configuration and the scrubbing method used. The overall reactions
of these processes are (3,4):

Limestone:

CaC03 + S02 + %H20 CaS03 • HH2Q + C02

1



PROJECTED ANNUAL PRODUCTION OF FLUE GAS CLEANING
SLUDGE IN THE U. S.(3)

TABLE 1.

Year
19851977 1980

Estimated on-line capacity
(MW) with FGC 6500 35,000 100,000

27.01.75 9.5Dry FGC sludge*

33.011.52.15Dry ash*

60.0Total Dry Sludge* 3.9 21.0
*
Water (sludge at 50% water)* 21.0 60.03.9

120.042.0Total Wet Sludge* 7.8

Approximate total volume
(m^/yr) 2.5 x 107 7.4 x 1074.9 x 106

* metric tons/year
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Lime(hydrated):

CaS03 • 4H20 + ^H20Ca(OH)2 + S02 -v
Double alkali:

2 NaHS03
CaS03 • %H20 + 3/2 H20 + Na2S03

Na2S03 + S02 + H20
2NaHS03 +%Ca(OH)2

The calcium can also oxidize to calcium sulfate dihydrate (gypsum) by the re-
action: 2jCaS03 • + 2H2O + 2[caS0^ • 2H2O].
final product has variable proportions of calcium sulfate and sulfite, depend-
ing upon the amount of oxygen available during the scrubbing operation.

Therefore, the

Chemical Composition of FGC Sludges

The composition of major solid components in several FGC sludges which
have been analyzed are presented in Table 2. The major component of the
sludge is seen to be variable amounts of calcium sulfite and calcium sulfate,
depending upon the amount of oxidation which has taken place. Oxidation(and
consequently the calcium sulfate-to-calcium sulfite ratio)is usually greater
in systems burning lov-sulfur western coal. In all three systems, operation

of the burner and FGC system can be adjusted to produce almost pure calcium
sulfite sludges; or intentional oxidation can bring about the production of
almost pure calcium sulfate sludges.

Variable amounts of unreacted limestone(CaCOj)will be found in the
limestone and dual alkali sludges, and in some lime systems where it enters as
an impurity in the lime or is produced by reaction with the large amount of
CO2 in the stack gas. The amount of fly ash, the other major component in the

FGC sludge, will also vary widely depending upon the ash and sulfur content of
the coal burned and whether electrostatic precipitators or collectors are run
ahead of the FGC system. As new FGC equipment becomes operational, many
sludges may incorporate variable amounts of fly ash as the FGC systems also
are excellent fly ash collectors and separate fly ash removal equipment may

not be employed.
A variety of trace elements are also found in FGC sludges; typical

analyses are listed in Table 3. Note the wide range of concentrations found
in different sludges make generalizations as to composition difficult. The
original sources of these trace elements are the coal, the lime or limestone
and the makeup water. Those elements in the fuel which are not highly volatile
such as chromium, manganese and nickel, will be retained in the fly ash and
bottom ash. Therefore, the relative ash content controls the concentration of
these elements in the sludge. On the other hand, the concentration of the
highly volatile elements such as arsenic, cadmium, fluorine, mercury and
selenium in the sludge depends largely upon the efficiency of their capture

from the flue gas by the scrubber(9). Mercury and selenium will probably be
present in the flue gas as elemental vapors and be poorly scrubbed. Assuming
that the coal is the major source of trace metals and that sludge and ash
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TABLE 2. COMPOSITION OF SOME TYPICAL FGC SLUDGE SOLIDS

Ratio:
CaS03* »jH20 CaSO,•2H„0 CaSO,/CaSO
(Z wt)

Type of
coal utilized

3 CaCO
^

Fly ash
(Z wt) (Z wt)

Other
(Z wt)

4 2 4
(Z wt) (Ref.)Process

Limestone 19-23 15-32 0.65-1.7 4-42 20-43 (5)Eastern

Limestone 11 17 2.8 14Z CaS 0
”6HJ) J

(5)Western 2.5 59

2a* Lime 13 2 . 2 3~10 (5)Eastern 19 60 9.8Z CaS.O0.2

(5)Lime 50 41Eastern 6 0.12 3

94 (6)Lime 0 4Eastern 2 0.02

Dual Alkali 0.2 64 400 (5)Western 11 9 18Z CaSO4
Dual Alkali 14 5.1 8 20Z CaSO.4

">SH20
(7)52 7Eastern



TYPICAL CONCENTRATIONS OF TRACE ELEMENTS IN SEVERAL FGC SLUDGES (5)
AND IN A VARIETY OF COAL SAMPLES (8)

TABLE 3.

Median cone,
in sludges (ppm)

Cone, range
in sludges (ppm)

Cone, range
in coal (ppm)Element

3.4-63 33.0Arsenic 3-60
0.08-20Beryllium • 0.62-11 3.2

Cadmium 0.7-350 4.0

16.0 2.5-1003.5-34Chromium

14.01.4-47 1-100Copper

1.0-55 14.0 3-35Lead

11-120 63.0Manganese

0.02-6.0 1 .0 0.01-30Mercury

6.7-27Nickel 17.0

<0.2-19 7.0 0.5-30Selenium

9.8-118 57.0 0.9-600Zinc

— « no analysis available
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production equals from 5-40 percent of the coal burned on a weight basis, the
trace elements will be concentrated in the sludge two to twenty times the
level in the coal. The form and availability of these trace elements is also
changed from that in the original coal where they are held in an organic
matrix and/or as sulfides and carbonates. The trace elements appear in the
sludge primarily as oxides (or in some cases in elemental form) which are more
soluble and chemically reactive than sulfides or solid organic complexes.
The trace elements, therefore, represent a potential pollution hazard since
they can be leached from the sludge and contaminate surrounding surface water
and groundwater.

Physical Properties of FGC Sludges

The physical properties of FGC sludges are of prime importance in their
handling, transporting, dewatering, and leaching characteristics. The morpho-
logy and size of sludge particles varies widely as a function of the sulfur
content of the coal, the way the boiler is operated, the type of particulate
control employed, and the type of FGC system and the mode in which it is
operated.

The most strixing and troublesome physical characteristic of FGC sludges
is the uniform size and form of the crystals of the calcium sulfite (10).
Calcium sulfite crystals are in the form of thin platelets with 10-100 micron
lateral dimensions and of 0.1 to 0.5 micron thickness. Single crystals are
rare, most being found in loosely arrayed clusters. The preponderance of
small, uniformly-sized crystal aggregates produces a thixotropic sludge with
high moisture content and very poor settling characteristics. The high
moisture content is due to.the highly open, porous or sponge-type configura-
tion of the crystal clusters. FGC sludges are not easily dewatered. For
example, twenty-five hours of centrifugation at 900 times gravity in a solid-
bottom centrifuge tube caused an increase from 40 percent solids to only 50
percent solids for an eastern coal, lime-scrubbing sludge (9). Slight shaking
or stirring will cause the centrifuged sludge to return to a liquid or plastic
state (thixotrophy). FGC sludges can present serious handling and storage
problems.

The permeability of unmodified FGC sludges also varies greatly depending
upon their source and fly ash content. The permeability of several samples of
untreated FGC sludges were found to vary between 5 x 10“^ to 5 x 10”^ cm/ sec
if gravity settled, and from 1 x 10“^ to 1 x 10“^ if compacted by vibration or
by the use of a plunger (4),
to a clay or silty clay soil.

These moderate permeability rates are comparable

FGC sludges exhibit low compactability. When confined to a mold, sludge
samples exhibit significant resistance to the action of compaction hammers,
but this resistance disappears when the mold is removed. Unconfined com-
pressive strengths are quite low, ranging from nil to 1.5 kg/sq. cm (11).
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Methods of FGC Sludge Disposal

As FGC sludges began being produced, they were commonly disposed of in a
manner similar to that which had been used for fly and bottom ash. Most
commonly, fly ash was collected as a slurry which was pumped to settling or
decanting basins where the ash settled and the liquid was decanted to a river
(12). The amount of pollutants from the decanted water as well as that
leaching into the groundwater from these disposal ponds could have been signifi-
cant, but water quality data related to these operations are not readily
available.

Presently, lagooning of mixed ash and FGC sludges is the most common
method of dealing with the disposal problem (13). The sludge is usually
pumped with low solids content(20-40%)into a lagoon where the solids settle -
out; the liquor is then reused as make-up water for the FGC process. Two
major problems with this method of sludge disposal are the high levels of Ca,
SO4, SO3, Cl, and trace metals which potentially could be leached out of the
sludge bed into the local groundwater, and the physical instability of the
sludge which may preclude use of the deposited sludge beds for any other
purposes for an indefinite period of time(14).

One alternative which deals directly with the leaching problems is that
of using lagoons which have been lined with impervious materials such as
polyethylene, butyl rubber, concrete, asphalt or pozzolan-stabilized soil
(13). The liners, prevent the leaching of material or seepage of liquors from
the disposal ponds or lagoons into ground- or surface waters. The lining of
lagoons is an effective technique over the lifetime of the liner. Long-termservice data applicable to sulfate/sulfite sludge containment do not exist for
any liner materials although short-term experimental data have been reported
(15). Lifetime estimates for different liner materials and sludge types vary
from about 20 to over 50 years normal life expectancy. The major problem in
the use of pond liners is their impermanence. When their integrity eventually
is lost by accident or deterioration, the original problem of permanent disposal
reoccurs. The use of pond liners, therefore, appears to be an effective
alternative for moderately long-time periods, but not an adequate permanent
disposal scheme with the technology presently available (13).

The sludge disposal techniques currently receiving the widest interest
and study are those that involve chemically.stabilizing or encapsulating the
FGC sludges. The aims of this sludge treatment are to produce a structurally
sound product(a solid, or friable, soil-like waste)that can be disposed of
so that the potential for surface or groundwater pollution is minimized or
eliminated(16,17).

Scope of This Study

The disposal sites selected for this study include only unlined, unstabilized
power plant waste disposal ponds containing FGC sludges. The unlined ponds
are considered to present the worst risk for the-release of pollutants to the
environment. The water released from the sludge into the soil beneath the
disposal pond will be saturated with the contaminants found in the FGC sludge/ash
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mixture. This water is referred to as a leachate; and the capture or absorption
of potentially contaminating materials from this leachate by soil under the
disposal site is referred to as attenuation.

The objectives of this study are to examine three typical, unlined FGC
sludge/ash ponding or disposal operations that are situated in different
geological cirexamstances in order to:

a) discover’ if changes have occurred in the chemical characteristics of
the local groundwater because of the FGC sludge/ash disposal
operation,

determine the influence of any leachate from the ponded FGC sludge/ash
on the chemical characteristics and physical properties of the geologic
materials directly below the landfill,

b)

c) determine what chemical constituents present in the soil beneath
the disposal site can be released into contacting water,

d) establish if a relationship exists between the depth below the
disposal site and the chemical properties of the earth materials, and

e) discover if chemical characteristics of the material beneath the
disposal site indicate contaminant attenuation is occurring.

To meet these objectives, a model or pattern (Figure 1) for leachate
movement and attenuation was developed to provide a rationale for the sampling
program. In this model precipitation falling on the disposal site saturates
the sludge/ash and then percolates through the soil directly below. A variable
portion of the filterable and exchangeable material in the leachate is de-
posited in the soil below the landfill and possibly selected constituents are
released from the soil. The attenuated leachate then continues downward to
the water table. Groundwater flowing under the landfill dilutes the leachate
and carries the pollutants in a plume down the groundwater gradient. Based on
this idealized model, borings were located in such a way as to produce:

a) groundwater from wells beneath the disposal site and from wells
located both up and down the groundwater flow gradient in the area
of the disposal site,

samples of soil from beneath the disposal site and from comparable
depths outside the disposal site,

b)

soil samples collected at different levels down the boreholes both
outside and beneath the disposal site, and

samples collected near the top of the saturated zone (water table)
beneath and outside the disposal site.

c)

d)

Physical testing of soil samples collected below the disposal site and at
comparable depths outside the disposal site was undertaken to evalxoate changes
related to the deposition of FGC sludge. The physical characterization included

8
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percent moisture, dry density, grain-size distribution, permeability and soil
classification. Randomization was used to test for significant differences in
physical properties (18). Vertical variability in selected bore holes was
also evaluated but the small sample sizes did not allow the use of statistical
tests in this case.

The samples of groundwater collected in this study.were used to indicate
loss of contaminants from the sludge/ash or the soil beneath the disposal site
into the local groundwater. If contaminants were moving to the water table,
their concentrations should be higher beneath and dovngradient from the disposal
site. A list of analyses run is given in Table 4. A randomization technique
was employed to assess the significance of changes in water quality.

Soil samples from beneath the sludge/ash and from comparable depths out-
side the disposal site were treated in two ways. One aliquot of soil was ex-
tracted with distilled water to remove all ions that could be dislodged by
water alone. A list of analyses run on this extract is given in Table 4. The
distilled water extract gives a rate of release of material from the soil into
the surrounding water. The water extract is assumed to represent the concentra-
tion present in water contacting the soil, not the maximum, total amount bound
or confined in the soil. The distilled water leach then indicates the mobility
of various ions being held in the soil. The most effective attenuation occurs
when the soil beneath the sludge/ash shows an ability to accumulate a contami-
nant and to release the contaminant at a very slow rate. A statistical random-
ization technique was used to test the significance of differences observed be-
tween the composition of the distilled water extracts of soil samples collected
directly beneath the sludge/ash and the composition of extracts from samples
collected at comparable depths outside the disposal site. The significant re-
sults of the randomization test point out those elements at each site whose
mobility in aqueous solution is effected by material from the landfill.

A second aliquot of fresh soil was digested with hot, 8N nitric acid to
bring all ions not bound into silicate lattices into solution. A list of
analyses run is also given in Table 4. This digest represents the total of
all materials that could potentially be leached from the soil under the most
severe conditions. Since it is assumed that there is no significant lateral
movement of leachate through the soil above the water table, differences in
composition between digests of these samples beneath and outside the disposal
area can be interpreted as the loss or gain of material in the soil* due to the
presence of the sludge/ash. A statistical randomization technique was used to
test for significant differences in composition between acid digests of soil
samples collected directly below the sludge/ash and samples collected at
comparable depths (and above the water table) outside the disposal site. The
significant results from the randomization tests point out those elements at
each site that are being added to the soil or removed from the soil by the
movement of leachate from the disposal site.

If the soil beneath the disposal site was being altered by leachate from
the sludge/ash, any change should be most pronounced directly beneath the
sludge/ash and the magnitude of this change should decrease with depth.
Samples of soil were taken at intervals down the boreholes to determine if any
correlation between the concentration of materials in the soil and depth (or

10



TABLE 4. CHEMICAL CONSTITUENTS ANALYTICALLY DETERMINED IN GROUNDWATER
FILTRATES, DISTILLED WATER EXTRACTS AND NITRIC ACID DIGESTS

Nitric acid
digests

Groundwater
filtrate

Water
extractConstituent

SO X X4
SO X X3
Cl X X

XNO.-N X
3

X XNO.-N2
XXCN

X XTOC
X XCa

XXFe X
X XK
XXMg

XX XMn
X XNa
X X XAs

XX XB
X XXBe

X X XCd
X XXCr
X XXCu
X XXHg

XXXNi
X XXPb
X XXSe
X XXZn
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sample elevation) could be observed. Correlation with sample elevation was
only attempted with those elements that had shown a significant contrast in
concentrations from samples,under and outside the disposal site. A Spearman
rank correlation technique was employed (18,19). The correlation technique
made it possible to see if consistent relationships could be observed between
sample elevation and sample composition in borings made inside and outside the
disposal site.

Samples of soil collected near the top of the saturated zone both outside
and inside the disposal site were examined to see if any effects of lateral
movement of leachate below the water table could be observed. Distilled water
leaches and nitric acid digests of these soil samples were analyzed. Plots of
analyses were prepared to assess any changes in constituents that could be
related to the presence of the sludge/ash. No attempt was made to evaluate
these analyses statistically because of the small sample sizes involved.

12



SECTION 2

CONCLUSIONS

At all three FGC/ash disposal sites (K, L, and M) investigated, indicat-
ions were found that FGC sludge/ash-related materials had moved into surround-
ing soils and groundwater. No consistent differences in physical properties
(dry density, water content, soil permeability and grain size distribution)
could be detected between the soil samples taken immediately below the disposal
sites and at a comparable depth outside the disposal area. No conclusive
evidence could be found that the untreated sludge/ash in the pits or ponds
form an effective liner.

Analysis of groundwater samples collected at each of the three sites
showed some evidence of movement of FGC sludge/ash-derived materials from the
disposal pit or pond into the groundwater under the site. At all sites,
increased levels of some constituents could be related to the presence of the
disposal pit or pond. Increased lead and mercury levels were found under the
disposal pond at site K. At site L, increased concentrations in the trace
metals, iron, arsenic, chromium, and lead, could be found in groundwater under
th« disposal pit. At site M, groundwater from beneath the disposal pond
showed significant increases in sodium, chloride, and sulfate. Distilled
water extracts from soil samples under and outside the disposal sites showed
very little contrast. The most consistent differences observed were increases
in sodium and boron in the distilled water extracts from samples directly
under the disposal pits or ponds. Examination of distilled water extracts
taken from soil samples at or below the local water table showed that the
m a l e a c h a b l e levels of sodium, sulfate, and boron were consistently found
under or down the groundwater gradient from the disposal areas.

*

Nitric acid digests prepared from soils below and away from the disposal
sites showed no consistent differences at the three sites. This suggests that
changes in soil composition cannot be easily related to the passage of leachate
through the soil. The only elements that appeared to be readily fixed or
exchanged into soil were calcium at site K and boron at site ,L.

In the site investigations reported here:

a) there is no indication that FGC sludge/ash ponds or pits are self-
sealing,

b) there is evidence that FGC sludge/ash constituents move into surround-
ing soil and groundwater,
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c) there is no evidence that soils below the disposal sites are permanently
retaining any FGC sludge/ash-derived materials with the exception of calcium
and boron.
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SECTION 3

RECOMMENDATIONS

FGC sludge/ash disposal sites can pollute surrounding groundwater and
thus pose a significant threat to high-quality drinking water aquifers.

Ponds or pits for the disposal or storage' of FGC sludge/ash should be
engineered so as to prevent seepage from the pond or pits from moving into
surrounding water and soil. There is no evidence that unaltered FGC sludge/ash
in itself forms a suitable liner for a sludge and ash pond or pit.

Where the geologic and hydrologic conditions are such that contamination
of usable groundwater is a possibility, plans for unsolidified sludge/ash
disposal should include an artificial liner that will retain all water contact-
ing the sludge materials. Soil attenuation is not adequate in most cases to
prevent FGC sludge/a$h~derived material from contaminating shallow aquifers.

An effective groundwater monitoring program should be included in plans
for FGC sludge/ash disposal areas. Samples of water collected from wells
adjacent to and down the groundwater gradient from the disposal site should be
analyzed at regular intervals to insure the integrity of the containment
system.

Additional research requirements exist particularly in the areas of
evaluating the effectiveness and reliability of containment systems and design-
ing adequate groundwater monitoring systems.
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SECTION 4

MATERIALS AND METHODS

SITE SELECTION

Three electrical generating station disposal sites (containing mixed
FGC sludge and ash) at different geographic areas in the central United States
were selected for study. All sites were located in areas where precipitation
and infiltration rates were sufficient to produce significant amounts of
leachate. A brief summary of the important engineering and geologic charact-
eristics of each site is presented in Table 5.

Some major factors effecting the character of the contaminants leaching
from a disposal site are the type and amount of material placed in the site,
the fossil fuel burned at the generating plant, boiler and scrubber operating
conditions and the length of time the material has been in the site. Other
factors effecting the character of sludge/ash leachate are oxidation-reduction
conditions in the sludge and ash, and the temperatures in the disposal area.
Ultimately, the concentration of pollutants in the groundwater is also related
to the amount and chemical composition of local groundwater moving through the
immediate area.

At site K (Figure 2), a 65-hectar pond has been receiving 31,750 metric
tons per day of wet FGC sludge, fly ash and some bottom ash since the plant
vent on line in mid-1973. The pond can attain a maximum depth of 11 meters
and has a life expectancy of 3 to 4 years as of the time of sampling. Imme-
diately to the south of the disposal pond is a large exposed coal storage
area. Runoff from the storage area also flows into the disposal pond.

The pit at site L covers 1.5 hectare with an average depth of approxi-
mately 11 meters (Figure 3). Dumping of fly ash began in the southern portion
of the pit in 1968. Beginning in mid-1973, FGC sludge and fly ash were dumped
in the northern part of the pit. The middle third of the pit has not received
any direct dumping of sludge or ash. Before the dumping of fly ash began, the
pit was free draining. Shortly after dumping started, however, the pit began
to retain water and now a pond exists in the pit throughout the year. The
sludge disposal pit is approximately 2 kilometers from the generating plant.
The FGC sludge disposed here is filter cake with a moisture content of approxi-
mately 2QZ. Inmediately west of the disposal area is a 40-hectar industrial
tailings pond.
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TABLE 5. SUMMARY OF THE CHARACTERISTICS OF THE THREE POWER
GENERATION SITES SELECTED FOR STUDY

Site MCharacteristic Site K Site L

130 Mw820 Mw 70 MwUnit size
Coal sulfur content

Scrubber process type

Type of disposal
operation

Geographic area within
the U.S.

General geologic
setting

3.5%5.2% 3.0%
LimestoneLimestone Lime

Settling pondSettling pond Pit

CentralOhio ValleyCentral

AlluviumGlacial outvash
(valley train
deposits)

Thin glacial
outwash over
bedrock

Mean annual
precipitation

Mean annual air
temperature

Nature of waste

91 cm91 cm 105 cm

13°C
FGC sludge,

fly and bottom
ash

14°C
FGC sludge

and fly ash

13°C
FGC sludge,
fly and bottom
ash

Liner used below waste
material

Thickness of waste
observed

NoneNoneNone

2.29-4.36 m
(avg. 3.33 tn)

2.,90-14.48 m
(avg. 8.69 m)

2.49-5.49 m
(avg. 3.99 m)

Thickness of unsaturated
zone 4.36-7.86 m

(avg. 5.72 m)
3.66-16.04 m
(avg. 12.53 m)

2.44-9.00 m
(avg. 6.91 m)

Nature of material in
unsaturated zone Clay, silty sand Clay and silty

and gravel
Clay

sand

Average hydraulic
conductivity below
waste material

Dates of operation of
site

•-4 -32.10x10 cm/sec 2.04x10 cm/sec—82.94x10 cm/sec

1968 - present 1972 - present1973 - present
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Elevations are in ft above mean sea level.
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Elevations are in ft. above mean sea level.
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At site M, a 34-hectar disposal area began receiving FGC sludge, fly ash
and bottom ash in 1972. Subsequent developments have resulted in off-site
disposal of the majority of -the bottom ash and some of the fly ash. Present
practice is to discharge bottom ash into the central portion of the disposal
area (see Figure 4) and fly ash and FGC sludge into the northern part of the
disposal area. The southern section has received only bottom ash. A large
coal storage area (approximately 30 hectars) is immediately southeast of the
disposal basin.

The source of water tnat infiltrates the wastes is different^at all three
sites. At site K, the disposal pond was formed by damming a small valley that
drained into the cooling lake. The water available for infiltration at this
site is derived from operation of the scrubbers, plus rainfall and appreciable
runoff from the surrounding hillsides. Water is recycled through the scrubber
and any excess water beyond the capacity pf the impoundment escapes over a
spillway in the dam and into the cooling lake. Site L is an abandoned borrow
pit and interrupts no natural surface drainage* The sludge as deposited
contains very little water; rainfall is the only source of water available for
infiltration. Site M is a series of ponds formed by constructing dikes on the
floodplain. The sludge is pumped into the ponds as a slurry with high water
content. After settling, the supernatant water is pumped either into a river
or a sewage treatment plant. Future plans call< for recycling the excess water
to the scrubbers. Recycling will have no effect on the availability of water
for infiltration. Permanent ponds exist at all three sites; therefore, the
escape of contaminated water into the groundwater is related to the area of
the bottom of the pond and the permeability of material below and at the sides
of the pond, rather than the source of water.'

SAMPLING PROCEDURES

A general sampling plan for all sites was generated using the model
situation shown in Figure 1. This plan was modified to meet any specific
requirements at each site. The general sampling plan called for a series of
seven or eight borings at each disposal site. Where possible two experimental
borings were to be drilled through the sludge/ash mixture and five or six
control borings were to be drilled outside the disposal area. This sampling
pattern would allow comparison between typical, uneffected groundwater and
soil, and groundwater and soil which was in direct contact with the leachate
draining from each site.

All sampling was done with a truck-mounted, rotary drill using 16.8 cm
OD, hollow-stem auger. The auger, with a central plug in place, was drilled
to the desired depth. The central plug was then removed and a Hvorslev fixed-
piston sampler (Figure 5) or ? split-spoon sampler (Figure 6) was pressed into
the sediment or soil directly below the end of the auger using the hydraulic
cylinders on the drill rig. In this way, an undisturbed soil or sediment
sample was obtained. The split-spoon sampler was used only in cases where
objects were encountered in the subsurface that could not be penetrated by the
thin-walled tube (Shelby tube) on the Hvorslev sampler.
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Figure 4. Topographic map of site M. 1 foot 0.35 meters.
Elevations are in ft. above mean sea level.
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Figure 5. Sketch of Hvorslev fixed piston sampler.
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The vertical distribution of soil/sediment samples collected down the
hole was arranged in a way to maximize the probability of collecting samples
at two critical points in the boring; the sludge/ash-soil interface and the
top of the saturated zone. Since the strongest effects of leachate on the
local material should occur directly below the wastes, a sample was always
taken at the sludge/ash-soil interface. Sampling was then continued at closely
spaced intervals down the hole. The top of the water-saturated zone was
predicted from water table measurements that had been recorded for other wells
in the area and a. series of closely spaced samples was taken in this interval.
The borings were allowed to remain open for two to three days following the
actual drilling, with the augers left in place. The auger flights served as a
temporary well casing to prevent seepage from the surface from entering the
well. Depth to groundwater was measured with a chalked steel tape and ground-
water samples were obtained from the temporary wells by lowering a bailer into
the top of the hollow-stem augers. After a groundwater sample was obtained,
the auger was removed and the hole was backfilled with grout and/or bentonite
to a point well above the water table. The filling was then completed with
well cuttings. This was done to assure that the well would not act as a con-
duit for the flow of polluted water to the water table.

The locations for all borings at each FGC sludge/ash disposal site are
given in Figures 2 - 4. The most probable configuration of the water table at
each site, as deduced from water level measurements in the borings, is given
in Figures A-l, B-l and C-l (in appendices). The descriptive well logs are
also presented in the appendices (Tables A-2—A-9, B-2—B-8, and C-2—C-8).
Tables A-10, B-9 and 09 list all soil/sediment samples examined from each
boring, giving their elevations and other relevant data.

Minor variations in the general sampling plan were necessary at sites L
and M. In three instances at site L, auger wrap was used for chemical testing.
These were samples 1C1, 2C1 and 5C2. Auger wrap consisted of material removed
from the outside of the auger bit. Although the physical properties of auger
wrap samples were disturbed, the chemical properties should be consistent with
an undisturbed Hvorslev or split-spoon sample. At site M, the bearing capacity
of the recently disposed material was too low to support a drill rig. Con-
sequently, boring through the newly deposited sludge/ash material was impossible.
The drill rig was placed on older, firm FGC sludge and borings 1 and 4 were
made near the margin of the settling pond.

SAMPLE HANDLING AND PREPARATION TECHNIQUES

Two different types of soil samples were collected in the boring program;
samples for physical testing and samples for chemical analysis. Groundwater
samples were also taken from each boring for chemical analysis. The set of
samples obtained for physical testing was used to determine soil class under
the unified soil classification system (20), dry density, grain-size distribu-
tion, water content and permeability. These physical parameters were determ-
ined using standard engineering test procedures. This sample set was collected
without disturbing the soil more than necessary. The samples were carefully
packaged and sealed in coring tubes to retain the original moisture content
and sample texture.
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The groundwater bailed from each boring was transferred to polyethylene
bottles which were labelled and packed in an insulated chest filled with
crushed ice. The samples were stored under refrigeration and kept tightly
capped until they were prepared for chemical analysis. The preparation con-
sisted of centrifuging each sample at 2200 rpm for 30 minutes. The resulting
supernatant was membrane-filtered through a 0.45-micron filter and split into
five subsamples which were preserved as shown in Table 6.

Samples of soil for chemical analysis were collected simultaneously with
the samples for physical testing, but no attempt was made to maintain the soil
in an undisturbed condition. Each sample removed from the sampler or collected
from the auger, was placed in a wide-mouthed polyethylene bottle, labelled and
packed in an ice-filled chest. These soil samples were refrigerated during
all subsequent transportation and/or storage. Two extracts were made from
each soil sample; one with distilled water and one with 8N nitric acid. The
materials that could be easily extracted wit!* distilled water were considered
transient and would readily be leached from the soil by dissolution in rain-
water. The nitric acid digest would contain the transient materials, and also
all the materials that could be solubilized by a strong, oxidizing acid.
Those elements present as carbonates or sulfides, or adsorbed to clay minerals,
to iron oxide or to insoluble organic materials would be freed(21); while
elements.in non-clay silicate lattices would be solubilized only to a minor
degree (22).

For distilled water extracts, the contents of each sample bottle were
mixed to assure a homogeneous sample. A 200-gram subsample of moist soil was
weighed out into .a 1000-ml polycarbonate centrifuge bottle and six hundred ml
of distilled-deionized water was added to each. The centrifuge bottles were
shaken on a rotary shaker for one hour, and then centrifuged at 2200 rpm for
30 minutes. The supernatant was filtered through a 0.45-micron membrane
filter. The filtrate was split into five subsamples for chemical analysis.
The subsamples were preserved as outlined in Table 6.

A second subsample consisting of 50 grams of moist soil was taken from
each sample bottle for nitric acid digestion. In each digestion, the soil was
weighed into a 250-ml fluorocarbon beaker and 60 ml of 8N reagent-grade nitric
acid was added. The soil-acid suspension was heated to 95°C for 45 minutes
and stirred every fifteen minutes. After cooling to room temperature, the
suspension was filtered through a 0.45-micron membrane filter. The digested
soil was washed in the filter three times with 20-ml portions of 8N nitric
acid. The filtrate was quantitatively transferred to a 250-ml volumetric
flask and brought up to volume with 8N nitric acid and then stored in a poly-
ethylene bottle. No preservation procedure was necessary.

A third subsample was taken from each sample bottle to determine the
moisture content of the soil. These moisture contents were used to correct
subsequent chemical analyses so that soil acid digests could be expressed in
milligrams per kilogram dry weight of soil.

25



METHODS OF PRESERVATION OF WATER EXTRACTS AND FILTERED GROUNDWATER
SUBSAMPLES FOR CHEMICAL ANALYSIS

TABLE 6.

Method of preservationChemical species to be determined

Refrigeration to 4°Cso4, so3, Cl, NO3, NO2

Samples brought to pH 11 with NaOH

Refrigeration to 4°C
CN

Total organic carbon (TOC)

Samples acidified with HC1 to pH 1Ca, Fe, K, Mg, Mn, Na, As, B, Be,
Cd, Cr, Cu, Ni, Pb, Se, Zn

KMnO^ added and samples acidified with
HN03 to pH 1

Hg
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PHYSICAL TESTING METHODS

The physical tests run on these samples included water content, sample
dry density, permeability, and grain-size analysis. Data gathered from these
tests and visual examination of the samples were used to classify .the materials
into standard soil engineering categories. All testing was done using standard
soil engineering methods (23).

To determine water content, a sample taken from the sealed coring tube
was weighed into a tared sample dish, dried at 110°C and weighed periodically
until a constant weight was obtained.

Sample dry density (or dry unit weight) is the weight of oven-dried soil
per unit volume of soil. This measurement can be made in two different ways:
by trioaning the soil sample into a precisely measured regular shape and drying
and weighing the trinmed sample; or, by sealing the surface of a soil specimen
with wax and measuring its volume by water displacement, then removing the
sealing material and drying and weighing the specimen. The water displacement
procedure was used with samples containing gravel or other coarse material
that prevented the sample from being trissned accurately.

Grain-size analysis was performed by sieving the dried, disaggregated
soil through a standard sieve series. Standard hydrometer density measurements
were run on a suspension prepared from the fraction passing the 200-mesh
sieve.

Permeability measurements were made using a constant-head test system
with coarse-grained soils, and a falling-head test system with fine sands or
clays. In all cases standard procedures and equipment were employed (23).

The major characteristics (especially grain-size analyses and charac-
teristics of the fine fraction) of the samples were used to classify the
soils. The USCS classification system is summarized and corresponding USDA
classes are given in Table 7.

CHEMICAL ANALYTICAL METHODS

The techniques used in analyzing the filtered groundwater samples, dis-
tilled water extracts and nitric acid digests are summarized in Table 8.
all cases, the samples were run within the recommended time limits for the
storage of samples (24).

In

The analyses of groundwater samples are given in milligrams per liter of
filtered sample. The water extracts are also presented in milligrams per
liter of filtered extractant. The water extract represents an equilibrium or
near equilibrium solution with respect to the solid phases and the adsorbed
phases in the soil; therefore, the analytical data are presented on a solution
basis rather than a dry weight basis. The nitric'acid digests are a deter-
mination of the total acid digestible fraction; therefore, the results are
presented as milligrams extracted per kilogram dry weight of soil.
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TABLE 7. DESCRIPTIONS OF USCS SOIL GROUPS (20)

Example of
corresponding USDA soil

textural descriptionGroup symbol Typical group description

Well-graded (poorly-sorted) gravels, gravel-sand mixtures,
little or no fines

Gravel, gravelly sandGW

Poorly-graded (well-Borted) gravels, or gravel-sand
mixtures, little or no fines

Same as aboveGP

Very gravelly sand'or
silt loam

Silty gravels, gravel-sand-silt mixturesGM

Very gravelly clay loamClayey gravels, gravel-sand-clay mixturesGC

Well-graded (poorly-sorted) sands, gravelly sands, little
or no fines

Same as aboveSW
M
00

Coarse to fine sandPoorly-graded (well-sorted) sands, gravelly sands, little
or rio fines

SP

Loamy sand or sandy loamSilty sands, sand-silt mixturesSM

Sandy clay loam or sandy
clay

Clayey sands, sand-clay mixturesSC

Silt or silt loamInorganic silts, very fine sands, clayey silts, low
plasticity

ML

Silty clay loam or clay
loam

Inorganic clays, low to medium plasticity, lean claysCL

Mucky silt loamOrganic silts and organic silty clays of low plasticityOL

Micaceous or diatomaceous
silt

Inorganic silts, micaceous or diatomaceous fine, sandy
or silty soils, elastic silts

MH



TABLE 7. DESCRIPTIONS OF USCS SOIL GROUPS (20)(continued)

Example of
corresponding USDA soil

textural descriptionGroup symbol Typical group description

Inorganic clays of high plasticity, fat claysCH Silty clay

OH Organic clays of medium to high plasticity, organic silts Mucky silty clay'

Pt Peat and other highly organic soils Mucks and peots

N>
vO



TABLE 8. TECHNIQUES USED IN THE ANALYSIS OF DISTILLED WATER EXTRACTS,
NITRIC ACID DIGESTS AND GROUNDWATER FILTRATES

Lowest reporting
concentrationChemical

species Procedures and/or instrumentation41 (ppm)

Standard Turbidimetric Method* in combination
with a Varian Model 635 Spectrophotometer

Standard Potassium Iodide-Iodate Titration
method*

Standard Mercuric Nitrate Titration method*

8SO4

1SO3

5Cl

Technicon II Auto Analyzer, Industrial Method
no. 100-70W+

0.01NO.-N3

Same as above 0.01NO„-N2
Technicon II Auto-Analyzer, Industrial Method
no. 315-74W±

0.01CN

Determined with Envirotech Model No. DC 50
TOC Analyzer

1TOC

Determined with a Spectrametrics Argon Plasma
Emission Spectrophotometer Model II

0.03Ca

Determined with Perkin-Elmer Heated Graphite
Atomizer Atomic Absorption Unit

0.003Fe

0.05Determined with a Spectrametrics Argon Plasma
Emission Spectrophotometer Model II

K

0.03Same as aboveMg

0.001Determined with Perkin-Elmer Heated Graphite
Atomizer Atomic Absorption Unit

Mn

0.03Determined with Spectrametrics Argon Plasma
Emission Spectrophotometer Model II

Na

(continued)
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TABLE 8 (continued)

Lowest reporting
concentration

(ppm)
Chemical
species Procedures and/or instrumentation*

0.001As Determined with a Gaseous Hydride System,
Perkin-Elmer Atomic Absorption Unit

Determined with a Spectrametrics Argon Plasma
Emission Spectrophotometer Model II

0.02B

0.0005Determined with a Perkin-Elmer Heated Graphite
Atomizer Atomic Absorption Unit

Be

0.0003Cd Same as above

0.003Cr Same as above

0.003Cu Same as above

0.0002Determined with a Nisseisangyo Zeeman Shift
Atomic Absorption Spectrophotometer

Hg

0.005Determined with a Perkin-Elmer Heated Graphite
Atomizer Atomic Absorption Unit

Ni

0.002Same as abovePb

0.005Same as aboveSe

0.014Same as aboveZn

* Mention of trade names or comnercial products does not constitute endorse-
ment or recommendation for use.

t Standard Methods for the Examination of Water and Wastewater, American
Public Health Association, New York, 13th Edition, 1971.
Technicon Industrial Systems, Tarrytown, New York.
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SECTION 5

RESULTS AND DISCUSSION

PHYSICAL -TESTING

The geologic materials under a FGC disposal site are subjected to several
different effects due to the presence of the waste materials. Any changes
observed in the soil are probably brought about by contact with leachate
saturated with respect to calcium, sulfate and sulfite. FGC sludge leachate
typically has a pH between 9 and 11 and contains high concentrations of sodium
and chloride. The goal of the physical testing program is to detect any
changes in the soil engineering parameters which could be related to the
presence of the FGC sludge/ash disposal site. Data for physical testing of
soil samples from all three sites are given in Tables 9-11. The most pronounced
effects should occur directly below the sludge/soil interface . For this
reason Table 12 compares physical properties of the topmost soil samples taken
below the disposal area with soil samples taken at comparable depths outside
the disposal area. Interaction between the sludge (and its leachate) and the
underlying soil would be expected to:

a) increase the dry density of the sediment (or soil) because the
calcium sulfate/sulfite sludge would be filling intergranular spaces
in the sediment under the disposal site;

b) increase water holding capacity in coarse-grained sediments due to
the increased surface area brought about by the addition of fine-
grained material;

c) decrease the permeability due to obstruction of interpore connections
in the sediment; and,

d) increase the percent fines in grain-size analyses due to the infil-
tration of small sludge crystals or crystal aggregates.

At site K, there was no consistent influence of the disposal site on the
physical characteristics measured in soil below the site. Only one sample was
tested from under the disposal site and it shoved a very slightly decreased
dry density, increased water content and a slightly higher permeability. The
percent fine-grained material was approximately the same under the site and
outside the site. The usual low permeability observed in shales and clays
found at this site minimizes any infiltration and therefore its effects on
physical properties. At site L, a pattern of changes in physical character-
istics closer to that predicted was observed. The most obvious change was the
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TABLE 9. PHYSICAL TESTING DATA FOR SAMPLES FROM SITE K

Dry Water Permeability or
density content hydraulic cond,

(cm/sec)
Boring Sample Depth

(g/cc) (%)(m) Classificationno.no.

Lean clay(CL)with sand, light brown1 P3 5.76-5.91
-8 Plastic clay(CH)with trace sand, brown

Silty clay(CL), dark gray
2 1.495.76-6.10

8.70-8.92
2.94 x 10PI 29.2

P3

-8 Lean clay(CL)with sand, dark brown
Plastic clay(CH)» brown
Lean clay(CL)with trace sand, dark gray

PI 1.74-2.15
4.79-5.29
7.83-8.32

1.72 2.55 x 10 “

6.30 x 10“*
18.5
19.5

3
P3 1.67
P5

6.20 x 10“*
23.0 x 10

Lean clay(CL)with sand, dark brown
Plastic clay(CH)with trace sand,

dark gray

4 PI 3.26-3.75
7.83-8.29

1.73
1.60

17.7
23.4 -8P4

u>
OJ

4.70 x 10~*
1.03 x 10

Plastic clay(CH)with sand, dark brown
Lean clay(CL)with sand, dark brown

PI5 1.74-2.20
2.65-3.12

1.58
1.71

24.9
20.0 -8P2

Lean clay(CL)with trace sand, light
brown

Lean clay(CL)with sand, dark brown

2.96-3.416 PI

6.80 x 10“93.87-4.19P2 1.81 18.0

Sandy clay(CH), brown2.96-3.317 PI

Note: — indicates no data available.



TABLE 10. PHYSICAL TESTING DATA FOR SAMPLES FROM SITE L

Dry Water Permeability or
density content hydraulic cond.

(cm/sec)
Boring Sample Depth

(g/cc) (X)On) Classificationno. no.
-6 Lean clay (CL) with sand, brown1.82 x 101.65 20.23.14- 3.811 PI

Silty sand (SM), light brown
Gravelly sand (SP-SH), brown

14.72-14.78
15.67-15.97

2 PI
4.20 x 10

'A

1.18 x 10

1.92 x 10-3
2.76 x 10

1.02 x 10-3

1.84 9.5P2

-3 Gravelly sand (SP-SM), brown6.64- 6.95 5.71.783 PI

Silty sand (SM), light brown
Gravelly, silty sand (SM), dark brown

9.43.87- 4.30
8.20- 8.41

1.514 PI
4.11.87P2

Silty sand (SM), gray
Gravelly sand (SP), gray

1.61 8.34.51- 4.69
12.71-12.80

PI6
P2u>

S' -3 Silty sand (SM), brown1.13 x 104.51- 4.91 1.53 13.27 PI

Note: — Indicates no data available.



TABLE 11. PHYSICAL TESTING DATA FOR SAMPLES FROM SITE M

Dry Water Permeability or
density content hydraulic cond.

(cm/sec)
Boring Sample
no.

Depth
(m) (g/cc) <%) Classificationno.

-3 Sand (SP), gray
Silty sand (SM), gray
Sand (SP-SM), gray.
Sand (SP-SM), gray
Sand (SP), light brown

2.44 x 10
7.92 x 10
2.89 x 10

4.01-4.27
5.85-6.25
7.10-7.62

1.551 12.7
13.5

PI -41.48P2 -31.58 23.5P3

-38.2 2.41 x 10'
2.94 x 10'J2 0.55-1.07

4.36-4.82
1.51PI
1.62P4 22 .2

-4 Silt(ML), gray
Sandy silt(ML), brown
Silty sand(SM), brown
Silty sand(SM), gray

3 PI 0.55-1.01
1.46-1.77
3.63-4.08
4.36-4 88

1.74 x 10
7.27 x 10
4.94 x 10
1.80 x 10

1.39
1.49
1.42
1.59

8.5 -5P2 13.3
29.0
25.2

-4P3 -3P4
u> -5 Plastic clay(CH)with sand, dark gray

Plastic clay(CH), gray
Silty sand(SM), brown
Sand(SP-SM), gray

Cn 2.53-3.05
3.44-3.87
5.58-5.88
7.86-8.38-

44.4 1.54 x 10
2.17 x 10
1.75 x 10""
2.42 x 10""

4 PI 1.11 -8P2 1.30
1.49

39.2
P3 4.5
P5 1.62 22.3

-3 Sand (SP), brownP4 5.12-5.64 2.42 x 101.645 20.1

-6 Plastic clay(CH), gray
Silty sand (SM), gray
Sand (SP-SM), gray

1.96 x 10
1.95 x 10_"
2.29 x 10

4.42 x 10J?
1.79 x 10_!J
1.86 x 10

7.09 x lO-5

0.55-1.07
1.46-1.92
3.57-3.96

1.60
1.49
1.60

6 19.3PI
P2 3.1
P3 12.2

Plastic clay(CH), gray
Plastic clay (CH), gray
Plastic clay(CH)with trace sand,

dark gray
Silty sand (SM), gray

0.55-0.76
1.46-1.98
3.60-4.11

1.29
1.33
1.21

30.47 PI
P2 36.2

45.0P3

1.56 26.6P4 5.12-5.64

Indicates no data available.Note:



TABLE 12. COMPARISON OF THE PHYSICAL PROPERTIES OF THE UPPERMOST
SOIL/SEDIMENT SAMPLES COLLECTED WITHIN AND OUTSIDE THE
DISPOSAL SITE

Water
density content
(gm/cc) (Z)

Permeability or
hydraulic cond.
(cm/sec)

Weight Z
finer than
200 mesh

Dry
Location

Sample - (inside/outside)

-8K2P1 1.49 29.2inside 2.94 x 10 95

-81.72 18.5
17.7

outside
outside
outside
oustide
outside

2.55 x 10
6.20 x 10
4.70 x 10

K3P1
K4P1
K5P1
K6P1
K7P1

89-91.73 89-91.58 24.9 • 95
95
84

-61.65
1.84

1.82 x 10
4.20 x 10

L1P1
L2P2

inside
inside

20.2 91-49.5

-3L3P1
L4P1
L6P1
L7P1

1.78outside
outside
outside
oustide

5.7 1.18 x 10
1.92 x 10
1.02 x 10
1.13 x 10

8-39.41.51 15-31.61
1.53

8.3 15-313.2 27

-3MIPl
M4P1

1.55
1.11

12.7
44.4

2.44 x 10
2.00 x 10

inside
inside

5-5 93

-3M2P1
M3P1
M6P1
M7P1

8.2outside
outside
outside
outside

1.51
1.39
1.60
1.29

2.41 x 10
1.70 x 10
2.00 x 10
4.40 x 10

6-48.5 99-619.3
30.4

98-4 98

Note: — indicates no data available.
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decreased permeability found in samples from beneath the disposal pit. At
least one soil sample under the disposal area showed increased dry density,
increased water content and a higher percentage of fines. At site M, great
variability in soil type was observed at the disposal site (see Table 11) and
this masked the effects that might be produced by the disposal pond. If
homogenous coarse-grained sediments underlie the disposal area, it is possible
to detect physical changes that can be related to the presence of the disposal
site; but these effects are easily concealed by natural variations in sediment
types. Although there is some suggestion of decreased permeability at the
sludge-soil interface at sites L and M there is no conclusive evidence of
self-sealing under the sludge pit or pond.

CHEMICAL ANALYSIS OF GROUNDWATER

The goal on the groundwater investigation is to determine if changes in
chemical parameters observed in different borings at each site could be related
to the position of the boring underneath or outside the disposal area. Data
for chemical analysis of the groundwater samples are given in Tables 13, 14,
and 15.

Published analyses of FGC sludge liquors and elutriates indicate that
high and variable levels of many chemical constituents can be released to
contacting waters (Table 16). As would be expected, calcium and sulfate are
found at extremely high levels — >700 and >2000 ppm respectively in typical
sludge liquor samples. Calcium levels in high quality water supplies are
normally around 10 ppm, and the calcium limit for water of good potability is
about 200 ppm, producing a very hard water. Water quality standards (25)
recommend sulfate levels of less than 250 ppm due to taste and laxative
effects; ideal drinking water having none or a trace. Sludge liquors also
contain trace metals which are contributed mainly by ash co-disposed with the
FGC sludge. Many of these trace metals occur in quantities which are well
above the levels permitted in public drinking water supplies. The most fre-
quent problems are excessive amounts of boron, cadmium, chromium, iron, lead,
manganese, and selenium (16). Chloride typically runs about 10 times (median
of 2300 ppm) the drinking water standards and thus constitutes a major problem
as it is always present in soluble forms which are easily leached into contac-
ting waters.

The randomization test (Table 17) did indicate significant contrasts
between groundwater samples taken underneath and outside the disposal sites.
Significant increases in means between samples under the site as contrasted to
outside the site could be found in mercury and lead at site K; iron, arsenic,
chromium and lead at site L; and in sulfate, chloride and sodium at site M.

The experimental borings at site K were made through pads of bottom ash
dumped into several feet of standing water in the pond. At this site, one of
the holes under the disposal site (boring 2) showed indications of being badly
contaminated by sludge pond liquor. Sulfate, iron, manganese, boron and
chromium all were found at higher concentrations -than are acceptable for
drinking water. In contrast, boring 1 which is also within the pond and only
about 100 meters from boring 2, showed no evidence of infiltrating pond liquor
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TABLE 13. CHEMICAL COMPOSITION OF GROUNDWATER OBTAINED FROM BORINGS AT SITE K

Up groundvater gradient
Boring

Under site Down groundvater gradient
BoringBoring Boring

6Parameters 1 2 3

1*400180 *•2900SO *480 <11 1 <13Cl 10 5 5 5
0.06
0,01

<0.01

0.02
<0.01
<0.01

no -n
NO^-N

0.03
<0.01
<0.01

0.11
<0.01
<0.01CN
6TOC 10 5 12

*49.00
0.055
18.00
0.009

82.00

65.00
0.079
20.00
0.123

95.00

95.00
0.100

70.00
0.117

310.00

59.00
0.53*4

'39.00
*4.*430

23.00

Ca
Fe
Mgtooo Mn
Na

NDNDND NDAs
0.3*4
0.0390
0.000*4

<0.003
<0.003
<0.0002
O.U56
0.002

0.03
0.0390

<0.0003
<0.003
<0.003
<0.0002
0.365
<0.002

0.22
0.1130

<0.0003
<0.003
<0.003
0.0017
0.251
0.002

1.07B
0.0280Be
0.0003
0.076

<0.003
0.000*4
1.360
0.003

Cd
Cr
Cu
Hg
Ni
Pb

NDND NDNDSe
0.082 0.1700.0900.170Zn

Note: All values are in mg/t.
ND * Not determined.



TABLE 14. CHEMICAL COMPOSITION OF GROUNDWATER OBTAINED FROM BORINGS AT SITE L

Up groundwater gradient
Boring

Under site Down groundwater gradient
BoringBoring Boring Boring BoringBoring

4 63Parameters . 2 51 7

249SO 139 HD 1399 299ND HD4SO <1 <1 HDND HD <1<13 35 30Cl ND 50 35NDND
6.6o 3.425.08

0.05
0.01

NO -N
N0;?-N

ND ».25ND ND
0.04 o.o40.06 NDNDND2 <0.01 0.07 NDCN 0.01 <0.01<0.01

14 29 22TOC 12 10 ND19

432.00
<0.003

160.00
12.000
30.20

212.4
<0.003
64.80
2.070

31.90

169.10
<0.003
68.80
6.390

18.90

235.00
<0.003
93.10

3.780
22.70

215.00
<0.003
71.90
9.230

22.40

325.00
0.117

64.60
1.290

18.60

272.00
0.103

50.90
2.81

60.00

Fe
Mg
Mn
Nau>

vO

0.006 0.008
1.93

<0.0005
<0.0003
<0.003
<0.003

0.008
1.99

<0.0005
0.0008
0.003

<0.003
<0.0002
0.024
0.000

<0.005
0.014

<0.005 <0.005
4.71

<0.0005
0.0003

<0.003
<0.003
<0.0002
0.029

<0.002
0.007

<0.014

<0.005
0.76
0.0050
0.0003

<0.003
<0.003

<0.005
1.56

<0.0005
<0.0003
<0.003
<0.003

As
3.48 4.22B

<0.0005
<0.0003
0.003

<0.003
<0.0002
0.021
0.005
0.005
0.019

<0.0005
0.0007

<0.003
<0.003

Be
Cd
Cr
Cu *

NDNDHg ND ND
0.047

<0.002
0.005

<0.014

0.048
<0.002
<0.005
0.020

0.082
< 0.002
0.005

<0.014

0.054
<0.002
<0.005
<0.0l4

Ni
Pb
Se
Zn

All values are in mg/l.Note:

ND =* Not determined.



TABLE 15. CHEMICAL COMPOSITION OF GROUNDWATER OBTAINED FROM BORINGS AT SITE M

Up groundwater gradient
Boring

Under site Down groundwater gradient
BoringBoring Boring Boring BoringBoring

UParameters 62 3 1 5 7

12*4 69 t»99 5*4SO 259 99 219*4SO <1 <1 <1 <1 2 <1 <13 *•5Cl 15 10 30 <5 15 15
9.2*4 *4.10 0.61 0.66 0.U9NO -NN0;?-N

0.1*i0.12
0.06 0.0*1 0.0*4

<0.01
0.09 0.13 0.03

<0.01
0.05

<0.012CN <0.01 0.01 <0.01 <0.01
18 10TOC 11 10 13 13 21* .

177.80
<0.003
1*7.1*0
1.7*K>

10.60

121.60
<0.003
2.80

<0.002
07.70

1*40.70
<0.003
* 3.50
1.130

11.70

158.30
<0.003
3**.00
0.716
8.20

221.00
<0.003
11.50

0.566
01. *40

151.90
<0.003
*41.90
1.350

21.50

225.00 .
<0.003
9*4.10

Ca
Fe
Mg

2.3*4Mn
61.70Na

is
O 0.006 0.006 0.005 0.005

0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
0.000

<0.01*1

<0.005<0.005 0.005As
0.8*40.6*4 *4.*100.22 0.250.32B

<0.0005
<0.0003
0.01*4

<0.003
<0.0002
0.01*4
0.006

<0.005
<0.01*4

<0.0005
<0.0003
<0.003
<0.003
<0.0002
0.011
0.002

<0.005
0.090

, <0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
0.002
0.011
0.018

<0.0005
<0.0003
<0.003
<0.003
<0.0002
0.011
0.002
0.035

<0.01*4

<0.0005
<0.0003
<0.003
<0.003
0.000*4
0.000
0.009
0.009
0.01*4

<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
0.011
0.0*41

Be
Cd
Cr
Cu
Hg
»1
Pb
Se
Zn

Note: All values are In mg/t.
ND * Not determined.



TABLE 16. TYPICAL CONCENTRATIONS OF SELECTED CONSTITUENTS IN FGC SLUDGE
POND LIQUOR AND ELUTRIATES (3) AND SURFACE WATER CRITERIA FOR
PUBLIC WATER SUPPLIES (25,26)

Maximum
permissible

level
(ppm)

Western coal
median cone.

Eastern coal
median cone.
(ppm) (ppm)Constituent

0.009 (7)*
0.013 (7)

0.020 (15)*
0.014 (6)
41.0
0.023 (11)

0.05Arsenic
Beryllium
Boron
Cadmium
Calcium

(1)(1) 1.08.0
0.032 (11) 0.01

(15) (6)700 720

0.020 (15)
0.35 (3)
0.015 (15)
0.026 (5)
0.12 (15)

0.08 (7)
0.14 (2)
0.20 (7)

0.05Chromium
Cobalt
Copper
Iron
Lead

(2) 0.34.3
0.016 (7) 0.05

(6)0.17 (8)
0.001 (10)

0.050.74Manganese
Mercury
Molybdenum
Nickel
Selenium

<0.01 (7)
(1)(1)5.3 0.91

0.09
0.14

(6)0.13 (11)
0.11 (14) (7) 0.01

(6)118Sodium
Zinc
Chloride
Fluoride
Sulfate

0.18 (7)0.046 (15)
(9) 2502,300

(3)3.2 (9) 1.01.5
(7)(13)2,100 3,700 250

Total dissolved
solids (3)12,000 5007,000

* Total number of observations recorded.
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TABLE 17. RESULTS OF RANDOMIZATION TESTS FOR CHEMICAL ANALYSIS OF
GROUNDWATER SAMPLES FROM SITES K, L AND M

Site K Site L Site MParameters

S(increases)NS ND
SO NS ND BDL3 S(decreases)* S(increases)Cl ND
NO -N
NO^-N

NS ND NS
BDL ND NS

S(decreases) S(decreases)CN NS
NS NSTOC NS

S(decreases)Ca NS NS
S(increases)
S(decreases)
S(decreases)

Fe NS NS
NS S(decreases)

S(decreases)
S(increases)

Mg
NSMn
S(decreases) NSNa

S(increases) NSNSAs
NS NS NSB
NS BDL NSBe

Cd NS NS NS
S(increases)BDL BDLCr

BDL BDLCu NS
S(increases)Hg ND BDL

S(decreases)
S(increases)

Ni NS NS
S(increases) NSPb
NDSe NS NS
S NS NSZn

NS * Not significant at 80% confidence level.

S * Significant at 80% confidence level.
BDL * Below detection limits.

ND *= Not determined.
Refers to increase or decrease of constituent under disposal site relative
to outside.
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and was below the maximum permissible level for public water supplies for all
constituents measured (25,26).

The groundwater sampling program at site K was complicated by impervious
rock units and a low water table associated with the Pennsylvanian shales and
limestones in the area. Five of the holes drilled failed to reach the satura-
ted zone before encountering rock units that could not be penetrated by the
auger. The well bored as a control up the postulated groundwater gradient from
the disposal pond (ioring 6) appears to have encountered a local, saturated
zone created by infiltration of pond liquor into the colluvium and weathered
shale forming the valley wall. The water level (elevation 260.06 m) measured
in the well is 2.37 meters below the elevation of the surface of the disposal
pond, suggesting the ponding has caused invasion (for distance of at least 200
meters) into the local colluvial materials.

In boring 3, which is down the apparent groundwater gradient from the
disposal pond, levels for most chemical constituents are present in lower
concentrations than that observed for boring 6 (the upgradient control hole).
Boring 3 is in close proximity (approximately 10 meters distance) to the
margin of a 1052-hectar cooling lake. Uncontaminated water from the lake
could easily infiltrate the boring and bring about the low concentrations
found in this groundwater sample. The elevation of water in the well is less
than a meter below the level of the lake surface suggesting an hydraulic
connection.

Of the two experimental borings through the disposal pond, one (boring 2)
yielded a groundwater sample that approaches pond liquor in composition (see
Table 16); while groundwater from the other (boring 1) appears to be much less
effected by the surrounding waste. In fact, groundwater from boring 1 is
(with the exception of sulfate content) within the range of composition
observed for groundwater from other wells in the county (Table 18). The
sulfate level was 190% higher than the highest value obtained from local water
wells. The difference in water levels observed in experimental borings 1 and
2 (approximately 7 m) suggests no hydraulic connection exists between the two
wells. The materials in the disposal pond include ash and FGC sludges. Sludge
was noted, mixed with ash, in the hole during the drilling of boring 2.
Boring 1, on the other hand, penetrated only ash and clay. The differences in
water samples may be related to this inhomogeneous distribution of FGC sludge
and ash in the disposal pond. The only trace metals that the randomization
test indicated were sigificantly increased in groundwater below the disposal
pond are lead and mercury; two elements probably associated with ash, present
in both experimental borings.

In suamary, at site K, only the groundwater in borings 6 (control boring)
and 2 (experimental boring) show the effects of contamination from disposal
pond liquor. The lack of wider contamination is probably due to the low
permeability of the ash, clay and shale at and around boring 1, and the lack
of permeability in the clay and shales under the disposal pond and between the
pond and boring 3-

At site L, the experimental borings were made directly through the surface
of the solid sludge that had been dumped into the pit. The material had
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TABLE 18. CHEMICAL COMPOSITION OF GROUNDWATER FROM WELLS NEAR SITE K

Local veil
number 36 3219 293 Range31

Cone, (mg/l)
1» .1-62.0
5.0-1030.0
0 .1-0 .8

L.l 1*1.0
1*9.0

62.0 30,030.052.0
lb.O
. 0.1

SOu 8 .06.05.0 1030.0Cl
0.1*0.80.1 0.1F 0.3

0000 0CO 0 0
3 127-566

0. b-bb .O

7.5-17.0

56625l* 1*05 239310127HCO3 6.21*1*.0 o. i*8.9 8.012.0HO3 12.012.017.0 17.0 7.512 .0sio2

28-315
0 . Ob-2.30

6528111*1*3 31599Ca
0.2l*O. Ol* 0.150.18 2.300.05Fe

HDHDHDHD HDHDK
5.1-69.069.0

0.00

15.0
0.00

5.7 13.05.113.0
0.00

Mg
0HD0.000.00Mn

9.V-330.09. b209.09.9330.09.712.0Ha

HD Hot determined.



sufficient bearing capacity to support the drill rig. No standing water was
present. At this site, all of the wells show some effects of pollutants. Even
groundwater from upgradient borings show high levels of nitrate, manganese and
boron. In the case of nitrate and manganese most of the groundwater samples
analyzed in this study exceeded the levels obtained from other wells in the
general area that intercept the same surface aquifer (Table 19). Groundwater
from all the borings made in this investigation exceeded the concentration
limits recommended for public water supplies for manganese and all except
boring 3 exceeded the limits for boron. These high background levels are
probably due to materials added to the groundwater by other industrial disposal
pits in the area.

The most severe groundwater contamination at site L was not observed in
the borings directly through the disposal pit (borings 1 and 2), but rather in
the borings made down the groundwater gradient from the pit (borings 5, 7 and
expedally 6). The randomization test points out significant differences
between groundwater from the borings inside and outside pit; therefore in this
case, the results are not as helpful in pointing out the materials leaching
from the pit as they might be if the maximum pollutant concentrations had
occurred (as would be expected) in borings through the waste. The randomiza-
tion test did show significantly increased concentrations of iron, arsenic,
chromium and lead in groundwater directly under the disposal pit. With the
exception of calcium, magnesium and manganese the concentrations of all elements
measured directly under the disposal area were within the range observed for
water from wells drilled into this same aquifer (Table 19). Calcium in water
from directly under the disposal pit was only 30% higher than the highest
values obtained from local water wells. Concentrations of magn'esium increased
by about 40% under the disposal area and manganese increased by 3%. In the
down gradient holes, calcium levels increased by 73% over the highest values
for local water wells. Concentrations of magnesium increased by 208% and
manganese by 344%. Sulfate levels, where measured, exceeded limits for public
water supply and were up to 191% above highest level in local water wells. .

The results of groundwater analyses at site L were unexpected in that the
contaminants reached maximum levels in wells down the groundwater gradient
from the disposal pit. These high levels may be due to the flow pattern in-
volved in movement of groundwater through and under the disposal site. The
borings in the pit are approximately centered so that the half of the disposal
pit up the groundwater flow gradient is the only part contributing pollutants
to the groundwater collected from the experimental borings. The down gradient
control holes, on the other hand, (especially boring 6) are located on the
edge of the disposal pit and receive water contaminated during travel under
the entire width of the pit. In addition, water washing acrpss the surface of
the sludge and infiltrating at the edge of the pit may be a source of some of
the contaminants appearing in the dovndip borings.

At site M, the sludge is placed in the pond as a slurry and in some
places has such low bearing capacity that it will not support the drill rig.
At this site, the results of the randomization test indicate that sulfate,
chloride and sodium levels are significantly increased in the groundwater
under the disposal pond. This is as would be expected if typical sludge pond
liquor were moving into the groundwater. Groundwater samples from borings
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CHEMICAL COMPOSITION OF GROUNDWATER FROM WELLS NEAR SITE LTABLE 19.

Local well
number 6 6U 5 7 10 Range1 3

Cone, (mg/t )

56-1*80
13-190

0 . 2-0 . 5

7**61*1*80 9656 29097 13080U
1*2lUO 182>* 02 1901513Cl

0.20.3 0 . 2 0.20 . 2 0.2 0.20,5F
0000 0 000 0CO3 122-1*73

0.00-2.70

7.6-20.0

1*1*01*501*35 1* 21*1*73 1*18 363122HCO3a> 0.1*0
16.0

0.60 0.002.70
16.0

1.30 0.000.000.00RO3
7.6 17.0 1 9 . 019.017.0 20.08102

1*0-250
0.10-ll*.00

l.l*-7.5
10-52

0-2.70
. 10-65

ll*0 220 120»*0 120100250 120Ca
6.903.601*1.0006.30 0.30 1.301.500.10Fe
1.1*2 .62.1* 7.53.0'3.9 2.93.0K

1*936.»«038 353552Mg 10
0.21 '1.60 2.700.18 0.00 0.501.200.90Mn

6526 1**U6 1118 3510Na

ND * Not determined.



under the disposal site contain concentrations of sulfate, manganese, boron
and selenium that exceed the levels recommended for public water supply systems.
Concentrations of sulfate, chloride, calcium and sodium in groundwater under
the site are above the maximum concentrations found in published well water
analyses in the same gravel aquifer (Table 20). Sulfate levels are up to 177%
higher, chloride 32% higher, calcium 16% higher and sodium 47% higher.

At site M, the location of the control holes and the flow pattern in the
aquifer allowed dilution to be observed in down gradient control borings 5 and
6. These two hol^s may be on the margin of the pollution plume. Control
boring 7, however, has the highest levels of total organic carbon, calcium,
magnesium and manganese observed in any groundwater sample from this site.
Boring 7 may be showing the maximum effect of the plume from the disposal pond
with possible added effects of pollution from coal storage pile drainage.

From the groundwater analyses of all three sites sampled, it can be con-
cluded that FGC sludge (and ash) disposal degrades groundwater quality if
contaminated water from the site is allowed to escape into the water table. At
site K contaminants are found only in borings penetrating directly through FGC
sludge or through a local, perched water table associated with the disposal
pond. The lack of permeable geologic materials around the pond appears to be
responsible for the high degree of pollutant containment that could be observed.
At site L, the surrounding materials are permeable sands and gravels, but
relatively dry sludge is being placed in a pit not in a settling pond and
little water is maintained above the sludge and ash. Greatest contamination
is observed in borings down the groundwater gradient rather than under the
disposal pit. At site M, the settling/disposal pond is also situated on
permeable sands and gravel. Degradation of groundwater quality was detected
both beneath and down the groundwater gradient from the disposal pond.

CHEMICAL ANALYSIS OF DISTILLED WATER EXTRACTS .

The goal of the distilled water extraction procedure was to determine the
availability of chemical constituents to water contacting the soils,
content of this soil extract varies depending on the following:

The

a) the original components of the soil and their solubilities in
distilled water,

b) the way in which these components have interacted with leachate from
the FGC sludge/ash mixture,

c) the extent to which water-soluble and leachate-soluble components of
the soil have been removed through solution,

the solubilities of materials that are precipitated, filtered or
absorbed from the leachate, and

d)

the amount and content of the interstitial water present in the
samples.

e)
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TABLE 20. CHEMICAL COMPOSITION OF GROUNDWATER FROM WELLS NEAR SITE M

Local well
number 16 lU151 Range

Cone, (mg/t)

100 52-100
16-3»T
0.2-0.5

133 52 130SO1»
16l63>* 21Cl

0.1»0.5 0.2 0.3F
ND NDND NDCO3

219-790
0.1-1.1
16-30

337390 219 790HCO3
00 0.20.1 0.21.1NO3

101620 30SiO2

05 70-190
0.22-3.00

5 - M.l
20-U5

0.30-5.60
23-60

70 190105Ca
3.00 0.590.223.30Fe

5.1« 6.1 5.79.1K
3>» 1« 5 2320Mg

0.1)1»5.600.301.9Mn
601»6 5523Na

ND = Not determined.



Examination of pond liquor and elutriate from FGC sludges (Table 16)
Indicates that leachate from FGC disposal areas will be saturated with respect
to calcium sulfate, will have a high pH, and will contain appreciable amounts
of sodium, chloride, boron, cadmium, chromium, iron, lead, manganese and
selenium. In passing through the soil/sediment, this solution will undergo
ion exchange with clay minerals encountered, bring about increased, solubilization
of silica or aluminum, and cause some precipitation of metals dissolved in
interstitial water but the major portion of material in solution in the leachate
will remain in solution and will be carried into the groundwater. It is
expected that attenuation by filtration, adsorption or ion exchange will
reduce the pollution potential of the leachate only slightly.
Comparison of Distilled Water Extracts Beneath
and Outside the Disposal Sites

The results of the chemical analyses of the distilled water extracts of
the soil samples are given in Tables 21-26. The results of the randomization
test are given In Table 27. At site K, significant differences in the com-
position of the distilled water extracts were observed only for nitrate and
mercury. Nitrate shoved a small increase in water extracts of sub-site soils.
This may have been due to the presence of nitrates scrubbed from the flue gas.
The small decrease in mercury observed in the distilled water extract from the
sub-site soil may be related to the Increased alkalinity (high pH) of the
leachate from the sludge pond. Host metals have low solubility under moderately
alkaline conditions.

At site L, the randomization test showed significant increases in sul-
fate, sodium and boron in distilled water extracts from soil directly beneath
the disposal site as compared to soil samples taken at comparable depths
outside the disposal site. These were the only significant contrasts noted at
this site. High sodium and sulfate levels would be expected from a FGC sludge
leachate because the interstitial water in the sludge commonly contains both
of these constituents. Elevated levels of boron are usually associated with
ash, not FGC sludge. Therefore it is likely that the boron is derived from
ash co-disposed with the air cleaning sludge.

At site M, sulfate, boron, potassium, arsenic and selenium showed signi-
ficantly increased levels in the distilled water extracts from under the
disposal site as contrasted with the soil/sediment samples collected at similar
elevations outside the disposal site. The latter four elements are associated
with ash more often than with FGC sludges, therefore the increases detected in
these elements can probably be related to the ash co-disposed with the FGC
sludge. Significant decreases in nitrite, iron, magnesium and manganese were
detected in the distilled water extracts from under the disposal site. The
lover nitrite level was probably related to low levels of nitrite in the
FGC/ash leachate and the lack of vegetation that releases nitrogen compounds
in the disposal pit as compared to the surrounding area. The lower iron, *

magnesium and manganese levels were probably related to the higher pH that
would lover the solubility of these metals under the disposal site.

In general very little contrast in concentration of distilled-water
extractable materials was detected under the disposal sites. The most con-
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TABLE 21. ANALYSES OF DISTILLED WATER EXTRACTS OF SOIL SAMPLES FROM EXPERIMENTAL BORINGS AT SITE K

Boring
and sample 2C41CU1C2 1C31C1 2C1 2C2 2C3

Elevation(m) 261.23 258.30 256.32 260.01260. U2 258.011 255.07257.17

Depth below
sludge/soil
interface (m) 5.2*1 0.1*1l.lli 3.26 -1.83 1.01 3.110.23

Ht. above water
table(m) -5.2*i 0.06

*
2.16 *-l.l*i -3.26 3.17• 5.00-0.23

Cone,(mg/t) 168 1*100*i2 2*i 202020SO4 16 <1 <1<r<1 <1<11803 <5<5<5 <5<5 <5 10<5Cl
0.06

<0.01
<0.01

0.18
<0.01
<0.01

0.10
<0.01
<0.01

0.11
<0.01
<0.01

0.29
0.02

0.03
<0.01
<0.01

HDHO -NHO*-H 0.11
0.02
0.01

HDLn
<0.01 <0.01O CH

8 <11*» <122 112TOC

14.00
0.117

650.00
0.3*»0

9.5011.00
0.332

7.00 2.70
2.350

7.50 5.00Ca
1.56026.750 6.500 0.099Fe

HD HDHDHD HDHD HD HDK
3.*»0

<0.002
6.20

2.80
0.362
U.90

2.50
0.019
5.10

2.203.00 2.90
<0.002
12.00

12.00
0.158
23.00

3.20
0.043
12.00

Mg
0.00*1
8.50

0.009Mn
7.90Ha

. HD
<0.02
0.1330
<0.0003
0.078
<0.003
<0.0002
1.560

<0.002

HD HDHDHD HDNDHDAs
0,94
<0.0005
<0.0003
<0.003
<0.003
0.0007
0.038

<0.002

<0.02
<0.0005
0.0003
<0.003
<0.003
<0.0002
0.075
<0.002

0.0*i
<0.0005
0.0003
0.036
<0.003
<0.0002
0.073
<0.002

0.08
<0.0005
0.0003

<0.003
<0.003
0.0010
0.034
<0.002

<0.02
0.0005

<0.0003
<0.003
0.008

<0.0002
<0.005
0.002

0.05
0.0040
0.0005
0.032
0.003

<0.0002
0.030
0.002

0.12
0.0070
0.0*150
0.l4l
0.0*41
<0.0002
0.106
0.010

B
Be
Cd
Cr
Cu
Mg
Ni
Pb

ND NDNDNDNDND NDNDSe 0.2460.100 0.0790.043 0.1590.000 0.0790.231Zn

ND * Not determined.



TABLE 22. ANALYSES OF DISTILLED WATER EXTRACTS OF SOIL SAMPLES FROM CONTROL BORINGS AT SITE K

Borin*•ad NipU 6ci 6C3 7Cti6C25C1 5C2 7C2 7C33C5 7CX

256.3d 259- fcO 257.8U262.1*2 262.1*2 261.20Elevation (a) 251.1*5 261.51 257.89257.30

Ht. above vatar
table (a ) (dry )7.65 (dry ) (dry )(dry ) 2.36 (dry ) (dry )

#1.1*5 -2.17

Poeltioa in
groundvater
gradient UpdipUpdip UpdipUpdipDovndip Dovndip UpdipDovndip UpdipUpdip

Cone , (ag/t ) 16162U2818 iiO1*6 68180120
<11 <1<1<1 11 1 <1 <1
<5<5 <5<5<5 <5<5 <5 <5 <5

O.Ol*
<0.01
<0.01

0.01*
0.01

0.03
0.01

<0.01

0.06
<0.01
<0.01

0.02
<0.01
<0.01

0.01
0.01

<0.01

<0.01
<0.01
<0.01

MO -N
Nor-M

0.05
<0.01
<0.01

0.02
<0.01
<0.01

<0.01
<0.01
<0.01

Ui 2 <0.01M CM 168 11 571*238 lU 102TOC

1*.50
8.000

6.00
10.500

0.00
1.130

6.00
2.500

6.50
0.690

2.50
1.210

7.008.00 13.00
.'180.000

9.00
3l*.500

Ca 0.623Fe 35.000 ND NDND NDNDNDNDNDK ND ND 1*.1*0
0.071*

11.00

1* . 20
0.010

16.00

2.80
0.011

ll*.00

3.20
O.OOl*

15.00

3.20
0.176
9.00

3>*.00
0.577

25.00

16.00
0.227

25.00

8.00 3.10
0.018

5** . 00

3.50
0.1*02
1*.30

<0.002
36.00

Mn
Ne

NDND NDNDNDNDNDND NDAs ND 0.01*6
<0.0005

O. OOOi*
<0.003
< 0.003
<0.0002
<0.005
<0.002

0.01* 3
0.0020
0.0003
0.003
0.003

<0.0002
0.006
0.012

0.06
<0.0005
0.0007

<0.003
< 0.003
<0.0002
<0.005
0.087

<0.02
0.0010
0.0006
0.099
0.055
0.0001*0.067
0.016

0.10
< 0.0005
0.0005

< 0.003
< 0.003
0.0012

<0.005
0.006

0.06
0.0060

<0.0003
0.081
0.025
0.0001*0.106
0.012

0.04
< 0.0005
0.0006

< 0.003
< 0.003
<0.0002
0.035
0.002

0.2U
0.0180
0.0011
0.1*01
0.110
0.0015
0.283
0.090

0.05
0.0010

< 0, 0003
O.OOl*

<0.003
<0.0002
0.035

<0.002

0.10
0.0080
0.0011
0.138
0.030

<0.0002
0.131*
0.026

B
Be
Cd
Cr
Cu

Ni
Pb ND ND NDNDNDNDNDND ND NDSe 0.058 0.1300.1020.066 0.135O.76U 0.326 0.0500.0330.317Zn

ND * Not determined.



TABLE 23. ANALYSES OF DISTILLED WATER EXTRACTS OF SOIL SAMPLES FROM EXPERIMENTAL BORINGS AT SITE I,

Boring
and sample ICU 2CU1C21C1 1C3 2C22C1 2C3

130.1*8 129.56 127.1*8Elevation (m) 130.25 123.39 121.98132.02 122.91

Depth below
sludge/soil
interface (m) -7.21*-1.1*5 -0.383.100.09 1.01 0.10 1.03

Ht. above water
table (m) 8.29 6.21 1.638.1*99.21 1.15 0.2210.75

Cone,(mg/i)
661*6 1*96 1U6226 <8 3161721so1* <1 < 1<1 <1 <1 <1<1<1so3 < 5< 5<5 15 <5 < 5< 5< 5Cl
0.31*

<0.01
< 0.01

o.ou
< 0.01
<0.01

0.2l*
<0.01
< 0.01

0.58
0.02

<0, 01

0.21
<0.01
<0.01

0.02
<0.01
< 0.01

< 0.01 0.50
0.01

<0.01

HO -HHO?-H 0.01Ln 2N) CH <0.01
161* 1*6 < 1<1<1 <1TOC

25l*. 30
< 0.003

17.60
< 0.003

21*.70
<0.003

1*70.30
<0.003

11*9.30
< 0.003

13.30
<0.003

20.30
<0.003

12.00
<0.003

Ca
re

HD HDHDHDHD HD HDHDK
O. llOO

<0.002
3.10

1.600
<0.002
10.60

11.600
<0.002

5.1*0

2.1*00
<0.002
0.59

0.9l»0
<0.002
12.20

0.250
0.038

21.20

7.300
1*.720
1.1*0

1.000
< 0.002
5.80

Mg
Mn
Ha

< 0.005
0.51*

< 0.0005
< 0.0003
<0.003
< 0.003
<0.0002
< 0.005
<0.002
< 0.005*

< 0.011*

0.025 <0.0050.058 <0.005
<0.02
<0.0005
<0.0003
< 0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
< 0.0ll*

0.025
11.25
0.0100

<0.0003
0.035

< 0.003
<0.0002
< 0.005
< 0.002
0.035

< 0.011*

<0.005
2.19

<0.0005
0.0220

< 0.003
< 0.003
< 0.0002
< 0.005
< 0.002
<0.005
< 0.0ll*

<0.005
0.15

< 0.0005
< 0.0003
< 0.003.
< 0.003
<0.0002

0.005
<0.002
< 0.005
< 0.0lt*

As
8.10 3.95 0, 51B

0.0100
<0.0003
0.036

< 0.003
<0.0002

<0.0005
<0.0003
<0.003
< 0.003
<0.0002

< 0.0005
< 0.0003
0.003

<0.003
<0.0002
<0.005
<0.002
0.058

< 0.011*

Be
Cd
Cr
Cu
Hg

< 0.005
<0.002
< 0.005
< 0.0ll*

<0.005
<0.002
0.01*1

< 0.0ll*

Hi
Fb
Se
Zn

HD * Hot determined.



TABLE 24. AHALYSES OF DISTILLED WATER EXTRACTS OF SOIL SAMPLES FROM CONTROL BORINGS AT SITE L

lorlog
BA4 laapU K5 4C1 4C2 4C3 4C4 SC2 SCI4C5 SCI

ClmUot («) 132.$7 121.70121.30 124.60 123. SS 130.60 129.69 127.S9121.42

Nc. above water
table (a) -0.41 10.93 6.66 2. S6 9.22 8.31 - 6.211.S1 -0.62

Posit loo in
groundwater
gradient Up«Up Updip Updip Updip Updip Dovndip Dovndlp DovndlpUpdip

Cooc. (og/l)
568 <8 <8 21 1414 <8 <8
<1<1 <1<1 < 1 <1<1 <1 <1
<525 <5 <535 <5 100< 5 IS

0.50
<0.01
<0.01

1.140.19
0.02

<0.01

0.67
<0.01
<0.01

1.60NO -N
NOI-N

0.11 0.01 0.02
<0.01
<0.01

0.09
<0.01
<0.01

<0.01
0.01

<0.01
<0.01

<0.01
<0.01

<0.01
<0.012CMIn 10 < 1u> <1 < 1TOC 2 18 <1<1 17

16.10
0.100

69.10
<0.003

33.50
<0.003

27.50
<0.003

13.80
<0.003

8.50Ca 38.30
<0.003

4.30
<0.003

15.10
<0.003 0.290Fe

ND ' ND NDND NDK ND NDND ND
2.20 7.90 6.20

0.120
1.10

6.50
<0.002
1.40

11.50
<0.002

4.10

5.00
<0.002

1.20

Mg 6.60 6.00
<0.002

3.10
0.044
0.38

0.016
0.38

Nn 0.020 0.003
Ns 0.511.00 0.97

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

<0.005
0.10

<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

<0.005
0.04

<0.0005
<0.0003
0.011

<0.003
<0.0002
<0.005
<0.002
0.008

<0.014

<0.005
<0.02
0.0005

<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

<0.005
0.30

<0.0005
<0.0003
0.004

<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

<0.005
0.17

<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

As <0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.014

B
Be
Cd
Cr
Cu
Hg
Ni
Pb
Se
Zn

(continued)



TABLE 24(CONTINUED)

Boring
and sample 5C6 6C55C*I 7C*i5C5 7C1 7C2 7C3 7C5

123. 121.6*1Elevation(m) 125.*»5 128.69 12*1.98121.30 133.22 123.9*» 121.90

Ht. above water
table(in) 2.06*1.07 -0.08 7.0*i0.33 11.3T 3.13 2.09 0.05

Position in
groundwater
gradient DovndipDovndipDowndip Dovndip DowndipDowndip Downdip Downdip Dovndip

Cone,(mg/t)
<8<8<8 . •<0<0 <8 <81115SOu <1< 1 <1< 1 < 1<1 <1 <1so <13 <5<525 <515 10 <5 < 5< 5Cl

0.0*40.16
<0.01
<0.01

0.12
<0.01
<0.01

0.19 0.01
<0.01
<0.01

2.90 0.13
<0.01
<0.01

0.07
<0.01
<0.01

<0.01
<0.01
< 0.01

NO -NNOf-N < 0.01
<0.01

< 0.01<0.012 0.01<0.01CH
is 60 6 3<1<1 2 5 <1TOC

0.00
<0.003

11.00
<0.003

1*1.50
<0.003

9.50
<0.003

18.50
<0.003

12.10
<0.003

11.50
<0.003

10.30
<0.003

19.10
< 0.003

Ca
Fe

IfD NDNDND ND NDND NDNDK
2.*» 0
0.002

2.60 3.60
<0.002

3.60
<0.002
0. *42

5.60
<0.002
1.20

2.00
0.002
l. *40

2.10
<0.002
0.30

7.90
0.107
0.55

3.90
0.003

Mg
<0.002
0.*47

Mn
0.380, 3*4 0.51Na

<0.005
<0.02
<0.0005
< 0.0003
<0.003
<0.003
<0.0002
< 0.005
<0.002
<0.005
<0.01*4

<0.005
<0.02
<0.0005
<0.0003
<0.003
< 0, 003
<0.0002
<0.005
<0.002
<0.005
<0.01*4

<0.005
0.30

<0.0005
< 0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
< 0.01*4

<0.005
< 0.02
<0.0005
0.0007

<0.003
<0.003
<0.0002
0.009

<0.002
<0.005
< 0.01*4

<0.005
0.10

<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.01*4

<0.005
<0.02
0.0100

<0.0003
<0.003
<0.003
<0.0002
< 0.005
< 0.002
< 0.005
<0.01*4

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
< 0.0002
0.020

<0.002
<0.005
<0.01*4

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.01*4

<0.005
0.18

<0.0005
<0.0003
< 0.003
< 0.003
< 0.0002
< 0.005
<0.002
<0.005
<0.01*4

As
B
Be
Cd
Cr
Cu
Hg
Ni
Pb
Se
Zn

ND • Hot determined.



TABLE 25. ANALYSES OF DISTILLED HATER EXTRACTS OF SOIL SAMPLES FROM EXPERIMENTAL BORINGS AT SITE M

Boring
and tuple UCU tiC5xck 1*C1 1*C2 UC31C2IC1 1C3

216.65216.96 217.hiElevation (a) 220.81 221.96 218.93222.77 217.73 221.07

Depth belqv
tludge/toil
interface (a) 14.66 5.»*23.1»*-1.89 0.07 1.92 3.15 0.09 1.00

Ht. above water
table (a ) 1.98 0.1*61*.12 -0.305.96 »•.00 5.032.15 0.92

Cone, (ag/t )
< 8 1*176 <8 3928 150 11SO 39U <1<1 <1<1< 1<1SO 190 <1 <13 < 5< 5< 5 < 51010 <5 <5 <5Cl o. ou
<0.01
<0.01

0.02
< 0.01
<0.01

0.01
<0.01
<0.01

0.02
<0.01
<0.01

0.10
<0.01
<0.01

0.09
<0.01
<0.01

0.12
<0.01
<0.01

HO -N
HOX-M

<0.01
<0.01
<0.01

< 0.01
<0.01
<0.012CHUi 18 9<121125 3TOC 2Ln

6.20
0.320
1.80
0.52
0.010
2.60

1 U . 10
0.530
3.70
1.1*0
0.011
6.10

17.80
0.1*70
9.70 .
0.76
0.030

16.00

13.70
0.380
3.10
0.67
0.006

56.20
<0.003
35.00
<0.03
<0.002
20.30

73.20
<0.003
18.20

0.22
0.003

2lt.50

10.50
<0.003
1.30
2.00
0.002
U. 30

5.10
<0.003
ll*.80
<0.03
0.002
8.20

10.10
0.320
3.00
1.10
0.007
3.90

Ca
Fe
K

Mn »*.80Na

0.018
2.15

<0.0005
0.0005

<0.003
<0.003
<0.0002
<0.005
<0.002
0.151

<0.011*

<0.005
0.36

< 0.0005
< 0.0003
<0.003
<0.003
<0.0002
<0.005

0.002
<0.005
<0.0lU

<0.005
0.97

< 0.0005
<0.0003
< 0.003
<0.003
<0.0002
< 0.005
<0.002
<0.005
<0.01*t

< 0.005
1 . 0 1

<0.0005
0.0005

<0.003
<0.003
<0.0002
0.009
O.OOlt
0.005

<0.0llt

<0.005
0.11

< 0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
0.007

< 0.005
<0.0llt

0.007
0.05

<0.0005
<0.0003
<0.003
< 0.003
<0.0002
<0.005
0.009
0.005

<0.011*

<0.005
O.Olt

<0.0005
<0.0003
<0.003
< 0.003
<0.0002
<0.005
0.005

<0.005
< 0.011*

As 0.011
0.0»*

<0.0005
0.0019

< 0.003
< 0.003
<0.0002
0.02»t

<0.002
O.Oll*

< 0.01U

0.031
0.13

<0.0005
< 0.0003
<0.003
<0.003
0.0005

<0.005
<0.002
0.009

< 0.011*

B
Be
Cd
Cr
Cu
Hg
Ni
Fb
Se
Zn

ND * Not determined.



TABLE 26. ANALYSES OF DISTILLED WATER EXTRACTS OF SOIL SAMPLES FROM CONTROL BORINGS AT SITE M

Boring
and sample 2Ch2C2 3C32C3 3C1 3C22C1

210.61«220.87 218.72221.78Elevation (m) 221.70 220.79217.97

Ht. above water
table (m) 1.5*»3.69U.603.96 0.90 0.153.05

Position in
groundwater
gradient itpdip UpdipUpdipUpdipUpdipUpdipUpdip

Cone. ( mg/ t ) 816<816 21' <812SO *4 <1<1<1<1<1<1<1so3 <5<5<5<5<5<5<5Cl 0.07
<0.01
<0.01

0.2*4
<0.01
<0.01

0.010.16
<0.01
<0.01

ND0.30
<0.01
<0.01

0.92
0.02

<0.01

NO -HNOX-N 0.0*40.02
<0.01

Ln
2 <0.01CN li1«62537TOC

19-90<0.003
5.00
7.00
0.012

17.10
3.000
0.95

11.60
O.UlO

30.10
0.620
1.60
*4.70
0.01*4
0.03

12.80
0.620

19.00
1.100
1.00
*4.30
0.018
1.20

17.10
<0.003

Ca
Fe

1.700.53
5.10

0.77K 3.603.70
0.002
1.20

3.00Mg 0.0390.0530.007
0.83

Mn **.500.7*40.96Na
<0.005*

0.03
<0,0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
0.005
<0.005
<0.01*4

<0.005
0.05

<0.0005
<0.0003
<0.003
< 0.003
<0.0002
< 0.005
<0.002
< 0.005
<0.01*4

< 0.005
0.0*4

< 0.0005
< 0.0003
0.003

< 0.003
0.000*4

< 0.005
0.002

< 0.005
<0.01*4

< 0.005
<0.02
< 0.0005
< 0.0003
<0.003
< 0.003
0.0003

< 0.005
<0.002
< 0.005
<0.01*4

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
0.002

<0.005
<0.01*4

<0.005
<0.02
<0.0005
<0.0003
<0.003
<0.003
0.0005

<0.005
0.006

<0.005
<0.01*4

<0.005
0.03

< 0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
0.003

< 0.005
<0.01*4

As
B
Be
Cd
Cr
Cu
Hg
Ni
Pb
Se
Zn

(continued)



TABLE 26(CONTINUED)

Boring
*nd staple 3CU 5C*» 6c4 7CU7C1 7C37C2

Elevation (a) 216.52217.09 216.lU 210.05220.10217.17 221.09

Ht. above water
table ( m ) 1.80 0.270.79 0.03 -0.03 3.93

Position in
groundwater
gradient Downdlp DowndipDowndlpDowndipUpdlp Downdip Downdip

Cone. ( mg/O
* 5* 5<8 358 <8 37SO » 4 <1 <1<1 <1<1SO <1 <13 <5<5<5 <5< 5 < 5Cl < 5 0.62
0.13

<0.01

0.01
<0.01
<0.01

0.0*4
<0.01
<0.01

2.72
<0.01
<0.01

1.02
< 0.01
<0.01

0.01
<0.01
<0.01

NO -N
NOJT-N

0.12
<0.01
<0.012CNUl 8U <193 <1TOC <1

38.50
0.120
6.00
9.70
0.007
8.30

20.80
<0.003
3.50
7.10
0.002
6.70

6.20
0.710
0.95
2.00
0.015
1 . 0 0

31.70
0.1*40
5.10
3.80
0.006
1.60

33.50
0.230

7.20
0.650
0.8*4
2. *»0

Ca 12.70
0.290
1.80 *

*4.00
0.003
1.10

Fe
3.00K
6.70
0.006

Mg
0.007Mn
0.6l 2 . 1 0Na

<0.005
0.03

< 0.0005
< 0.0003
<0.003
0.*43*4

<0.0002
< 0.005
0.010

< 0.005
0.2*47

< 0.005
0.03

<0.0005
<0.0003
<0.003
<0.003
<0.0002
<0.005
<0.002
<0.005
<0.01 *4

< 0.005
0.05

< 0.0005
< 0.0003
< 0.003
< 0.003
<0.0002
< 0.005
<0.002
< 0.005
< 0.01*4

0.010
0.07

< 0.0005
0.0007

< 0.003
< 0.003
<0.0002

• < 0.005
<0.002
< 0.005
< 0.01*4

< 0.005
<0.02
<0.0005
< 0.0003
<0.003
< 0.003
<0.0002
< 0.005
0.002

•cO.005
< 0.01 *4

<0.005
<0.02
<0.0005
<0.0003
< 0.003
< 0.003
<0.0002
< 0.005
0.002

<0.005
< 0.0l l4

< 0.005
0.02

<0.0005
< 0.0003
< 0.003
<0.003
< 0.0002
<0.005
0.002

<0.005
< 0.01*4

As
B
Be
Cd
Cr
Cu
Hg
Ni
Pb
Se
Zn

ND = Not determined.



RESULTS OF RANDOMIZATION TEST ON DISTILLED WATER EXTRACTS OF
SOIL SAMPLES DIRECTLY UNDER THE FGC DISPOSAL SITES AND AT
COMPARABLE DEPTHS OUTSIDE THE SITES

TABLE 27.

Site L Site MSite KParameters

S(increase)NS NSSO4 BDLNS BDLSO3 BDL BDLBDLCl
S(increase)* NS NSNO -N

NOI-N S(decrease)BDLNS2 BDL BDLBDLCN
NS NSNSTOC

NS NSNSCa
S(decrease)
S(increase)
S(decrease)
S(decrease)
S(increase)

BDLNSFe
NDNDK
NSNSMg
NSNSMn
S(increase)NSNa

S(increase)
S(increase)

NDNDAs
S(increase)NSB

BDL BDLNSBe
NSBDLNSCd

BDL BDLNSCr
BDLBDLNSCu

S(decrease) BDL NSHg
BDLBDLNSNi
NSBDLNSPb
S(increase)BDLNDSe

BDL BDLNSZn

NS * Not significant at 80% confidence level.
S - Significant at 80% confidence level.

BDL * Below detection limits.
ND Not determined.

* Refers to increase or decrease of constituent under disposal site
relative to outside.
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sistent changes found were increased levels of sodium and boron. Elevated
concentrations of sulfate were detected at site L. The immobilization of some
metals, probably due to high pH levels, was detected at sites K and M.

Vertical Variations of Concentrations in
Distilled Water Extracts of Soil Samples

For those elements that did show a significant difference between control
(outside disposal site)samples and experimental(inside disposal site)samples,
a test was made for a significant relationship between the available concentra-
tion of a particular constituent and sample elevation. As suggested by the
model(Figure 1), trfose materials present in the sludge liquor should show a
positive correlation with elevation in experimental borings(these below the
disposal area). A significant negative correlation would be predicted by the
model for those soil constituents that are being dissolved by the sludge liquor
and moved down out of the soil and into the groundwater. In control borings
the distribution of available soil constituents depends on weathering processes
and the concentration and solubility of the particular material, and could
therefore have a significant positive or negative correlation with elevation
or no significant correlation at all.

A non-parametric test of association, the Spearman rank correlation
coefficient, was used to assess the strength of association between the con-
centration of a particular soil constituent and sample elevation. This techni-que is suited especially for use with small sample numbers where the statistical
distribution is not known. In several cases, the small number of samples
having detectable quantities of a particular constituent made it impossible to
judge the significance of the correlation coefficients obtained. The results
of the statistical tests are given in Tables 28-30. Plots of concentration
versus sample elevation for all constituents in experimental borings that
showed statistically significant relationships with depth are presented in
Figures 7-11. Plots of significant relationships in control borings are
included for contrast. At site K, no soil/sediment constituents, as tested
above, showed any significant relationship with sample elevation. This was not
unexpected, as only nitrate and mercury showed any contrast under and outside
the disposal pond. The pond Itself is underlain by impervious Pennsylvanian
shales and limestones which decreases the likelihood of vertical migration of
sludge constituents.

Site L(especially boring 1)comes closest to giving results predicted by
the model for pollutant migration. The pattern of leachable constituents
observed under the disposal pit(a significant positive correlation with
elevation)indicates that the sludge/ash in the pit is contributing boron,
sodium, and sulfate to the soil below the pit in a water-extractable form.
The sands and gravels below the pit in this hole have low cation exchange
capacities and most of the material in these samples is probably reflecting
the concentration of these constituents in the infiltrating water.

At site M, many soil constituents showed significant contrasts beneath
and outside the disposal pond; but, only potassium and selenium (in boring 1)
showed a significant correlation of concentration in distilled water extracts
versus sample elevation tinder the site. The most striking aspect of this data
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TABLE 28. CORRELATION OF CHEMICAL ANALYSES OF DISTILLED WATER EXTRACTS OF
SOILS WITH SAMPLE ELEVATION AT SITE K

1 2 6Boring 7

NS(0.80)* NS(-0.40) NS(-0.50)* NS(-0.80)NO_-N3

NS(-0.20) NS(0.40) ** SP(l.OO)Hg

SP Significant positive correlation at 95Z level.
SN » Significant negative correlation at 95Z level.
NS - No significant correlation.

* “ Significance level reduced to 83Z because of small sample size for this
constituent in this boring.

** » Too few samples above detection limits.
Number in parentheses is the calculated value of r

^
, the Spearman rank

correlation coefficient.
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CORRELATION OF CHEMICAL ANALYSES OF DISTILLED WATER EXTRACTS OF
SOILS WITH SAMPLE ELEVATION AT SITE L

TABLE 29.

752 4Boring 1

SP(0.88)NS(0.80)SP(l.OO) ***°4
NS(-0.30)SP(0.88)NSC-0.60) NS(O.OO)SP(l.OO)Nn

NS(0.60)SP(l.OO) NS(0.80) **B

SP “ Significant positive correlation at 9SZ level.
SN Significant negative correlation at 9SZ level.
NS• No significant correlation.
**• Too few samples above detection llaits.
Number in parentheses is the calculated value of r^

, Spearman rank
correlation coefficient.
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TABLE 30. CORRELATION OF CHEMICAL ANALYSES OF DISTILLED WATER EXTRACTS OF
SOILS WITH SAMPLE ELEVATION AT SITE M

41 2Boring 3 7

** **NO„-N NS(0.80)** **2

NS(-0.50)Fe ** NS(0.40) NS(0.60) SP(l.OO)

SP(l.OO) NS(0.70)K NS(-0.60) NS(-0.60) NS(0.00)

NS(-0.80) NS(-0.50) NS(-0.20)Mg NS(0.00) NS(-0.80)
NS(-0.40) NS(-0.10) NS(0.40)Mn NS(0.80) NS(0.40)

NS(0.80) NS(0.70) NS(-0.80) NS(-0.60) NS(-0.80)Na

NS(0.80) **As ** ** **

NS(0.40) NS(0.70) NS(0.40)** SP(l.OO)B

SP(l.OO) ** **Se ** **

SP * Significant positive correlation at 952 level.
SN * Significant negative correlation at 952 level.
NS * No significant correlation. ,

** * Too few samples above detection limits.
Number in parentheses is the calculated value of r

^t the Spearman rank
correlation coefficient.
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Figure 7.
ntracti of soil/sediment samples vlth elevation in borings 1 and 5 at site L.

Variation of sulfate concentration in distilled water
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Figure 8.
soil/sediment samples with elevation in borings 1 and 5 at site L.

Variation of sodium concentration in distilled water extracts of
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Figure 9# Variation of boron concentration in distilled water extracts of

soil/sediment samples with elevation in boring 1 at site L.
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set is that most of the soil constituents were so uniformly distributed through
the soil/sediment column. Possible explanations of this uniformity are that
the interstitial water is the major source of the materials measured and that
this water moves unchanged through the soil/sediment column, or that the
removal capacity of the soil has been exhausted.

As expected, the soils beneath the disposal sites did not hold any appreci-
able quantities of water-extractable materials that could be related to the
pollutants from the FGC sludge/ash. The high levels of contamination observed
in the groundwater indicate that pollutants have passed through the soil, but
the low levels of contaminants found in the distilled water extracts indicate
the polluting material does not remain in the soil in a water soluble condition.

Horizontal Variation in Distilled Water Extracts of
Soil/Sediment Samples Below the Water Table

Analyses of distilled water extracts of soil/sediment samples collected
below the water table were examined in order to determine if sludge-derived
materials were accumulating below this horizon in a water-extractable form.
Plots of cross-sections through the site versus concentration are shown in
Figures 12-15. The model of groundwater movement assumes all significant
lateral migration of pollutants occurs below the water table. Two factors

* should effect the concentration of contaminants in distilled water* extracts;
the concentration of sludge-derived materials in infiltrating water and the
character of the soil/sediment.

At site K, the highest values for all constituents measured were found
under the disposal pond or dovndip from the pond as predicted from the model
situation. Sulfite, nitrate, nitrite, cyanide, calcium, magnesium, sodium,
boron, beryllium, cadmium, chromium, copper, and lead were found in their
Tnayimnn amounts in water extracts from directly under the disposal pond.
Sulfate, total organic carbon, iron, manganese, mercury, nickel and zinc were
found in their maximum concentrations down gradient from the disposal site.
With the exception of boring 1, the level of contamination in the groundwater
is not reflected by the level of constituents in the distilled water extract
from soils. The low correlation with groundwater chemistry may reflect the
strong influence of the original composition of the material that was extracted.

At site L, maximum concentrations in distilled water extracts were observed
in borings under the disposal pit for sulfate, total organic carbon, sodium
and boron. Maximum concentrations for chloride, nitrite, calcium, magnesium,
manganese, chromium and selenium were found in upgradient borings. Maximum
concentrations for cyanide and beryllium were found in down gradient borings.
These results agree with the groundwater analyses in that elevated sodium and
boron levels were noted under the disposal pit. For other constituents there
seems to be no consistent pattern and all were found in low concentrations.

At site M, maxima for sulfate, total organic carbon, -boron and lead were
found under the disposal area. Maxima for nitrate and mercury were foun^ in
upgradient borings.
manganese and sodium occurred in the down gradient borings,
and L where the substrate is sand and gravel many consistuents were below

Maximum levels for calcium, iron, potassium, magnesium,
At both sites M
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detection limits in all borings* In this situation where the underlying
material is relatively uniform, the highest levels of sulfate, total organic
carbon and boron are consistently associated with borings under the disposal
area.

The use of analytical data from distilled water extracts to indicate the
presence of loosely bound pollutant materials is limited because of the large
differences produced by the changing nature of the geologic materials under-neath the disposal areas, the background levels of exchangeable constituents
that are likely to be present under an industrial area, and the limited capa-city of many materials(expeclally sand and gravel) to exchange or absorb
incoming materials. Several major constituents(sulfate, sodium and boron)
associated with FGC pond liquors did show a consistent distribution with
maxima occurring under or down the groundwater gradient from the disposal
areas.

CHEMICAL ANALYSES OF NITRIC ACID DIGESTS

The goal of the nitric acid digestion procedure was to determine the
total amount of material that could be removed from the soil by rigorous
treatment with a strong, oxidizing acid. This digest brings into solution all
materials that are not tightly bound in a silicate lattice. Contaminants
leached from the FGC disposal area and deposited in the soil should be released
in the nitric acid digest. The evidence that attenuation is occurring would
be the higher concentration of the attenuated materials under the disposal
site as compared to similar samples outside the site and decreasing concentration
in nitric acid digests of samples taken at decreasing elevations(increasing
depths)below the disposal site. Evidence that mobilization of material from
soil under the site is occurring would be the lower concentrations of material
under the disposal site as compared to similar samples outside the site. In
this case, concentrations of mobilized constituents would increase with de-creasing elevations(increasing depth)below the disposal site. The absence
of any significant difference between the concentrations of constituents in
the nitric acid digest from the soils would indicate either no leachate is
passing through the soil, or leachate passing through the soil is not inter-
acting with the soil. Analyses of groundwater obtained from borings under and
down the groundwater gradient from the disposal sites can indicate if sludge-derived constituents get through the soil into the groundwater.

Published analyses of pond liquor or elutriates(Table 16)indicate any
leachate escaping from the disposal areas is saturated with calcium and sul-
fate, and is high in sodium and chloride. Common pHfs are between 8 and 10.
Leachate with a composition similar to pond liquor would be expected to pass
through the soil with'little interaction except possibly the displacement of
exchangeable cations with calcium and loss of boron and potassium into clays
in the soil. Any calcium, boron and potassium fixed in the soil should be.
brought into solution by the nitric acid digestion procedure.
Comparison of Nitric Acid Digests Beneath and Outside the Disposal Area

The chemical analyses for all the nitric acid digests are given in Tables
31-36. The results of the randomization test on nitric acid digests of soil
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TABLE 31. ANALYSTS OF NITRIC ACID DIGESTS OF SOIL SAMPLES FROM EXPERIMENTAL BORINGS AT SITE K

Boring
and sample 1C1 1C2 1C3 1C4 2C1 2C2 2C3 2C4

Elevation(m) 260.42261.33 258.30 236.32 260.01 258.04 257.17 255.07

Depth below
aludge/soll
interface(m) 0.23 1.14 3.26 5.24 -1.83 0.14 1.01 3.11

Ht. above water
table(m) -0.23 -1.14 -3.26 -5.24 • 5.00 3.17 2.16 0.06

Cone,(mg/kg
dry wt.)

4607.68
83009.96

3416.96
41649.47

Ca 12240.04
57120.17

31579.70
25070.00

299450.35
14518.80

3458.55
45595.02

2138.04
30543.44

14404.11
51582.27F«

K ND ND HD HD HD NDHD HD
4334.94
60.52
86.70

11474.38
89.64

699.22

Mg 9384.03
63.97
261.12

7244.75
27.86
380.81

2660.24
40.69
128.09

4781.92
57.83

211.29

4083.41
32.67

204.17

8515.94
44.96
107.06

Mn
Ha

Aa ND HD HD HD HD HDND ND
HDB ND ND ND HDHD ND ND

3.13 3.00 2.57Be 3.66 4.72 1.99 3.14 2.71
Cd 5.10 0.70

37.29
20.80

0.03 0.03
23.68

28.92
19.74
19.51

0.04 0.51 0.08
23.16
30.37

24.14
13.16

Cr 23.66
57.28

27.36
15.35

19.41
9.85Cu 7.52

ND NDHg HD ND HD HDND HD
41.14
15.64

78.17
10.22

Ni 56.06 60.65
14.86

44.04
17.79

79.17
86.21

23.65
13.79

64.72
Pb 2.86 5.06

ND NDSe ND ND ND NDHD ND
85.8839.61 57.28 56.05Zn 24.24 34.88 57.03969.81

ND * Not determined.



TABLE 32. ANALYSES OF NITRIC ACID DIGESTS OF SOIL SAMPLES FROM CONTROL BORINGS AT SITE K

Borlac
and sanpla 6ci 6C2 6C3 7C43C5 5C1 7C1 7C2 7C3

Elevation( ) 262.1*2251.45 261.51 262.42 257.84257.89 261.20 259.40257.30

Nt. above vatatr
table( ) (dry)-7.65 (dry) 2.36 1.45 (dry) (dry)(dry)-2.17

Position in
groundvat.r
iriditnt UpdipOovndtp Updip Updip Updip UpdipDovndlp Updip Updip

Con?,(ng/l) 62721*.06
3flll6.93

561» Ub.98
22003.982568.73

28966.50
2386.07

567l»9.82
2918.62

li1*530.1*2
180b.83

561*99.06
2527.65

5356b.75
ll*93»*.53
1*2750.09

30.76
1*87.26

C.
r. HDHDHDHD HD HD HD HDHDK 11958.68

1*7.26
3l*l*.1*1

301*0.75
100.05
196.18

2732.69
61.93
98.38

1*560.3!*
90.99

386.29
3>*08.67

59.70
690.95

7560.61
29- 12

77b.73

80.90 13220.30
bO.lb

299.15
5593.11

93.58
516.29

Mg
0.53Mn
2.73NaLn

HDHD NDHD HDND ND NDHDAs
HD ND HDHDHDND HD NDB HD

3.66 3.461.782.14 3.96 2.372.51 2.20 0.02Ba 0.54 0.080.04
26.14
19.04

0.07
20.57
5.93

0.50
22.96
13.31

0.10
24.14
15.02

0.13
17.71
12.24

0.32 NDCd 18.44
14.7123.66

23.45
21.52
8.99

0.21
0.08

Cr
Cu

Nt ND HDNDNDND ND NDNDHe 58.86 64.5844.75
16.10

38.75
15.6949.91

12.91
64.8728.86

14.21
0.42
0.03

30.95
22.11

Hi 4.05 7.464.48Pb
ND ND NDNDND ND ND NDNDSe 63.76 43.9160.2036.84 49.75 13.66 42.47 50.370.50Zn

ND * Not determined.



TABLE 33. ANALYSES OF NITRIC ACID DIGESTS OF SOIL SAMPLES FROM EXPERIMENTAL BORINGS AT SITE L

Boring
and sample icfc1C21C1 1C3 2Cl*2C1 2C2 2C3

Elevation(a) 130.1»8 129.56 12T.i*8132.02 130.25 122.91123.39 121.98

Depth below
sludge/soll
Interface (a) -1.1*5 -T.2U -0.380.09 1.01 3.10 0.10 1.03

Ht. above vater
table(n) 6.21 8.1*9 1.638.2910.75 9.21 1.15 0.22

Cone,(ag/kg
dry vt.)

60521*.8l
8166.02
253.00

11*3099.23
1*85.39
103.08

11*768.90
1965!*.31
1572.66
801*8.00

88.01
320.58

38920.79
10056.00
351.60

85932.1*2
572.ll*
129.90

691*9.27
11*792.03
213>*.1*2
9331.88

75.79
368.31

97063.1*3
551*5.00186.22

220551.1*2
377.58
85.31

BDL 10023.27
16277.1*6
1811.31
9752.59

90.16
332.75

Ca BDL
15800.2U
5>*7.1*6

12811.01
37*».03
50.39

27879.87
580.23

21601*.33
659.38
19.55

Fe
KXJ
Mg
Mn
Ha

ClCl ClCl Cl Cl ClClAa
4i6.30 8.74 6.9411.44 8.74 4.59 *•31- *•!38**.20B

0.60 0.28 2.3** 2.53 0.22 0.233.20 1.31Be
3.51 BDL BDL2.13

12.1*9
16.67

9.771.15 BDL9.13Cd
4.855.48

4.12
23.05
19.56

19.72
13.51

5.2222.35
16.99

11.39Cr 5.640.54 5.92Cu
HD *

12.46
HD HDHD HDHD HD HDHg

13.2615.67 14.1020.58
29.78

17.30
20.23

17.79
17.00

19.19
19.33

HI 4.30
0.52

3.649.26 2.91Pb 0.440.10
15.97

0.88 0.551.08 0.99BDLSe 22.56 20.36104.8456.32 152.64363.20 47.19Zn

HD Hot determined.
Cl Chemical interference.
BDL * Below detection limits.



TABLE 34. ANALYSES OF NITRIC ACID DIGESTS OF SOIL SAMPLES TOM CONTROL BORINGS AT SITE L

soSCI4C2 4C1 4C4 4CS SCIICS 4CIlas

121.Stm.M 129.6t121.SS 121.42 110.60KUvallM (a) 121.10 112.97 120.70

Kt. licit water
6.21takla <•) 6.66 2.S6 -0.62 9.22 0.31-0.41 10.93 1.S1

Positlow 1A

trotsltatr
gradlaat DowndlpDowndlpUfMllp DowndlpUpdlp Opdlp Updlp UpdlpUpdlp

Cone, (ag/kg
dry wt.)

92233.30
6132.60
120.25

206783.56
275.27
05.50

107457.12
10247.30

276.67
513523.15

490.53
139.33

64425.96
7869.52
103.01

102993.14
357.30
02.99

110154.90
5753.95
147.07

199605.60
263.20
94.26

07054.64
5900.45
100.37

300000.13
4390.36
101.10

60009.13
6006.69
147.95

129430.10
225.43
61.03

40323.21
5960.15
100.46

111607.54
214.69
53.95

Ca 99471.09
2457.31
169.94

261724.70
160.76
03.99

BDL
Pa 20103.24

460.40
19211.41

465.60
20.04

K
Ng
Nn4̂
Na

Cl ClClClCl ClCl Cl ClAi
1.21 7.014.725.583.104.745.30 5.93 0.25B

0.27
0.99
6.63

0.18 0.340.42 '0.280.44 0.49 0.320.21Ba
1.63

11.43
10.05

1.16 BDL1.521.041.60 1.51Cd BDL
6.36 4.08

7.62
4.494.625.07 9.32 5.96Cr

5.273.563.473.133.63 15.90 6.23Cu
HDND NDNDHDNDHg HD NDND

15.88
14.74

9.7713.796.997.68
4.74

9.39
4.01

8.73 18.49
69.91

32.43
4.40
0.43

22.61

Hi
4.781.973.332.02Pb
0.220.430.520.50

16.00
BDL0.82 0.430.40

13.77
Sa

17.1039.0115.34 21.9215.7255.23Zn

(contlnuad)



TABLE 34 (CONTINUED)

Boring
and sample 5C6 6C55C4 7C45C5 7C1 7C2 7C3 7C5

123.44Elevation (m) 125 - 45 121.6U 120.89 121*.98 123.9**121.30 133.22 121.90

Ht. above water
table(m) -0.08 7.042.064.07 0.33 3.13 2.0911.37 0.05

Position in
groundwater
gradient Dovndip Downdip DovndipDowndip Downdip Dovndip DovndipDovndip Dovndip

Cone,(mg/kg
dry vt.) 51865.90

5507.47
96.65

242151.06
140.20
15.61

70760.66
6913.72
161.54

200775.64
148.76
73.01

61700.25
11039.06
159.30

109450.09
115.32
60.59

75206.65
8301.94
84.52

141170.26
291.53
61.30

113848.83
5710.91
128.68

237000.00
194.31
07.02

83497.61
6697.04
183.00

139865.94
114.23
74.60

118910.67
5426.97
146.91

364173.30
452.12
104.50

59016.09
5846.68
116.77

201778.52
372.63
71.00

BDLCa
11710.04
220.34
7085.34

Fe
K
Mg

BDLMn
19.34daCO

ClCl ClClCl Cl ClClAs Cl 4.76
0.25

4.966.00
0.28

4.50 4.72 2.905.00
0.23
1.02

2.77
0.28

3.17B 0.19 0.270.270.22 0.31Be BDL0.96 0.95BDLBDL1.12BDLBDLCd 6.01
5.66

4.94 6.366.58 7.08 5.284.875.66 7.31Cr 4.858.38 5.779.16 6.113.845.86 5.72Cu m>IfD HDHD HDHDHDHDHDHg 9.669.20
4.56

•0.16
20.17

12.70 10.0714.54 10.51 10.5512.22 9.50Hi 4.895.83 BDL5.172.04 5.372.29 2.91
0.33

Pb BDL0.26 BDL0.16 0.23BDL0.13Se 17.4016.7631.6020.98 BDL10.03 17.3115.05Zn

HD Hot determined.
Cl Chemical interference.

BDL * Below detection limits.



TABLE 35. ANALYSES OF NITRIC ACID DIGESTS OF SOIL SAMPLES FROM EXPERIMENTAL BORINGS AT SITE M

Boring
ul uaplt belt bC5lCb bCl bC3bC21C1 1C2 1C3

216.6$217.bl218.96Elevation(a) 220.61 221.98 218.93217.73222.77 221.07

Depth below
sludge/soil
interface (a ) b .66 5.b23.1b.-1.89 3.15 0.090.07 1.92 1.00

Ht. above w
table(a)

,t
0.b6b.12 1.985.96 -0.30b, 00 5.032.15 0.92

Cone,(ag/kg
dr/ wt.)

301b.33
2b58.31
126.10

8290.52
23.3b
b8. 37

21b32.61
7976.06

5b6.09
b7750.52

150.65
130.16

1176b.9b
516b.6l
26b.21

27916.81
100.6b

70.79

b6703.96
25b8l.03
lb6b.5b

31826.b9
31b.7b
366.71

3bb6.29
33521.89

b352.ll
52b73.91

523.6b
267.58

3bbb. b0
2726.38
123.83

9365.U3
bo.9b
b9.95

68bb.07
5520.36

330.bb
21571.57

93.29
90.21

8719.09
8001.76
bl8.27

3172b.15
Ib3.b0
102.0b

122338.27
19277.5b
1167.77

66729.97
250.18
8b0.6l

Ca
Fe
K

vO
Mn
Na

ClClClClClClClCl ClAs
8.63
0.20

18.89118.U8 3.03
0.12

1.93225.06 0.72
0.10

3.923.21B
1.612.08 BDL»4.21 0.29

1.01
6.02

0.22Be »4.55 BDL BDLBDL7.52BDLBDL2.09Cd
26. *40
2*4.68

2*4.98
38.1IO

7.251.66 5.35 1.9329.5U
29.66

3.7*4Cr
3.31 BDL1.77BDL5.591.97Cu

NDNDNDNDNDNDNDND NDHe
37.6*4
38.06
2.*i2

351.72

7.19 9.07 3.3131.07
15.62

9.2*4 3.537.13
2.21
0.10

17.8*4

31.57
53.75

Ni
*4.89 1.38

0.16
2.8*42. *47

0.06
2.9*4
0.11

23.7*4
Pb

0.9*4 0.05
19.1*4

BDL0.33Se
8.6*42*4.9698.706.8895.»46Zn

ND * Not determined.

Cl * Chemical interference.

BDL * Below detection limits.



TABLE 36. ANALYSES OF NITRIC ACID DIGESTS OF SOIL SAMPLES FROM CONTROL BORINGS AT SITE M

Boring .
and sample 2C*< 3CU2C3 3C1 3C2 • 3C32C22C1

218.6U 217.89220.87 238.72Elevation (m) 221.78 220.79217.97 221.70

Ht. above water
table (m) 3.69 1.5*4*4.603.96 0.790.153- 05 0.90

Position in
groundwater
gradient Updlp Updip UpdipUpdlp UpdipUpdlp UpdipUpdlp

Cone, (mg/kg
dry vt.) 27196.65

8269. ^8
616.17

6ll92. lt6
13't.23
108.79

22318.88
10213.7?

856.82
69226.36

263.80
125.78

12068.92
6123.80

328.09
36791.23

109.83
70.30

7081i . ll
lt080.78
290.99

26588.65
102.21
63.22

7891.82
20179 - 09
1997.93

59538.29
520.liO
99.90

23589.01
13138.22

1031.18
6829I1. I15

261.65
12U . 68

12529.70
11676.2L

1178.6K
1*81*10.57

269.63
111*.68

1*900.1*5
23119.05

2588.51*
61255.61

615.1*6
92.87

Ca
Fe
K00o Mg
Mn
Na

Cl ClClCl ClCl ClClAs 6.1*5
o. **o
1.29
9.81
7.20

**.926 .20
0.**0
1.89

11.21
9.86

2.182.3** 6.00
0J*8
1.67

10.76
11*.9I*

9* 938.89B 0.32
1.07

0.71*‘BDL1.21* 0.23
0.95
I* . 1*9
1.62

Be
BDL 2 . 1 1

17.75
2*i.27

2.66Cd
7.935.0718.05

19.56
Cr *4.Bl2.57Cu NC> NDNDNDNDNDNDNDHg 11.7822.3** 11.12

*4.73
0.07

32.Mi

7.62
2 .21
0.20

18.86

13.21
5.31
0.17

1*1.62

20.388.1*2
2.32
0.07

27.15

22.58
1**.82

Ni **.258.99
0.25

9.99Pb 0.13
31.96

0.13
67. **3

0.06Se
U6.8I*77.56Zn

( continued )



TABLE 36 (CONTINUED)

Boring
and saaple 6C1 6c45C4 7C*»7C37C1 7C2

216.1UElevation ( ) 216.52220.18 218.05220.77217.17 221.09

Nt. above v
table(a)

t
6.60 6.86 1.800.03 -0.03 0.273-93

Positloo In
groundwater
gradient DowndlpDowndlp Downdlp Downdlp DowndlpDowndlp Downdlp

Cone, (ag/kg
dry wt.) 4481.85

22U05.08
2573.74

66160.61
683.61
126.1*7

19333.81*
8726.38
1*87.33

1*7835.09
170.35
112.61

96ll*.80
6816.58
21*0.37

28060.9!*
59.26
60.96

6826.1*7
1119**.91
11*15.1*6
3135*1.10
222.11
79.73

11083.92
17960.39
2166.50

1*8485.67
511.25
95.15

2758.40
22964.75
2822.80

48941.54
395.98
89.08

4795.95
3386.38
167.78

15440.91
17.62
38.63

Ca
re
KCD

Mn
Ha

CXClClClCl ClClAs 7.87 2.706.73 *4.871.3*4 7.53B 1.33
0.10 0.980.L8 0.13

1.620.66 1.17
3.*49

20.2*4
17.71

BDLBe 3.152.98. 2.131.17BDLCd 5.8718.92
17.081*».07

15.**8
3.9*4 9.91Cr 2.11

1.15 5.219.051.70Cu NDNDNDNDNDNDNDHe 10.U0
*4.98
0.10
30.10

22.68
13.31
0.19
71.22

22.80
11.81
0.17
72.77

7.28
2.2*4*4.*45 19.*49

13.59
12.13
10.75

Ni
2.35Pb
0.18 0.120.170.21Se 72.6571.9*4 17.3712.92Zn

ND * Noc determined.
Cl ” Chemical Interference.
BDL * Belov detection limits.



samples beneath and from comparable depths outside the disposal area are given
in Table 37. At site K, significant differences in concentrations in the
nitric acid digests were observed only for iron, sodium and copper. All three
metals showed a decrease in concentration in soil below the disposal site.
The reduction in sodium noted below the landfill is very likely related to the
replacement of sodium by calcium in clays beneath the disposal pond. Mobilis-
ation and ion exchange may also account for the slightly smaller amounts of
iron and copper reported in the soil samples from below the pond. The only
other significant, difference between samples inside and outside any of the
other disposal areas was an increase in boron concentration in soil samples
below the disposal pit at site L. Boron is a common contaminant associated
with leachate from ash. Ash was co-disposed with sludge at site L; therefore
the occurrence of boron was not unexpected. Boron also was found in signifi-
cantly larger quantities in the distilled water extracts from soil under site
L.

The lack of significant increases in sludge-derived constituents in soil
beneath the disposal areas indicates very little of the contaminating material
is being trapped and removed as the leachate passes through into the ground-
water. The major materials derived from the FGC sludge/ash are in solution at
high concentrations. Typical soils below the disposal sites showed few changes
in composition that can be related to the passage of leachate through them.
At only one site (site K) was there evidence that calcium was displacing other
ions from the available exchange positions, and becoming fixed in the soil.

Vertical Variations of Concentrations in the Nitric
Acid Digests of Soil Samples

For elements that showed a significant difference between experimental
and control samples, a test was made for a significant relationship between
the concentration of a particular constituent and sample elevation in the
boring. As suggested by the model (Figure 1), those materials attenuated from
the sludge leachate should show a positive correlation with elevation in
experimental borings (those below the disposal area). A significant negative
correlation would be predicted for those soil constituents that are being
mobilized by the sludge leachate and moved down into the groundwater. In
control borings the distribution, of soil constituents depends upon the weather-
ing processes; therefore, the concentration of any particular material could
have a positive or negative correlation or have no correlation at all. The
Spearman rank correlation coefficient was used to assess the strength of the
association between concentration of a particular constituent and sample
elevation. The results of these statistical tests are given in Tables 38 and
39. Plots of concentration versus sample elevation for all constituents in
experimental borings that showed significant relationships with depth are
shown in Figures 16 and 17. Significant trends in control borings are shown
for contrast.

At site K, only iron in boring 2 showed a significant correlation with
sample elevation. The amount of iron in the samples increased with increasing
elevation. This is the effect which would be expected if iron were being
added to the soil/sediment. At site L, boron showed a positive correlation in
both borings one and two under the disposal pit. This increase is what would
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RESULTS OF RANDOMIZATION TEST ON NITRIC ACID DIGESTS OF SOIL
SAMPLES DIRECTLY UNDER THE FGC DISPOSAL SITES AND AT COMPARABLE
DEPTHS OUTSIDE THE SITES

TABLE 37.

Site MSite K Site LParameters

NS NS NSCa
S(decrease)* NSFe NS

NS NSNDK
NS NSNSMg
NS NSNSMl

S(decrease) NS NSNa

NDNDNDAs
S(increase) NSNDB

NSNS NSBe
NSNSCd NS
NSNS NSCr

S(decrease) NSNSCu
NDNDNDHg

NS NS NSNi
NSNS NSPb
NSND NSSe

NS NS NSZa

NS - Not significant at 80Z confidence level.
S - Significant at 80% confidence level.
ND• Not determined.
* Refers to Increase or decrease of constituent under disposal site relative
to outside.
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CORRELATION OF CHEMICAL ANALYSES OF NITRIC ACID DIGESTS OF
SOILS WITH SAMPLE ELEVATION AT SITE K

TABLE 38.

6 721Boring

NS(0.80)SN(-l.OO) SP(l.OO)*NS(0.40)Fe

NS(0.20)NS(0.40) NS(0.50)*NS(-0.40)Na

NS(0.80)NS(-0.40) SP(l.OO)*NS(0.20)Cu

SP Significant positive correlation at 952 level.
SN - Significant negative correlation at 952 level.
NS * No significant correlation.
* - Significance level reduced to 832 because of small sample size for this

constituent in this boring.
Number in parentheses is the calculated value of rg, the Spearman rank

correlation coefficient.
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CORRELATION OF CHEMICAL ANALYSES OF NITRIC ACID DIGESTS OF SOILS
WITH SAMPLE ELEVATION AT SITE L

TABLE 39.

2 4 5 7IBoring

NS(-0.30)NS(Q.60) NS(0.08)SP(l.OO) SP(l.OO)B

SP “ Significant positive correlation at 95Z level.
SN - Significant negative correlation at 95Z level.
NS No significant correlation.
Number in parentheses is the calculated value of r

^
, the Spearman rank

correlation coefficient.
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be expected if boron was being added from the disposal pit.
As noted above, there was only slight evidence of attenuation. Only iron

at site K and boron at site L showed the patterns indicating they were being
removed by the soil. The most striking feature of the data was the lack of
other demonstrable interaction of leachate with the soil.
Horizontal Variation in Nitric Acid Digests of
Soil/Sediment Below the Water Table

Analyses of nitric acid digests of soil/sediment samples collected below
the water table were examined in order to determine if contaminants were
migrating with the groundwater flow below the disposal site. The model for
groundwater movement assumes all'significant lateral migration of contaminants
takes place below the water table. The increased concentrations of contami-
nants in the nitric acid digests should be a measure of the attenuation
occurring during lateral migration of the pollutants. Plots of metal con-
centrations in the nitric acid digests versus the positions of the borings are
given in Figures 18-20.

At site K, all of the constituents measured in nitric acid digests of
soil/sediment, with the exception of manganese, showed maximum levels under-
neath the disposal pond. This distribution pattern suggests that the materials
being leached from the sludge (FGC wastes and ash) are being attenuated or
contained in soils under the landfill. The sediments at this site are largely
clays, shales and limestone that are impervious and could prevent dispersal of
incoming constituents down the groundwater gradient.

Sites L and M are both underlain by porous sands and gravels. No con-
sistent patterns could be found that related concentrations of various materials
in the nitric acid digests to the position of the soil samples with respect to
the disposal areas. There was no increase in contaminants under the disposal
areas that could be interpreted as indicating that attenuation or containment
of the pollutants had taken place.

SUMMARY

The physical testing data indicate two major types of sites were included
in this study; one type underlain by impermeable materials, clay and shale,
etc.(site K), and a second type underlain by relatively permeable, silty,
sands and gravel with discontinuously distributed finer material included
(sites L and M). At the site underlain by clay and shale the tynical per-
meabilities or hydraulic conductivities were very low (̂ 2 x 10*“® cm/sec) and
no change in permeability could be related to the presence of the sludge/ash
disposal site. At site M, changes in permeability could be noted, but these
changes appeared to be more related to the irregular occurrences of fine-
grained materials (clays and silty sands) than to the presence of the disposal
facility. Only at site L could variations in physical properties (permeability,
dry density, water content, percent fines) measured in soil samples from test
borings be related to the disposal of FGC sludge and ash.
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Although the potential of FGC sludge and ash for pollution of local
groundwater has been noted, (13) no field evidence of such pollution occurring
has been reported. At all -three sites in this study, it could be shown that
sludge/ash-derived constituents had migrated out of the immediate area of the
disposal site and were found in local groundwater. The subsurface migration
of FGC/ash-derived materials seemed to be most limited at the site where the
pond was underlain by impermeable strata (site K). Although one boring out-
side the pond was severely contaminated, additional borings around the pond
showed no groundwater when drilled to comparable depths. The only other
boring from which a groundwater sample was obtained at this site was down the
apparent groundwater gradient from the pond and near a large cooling lake. No
contaminants from the pond were detected in this boring. At the other sites
(L and M) which were underlain by sands and gravels, evidence of a typical
pollution plume under and down the groundwater gradient from the disposal site
was found.

The investigation of distilled water extracts and nitric acid digests of
soil samples from underneath and around sludge/ash disposal sites indicates
only slight changes in soil chemistry can be attributed to the presence of the
disposal site. Evidently FGC sludge/ash leachates can move through the soils
and sediments studied without appreciable interaction.

92



REFERENCES

1. Evans, R. J. Potential Solid Waste Generation and Disposal from Lime and
Limestone Desulfurization Processes. U. S. Bureau of Mines, I. C. 8633,
Washington, DC, 1974. 22 pp.

2. Michael Baker, Jr., Inc. State-of-the-Act of FGD Sludge Fixation. Final
Report, Research Project 786-1. Electric Power Research Inst., Palo
Alto, CA, 1978. 276 pp.
Lunt, R. R. and others. Evaluation of the Disposal of Flue Gas Desulfuri-
zation Wastes in Mines and the Ocean: Initial Assessment. EPA-600/7-77-
051, U. S. Environmental Protection Agency, Research Triangle Park, NC,
1977. 318 pp.

3.

4. Prlnciotta, F. T. and W. H. Ponder. Current Status of S02 Control Tech-
nology. Paper presented at Lawrence Berkeley Laboratory Seminar on
Sulfur, Energy and Environment, Berkeley, CA, April 1974.

5. Control of Waste and Water Pollution from
First Annual R and D Report.

Lao, P. P. and J. Rossoff.
Power Plant Flue Gas Cleaning Systems:
EPA-600/7-76-018, October 1976.
Ifeadi, C. N. and H. S. Rosenberg. Lime/Limestone Sludges—Trends in the
Utility Industry. Proceedings, Symposium on Flue Gas Desulfurization,
Atlanta, GA, November 1974. (as cited in 4)

6.

Evaluation of the General Motors' Double Alkali S02 Control
EPA-600/7-77-005, January 1977. (as cited in 5)

7. Intaress, E.
System.
Esso Research and Engineering Co. Potential Pollutants in Fossil Fuels.
NTIS. (as cited in 4)

8.

Corporation. The Environmental Effects of Trace Elements in the
Pond Disposal of Ash and Flue Gas Desulfurization Sludge. Final Report,
Research Project 202, Electric Power Research Inst., Palo Alto, CA, 1975.

9.

Properties of Power Plant Waste Sludges.Selmeczi, J. G. and R. G. Knight.
Paper presented at Third International Ash Utilization Symposium, Pitts-
burgh, PA, March 1973.

10.

A Laboratory and Pilot Plant Study of the Dual Alkali Process for S02
Control. Unpublished results under EPA Contract 68-02-1071. (as cited
in 4)

11.

93



12. Nemerow, N. L. Liquid Uaste of Industry—Theories, Practices and Treat-
ment. Addison-Wesley, Reading, MA, 1971. 584 pp.

13. Rossoff, J. and R. C. Rossi.
Flue Gas Desulfurization Systems: Inital Report.
U. S. Environmental Protection Agency, Washington, DC, May 1974.

Disposal of By-Products from Non-Regenerable
EPA-650/2-74-037-a,

274 pp.
14. Leo, P. P., R. B. Fling, and J. Rossoff. Flue Gas Desulfurization Waste

Disposal Study at the Shawnee Power Station. In: Proceedings: Symposium
on Flue Gas Desulfurization—Hollywood, FL, November 1977. (Vol. II)
EPA-600/7-78-058b. U. S. Environmental Protection Agency, Research
Triangle Park, NC, 1978. pp. 496-536

15. Fry, Z. B. The Use of Liner Materials for Selected FGD Waste Ponds.
In: Land Disposal of Hazardous Wastes,
mental Protection Agency, Cincinnati, OH, 1978. pp.

EPA-600/9-78-016, U. S. Environ-
256-272.

16. Fling, R. B. and others. Disposal of Flue Gas Cleaning Wastes; EPA
Shawnee Evaluation—Initial Report. EPA-600/2-76070, U. S. Environmental
Protection Agency, Washington, DC, March 1976.

17. Barrier, J. W., H. L. Faucett, and L. J. Henson. Economic Assessment of
FGD Sludge Disposal Alternatives. Jour. Environmental Engineering Div.
Proc. Am. Soc. Civil Engineers. 104(E£>):951-996, 1978.

18. Siegel, Sidney. Nonparametric Statistics for the Behaviorial Sciences.
McGraw-Hill Book Co., New York, 1956. 312 pp.

19. Siddiqui, and R. R. Parizek. Application of Nonparametric Statistical
Tests in Hydrogeology. Groundwater, 10(2):26-31, 1972.

The Unified Soil
Tech. Memorandum No. 3-257, Vol. 1, USAE Waterways

30 pp.
20. U. S. Army Engineer, Waterways Experiment Station.

Classification System.
Experiment Station, Vicksburg, MS, 1960.

21. Levinson, A. A. Introduction to Exploration Geochemistry. Applied Publ.
Co., Ltd. Calgary, Canada, 1974. 612 pp.

22. Foster, J. R. The Reduction of Matrix Effects in Atomic Absorption
Analysis and the Efficiency of Selected Extractions on Rock Forming
Minerals. In: Geochemical Exploration, The Canadian Institute of Mining
and Metallurgy. Special Vol. 11, Ottawa, Canada, 1971. pp. 554-560.

23. U. S. Dept, of the Army. Laboratory Soils Testing. Engineering Manual
EM .1110-2-1906, U. S. Dept, of the Army, Washington, DC, 1970. No Pagination.

Manual of Methods of Chemical
EPA 652/6-74-003, U. S. Environmental

298 pp.
U. S. Environmental Protection Agency.
Analyses of Water and Wastes.
Protection Agency, Cincinnati, OH, 1971.

24.

25. National Academy of Sciences - National Academy of Engineering. Water
Quality Criteria - 1972. EPA-R3-73-033, March 1973 = 594 pp.

94



26 o U. S. Department of the Interior. Report of the Committee on Water
Quality Criteria. Reprinted by the Environmental Protection Agency
Washington, DC, 1968 (Reprinted 1972). 234 pp.

95



APPENDIX A
SUBSURFACE DATA FROM SITE K

Elevations are in feet above meanWater table map of site K.
sea level.Figure A-l. 1 foot - 0.305 neters.
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TABLE A-l. LOG OF BORING 1 AT SITE K

Elevation above MSL*
(a) Depth (a) Description

264.00 - 261.56 0.00 - 2.44 Bottom ash

261.00 - 260.49 2.44 - 3.51 Clay, brown, wet

260.49 - 258.36 3.51 - 5.64 Clay, brown, moist,
hard

258.36 - 256.26 5.64 - 7.74 Shale, green, hard

* MSL » Mean sea level.
Water table elevation above MSL « 261.56 a

TABLE A-2. LOG OF BORING 2 AT SITE K

Elevation above MSL*
Depth (m)(a) Description

263.67 - 261.84 0.00 - 1.83 Bottom ash

261.84 - 258.18 1.83 - 5.49 FGC sludge, wet

5.49 - 5.79 Clay, black258.18 - 257.88

6.40'257.88 - 257.27 5.79 Clay, brown

6.40 - 8.54 Clay, brown, wet257.27 - 255.13

8.54 - 9.15255.13 - 254.52 Clay, green, dry, hard

9.15 - 10.06254.52 - 253.61 Clay, green

10.06 - 10.21253.61 - 253.46 Bedrock

* MSL Mean sea level.
Water table elevation above MSL * 255.01 m
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TABLE A-3. LOG OF BORING 3 AT SITE K

Elevation above MSL*
(m) Depth (n) Description

259.15 - 251.53 0.00 - 7.62 Clay, dark brown with
trace of black clay
in lower portion

251.53 - 250.80 7.62 - 8.35 Shale, dark, weathered

* MSL - Mean sea -Level.
Water table elevation above MSL 259.10 m

TABLE A-4. LOG OF BORING 4 AT SITE K

Elevation above MSL*
(o) Depth (D) Description

263.53 - 262.92 0.00 - 0.61 Road bed

262.92 - 255.91 0.61 - 7.62 Clay, brown

255.91 - 254.54 7.62 - 8.99 Clay, black, wet

* MSL - Mean sea level.
Water table elevation above MSL (dry hole)
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TABLE A-5. LOG OF BORING 5 AT SITE K

Elevation above MSL*
Depth (n)(*) Description

258.90 - 256.46 0.00 - 2.44 Clay, brown

256.46 - 252.99 2.44 - 5.91 Limestone, brown, weathered
with some interbedded
silty layers

* MSL • Mean aea level.
Water table elevation above MSL * (dry hole)

TABLE A-6. LOG OF BORING 6 AT SITE K

Elevation above MSL*
Depth (a)<») Description

0.00 - 0.91 Clay, black, wet265.24 - 264.33

0.91 - 3.66264.33 - 261.58 Clay, gray-brown,
wet

3.66 - 5.18261.58 - 260.06 Clay, brown with
weathered limestone
colluvial material

5.18 - 7.16 Shale, gray260.06 - 258.08

7.16 - 8.38 Shale, gray, wet258.08 - 256.86

* MSL Mean aea level.
Water table elevation above MSL 260.06 m
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TABLE A-7. LOG OF BORING 7 AT SITE K

Elevation above MSL*
Depth (m)(m) Description

0.00 - 0.91
#

265.24 - 264.33 Clay, black

0.91 - 2.74264.33 - 262.50 Clay, brown

2.74 - 5.18262.50 - 260.06 Clay, brown with
decomposed limestone
material

5.18 - 5.30260.06 - 259.94 Competent layer

5.30 - 6.40259.94 - 258.84 Shale, green, hard

258.84 - 257.70 6.40 - 7.54 Shale, gray, hard

* MSL * Mean sea level.

Uater table elevation above MSL * (dry hole)
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TABLE A-8. LOG OF BORING 8 AT SITE K

Elevation above MSL*
(a) Depth (a) Description

265.24 - 264.63 0.00 - 0.61 Roadbed(bottom ash)

264.63 - 264.02 0.61 - 1.22 Clay, black, hard

264.02 - 263.41 1.22 - 1.83 Clay, brown, hard

263.41 - 262.50 1.83 - 2.74 Clay, brown, hard, moist

2.74 - 3.05262.50 - 262.19 Clay, brown, with limestone
pebbles

3.05 - 3.51 Clay, brown with shale chips262.19 - 261.73

261.73 - 261.58 3.51 - 3.66 Competent layer

261.58 - 260.36 3.66 - 4.88 Clay, brown with shale chips

4.88 - 7.93 Shale, brown, hard260.36 - 257.31

7.93 - 8.17 Shale, gray, hard257.31 - 257.07

* MSL - Mean sea level.

Water table elevation above MSL * (dry hole)*

101



LIST OF SAMPLES EXAMINED FROM SITE KTABLE A-9.
Elevation

sludge/soil
interface

ElevationElevation
of top of
hole

Thickness
of fill

Thickness
of cover

Sampled depth
Interval (m)
fro*

Total
depth

Elevation of sampled
intervals («)

of
water table Type of

sample
Sample
number(m)(m) (m)(m)(m)(m) To fromBoring To

2.kk 261.56 2.7k7.7k ?6l.kl
?60. k9
250- 36258.2k
256.30

261.56 ?6l.?6
260.3k
250.2k
250.09
256.26

2.5926k . 00 0 Chemical
Chemical
Chemical
Physical
Chemical

1C1
3.663.51 1C?
5.765.6k 1C3

5.76 5-91 1P3
7.7k7.6? lCk

259.9k
257.97
257.57
257.00
255.01
?5k,7k

260.06
250.12
257.91
257.P7
255- lk25k.95

3.6)250.105.k9 3.73 Chemical .
Chemical
Physical
Chemical
Chemical
Physical

2C1263.67 010.21255.012 2C25.70
6.10

5 - 555.76 2P1
6.596.kO 2C3

2Ck0.660.53
6.72 6.93 2P3

257.kl*
25k.36
251.53
25K32

1.7k 3P1Physical
Physical
Chemical
Physical

8.35 257.00
253.06
251.30
250.63

2.15
5.29

NA HANA259.10259- 153 3P3k.79
3C57.6? 7.77
3P57.03 0.32M

O
N5 kPl260.27

255.70
259.70
255.2k

Physical
Physical

3.260.99(dry)263.53 3.75k HA HA NA
kru7.03 0.29

5C11.66
2.20
2.59
3.12

257.30
257.16
256.k6
256.25

257.22
256.70
256.31
255.70

Chemical
Physical
Chemical
Physical

(dry) NA 1.52250.90 NA HA5.915 5P11.7k
5C22.kk
5r?2.65
6ci262.3k

261.83
?6i.ka
260.33
257.05

262.50
262.20
261.50
261.37
257.92

Chemical
Phynical
Chemical
Physical
Chemical

2.7k8.30260.06 2.90265.2k HA NA6 NA 6P12.96 3.kl
6C23.66 3.01
6P2k.913.87
6C37.397.3?

Chemical
Physical
Chemical
Chemical
Chemical

?6?.3k
261.93
261.13
259.33
257.76

262.50
262.20
261.20
259.k5
257.92

2.7k265.2k (dry) 7.5k 7C12.90HA NA NA7
2.96 7P13.31

k.113.96 7C2
7C35.915.79
7Ck7•k07.3?

NA * Not applicable

All elevations are given with respect to mean sea level.Note:



APPENDIX B
SUBSURFACE DATA FROM SITE L

Water Cable aap of site L. Elevations are In feec above mean sea
level. 1 foot•0.305 meters.Figure B—1.
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TABLE B-l. LOG OF BORING 1 AT SITE L

Elevation above MSL*
(m) Depth (m) Description

0.00 - 2.90133.47 - 130.57 Fill (FGC sludge)

130.57 - 127.68 2.90 - 5.79 Clay, light gray to light
brown, silty

127.68 - 127.53 5.79 - 5.94 Sand, fine to coarse, silty
with small gravel

5.94 - 7.47127.53 - 126.00 Gravel, small to large

126.00 - 119.90 7.47 - 13.57 Sand, fine to coarse, silty,
with small gravel, light
tan

*MSL * Mean sea level.
Water table elevation above MSL * 121.27 m

LOG OF BORING 2 AT SITE LTABLE B-2.

Elevation above MSL*
Depth (m)(«) Description

Backfill (clay)137.49 - 137.19 0.00 - 0.30

Fill (FGC sludge)137.19 - 123.01 0.30 - 14.48

14.48 - 15.40 Sand, fine, silty with
gravel, dark tan

123.01 - 122.09

15.40 - 16.62 Sand, fine to coarse, with
gravel, wet

122.09 - 120.87

* MSL * Mean sea level.
Water table elevation above MSL 121.85 m

104



TABLE B-3. LOG OF BORING 3 AT SITE L

Elevation above MSL*
(*) Depth (a) Description

133.70 - 131.26 0.00 - 2.44 Clay, brown

131.26 - 129.74 2.44 - 3.96 Sand, wet, dark brown

129.74 - 125.16 3.96 - 8.54 Sand, fine to coarse with some
gravel, damp, dark brown

125.16 - 123.34 8.54 - 10.36 Sand, fine to coarse, some
gravel, damp, light tan

Sand, fine to coarse, gravely,
moist, light tan

123.34 - 121.50 10.36 - 12.20

121.50 - 119.68 12.20 - 14.02 Sand, fine to medium, some
gravel, wet, light tan

* MSL • Mean sea level.
Uater table elevation above MSL 121.58 a

TABLE B-4. LOG OF BORING 4 AT SITE L

Elevation above MSL*
Depth (m) Description(»)

0.00 - 3.66 Clay, brown136.71 - 133.05

3.66 - 5.24 Sand, fine, silty, light brown133.05 - 131.47

Sand, fine to coarse with
small to large gravel

5.24 - 12.04131.47 - 124.67

Sand, fine to coarse with
small gravel

12.04 - 15.55124.67 - 121.16

* MSL - Mean sea level.
Uater table elevation above MSL * 122.05 m
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TABLE B-5. LOG OF BORING 5 AT SITE L

Elevation above MSL*
Depth (B)(m) Description

133.73 - 132.51 0.00 - 1.22 Silt, sandy with gravel

1.22 - 1.83132.51 - 131.90 Clay, silty, light brown

1.83 - 2.90 Gravel, clayey131.90 - 130.83

2.90 - 2.97130.83 - 130.76 Gravel, sandy

2.97 - 5.49130.76 - 128.24 Sand, fine to coarse, silty
with snail to large gravel
dark tan

5.49 - 5.94 Gravel, small to large128.24 - 127.79

5.94 - 8.05 Sand, fine to coarse vlth
small to large gravel

127.79 - 125.68

Sand, fine to coarse with
gravel

8.05 - 12.20125.68 - 121.53

12.20 - 14.30 Sand, fine to coarse, with
some gravel, moist

121.53 - 119.43

* MSL “ Mean sea level.
Water table elevation above MSL 121.38 m
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TABLE B-6. LOG OF BORING 6 AT SITE L

Elevation above MSL*
(m) Depth (m) Description

0.00 - 4.27137.34 - 133.07 Clay, light brown

133.07 - 131.85 4.27 - 5.49 Sand with gravel

Sand, fine to coarse with
small to large gravel

5.49 - 12.50131.85 - 124.84

Sand, fine to coarse with
gravel

124.84 - 123.93 12.50 - 13.41

Sand, fine to coarse, with
gravel, damp

13.41 - 15.55123.93 - 121.79

15.55 - 16.77 Sand, fine to coarse with
some gravel, damp

121.79 - 120.57

* MSL « Mean sea level.
Water table elevation above MSL » 121.30 m
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TABLE B-7. LOG OF BORING 7 AT SITE L

Elevation above MSL*
Depth (m) Description(m)

0.00 - 4.27 Clay137.58 - 133.31

4.27 - 6.71 Sand, fine, silty, light
brown

133.31 - 130.87

6.71 - 8.84 Sand, fine to coarse, with
small to large gravel

130.87 - 128.74

8.84 - 11.58 Gravel, small to large128.74 - 126.00

Sand, fine to coarse, with
gravel

11.58 - 12.50126.00 - 125.08

12.5 - 16.77 Sand, fine to coarse with
some gravel

125.08 - 120.81

* MSL * Mean sea level.

Water table elevation above MSL * 121.85 m
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TABLE B-8. LIST OF SAMPLES EXAMINED FROM SITE L

Elevation Elevation
sludge/soil
interface

Elevation
Total
depth

Thickness
of cover

Thickness
of fill

of top of of Saapled depth
interval (a)
Proa To

Elevation of samtpled
intervals (a) Saaple

number
Type of
saaple

hole water table
U) (a) (a) (a) (a)(a) T6FromBoring

133.U7
130.5T
130.33
129.66
127.53

133.*7 130.57
130.39
129.66
129.*8
127.*3

Chemical
Chemical
Physical
Chemical
Chemical

1C113.57 2.90 130.57 0.00 2.90121.27 01
3.08 1C22.90

3.1* 3.81 1P1
3.81 1C33.99

ICL6.oil5*9*
7.18 2C116.62 Chemical

Chemical
Chemical
Physical
Chemical
Physical

l*.l8 130.19
123.09
122.83
122.71
121.68
121.52

130.31
123.69
123.01
122.77
122.10
121.82

137.*9 121.85 123.01 7.300.302 13.80
1*.*81*.72
15.39
15.67

1*.*0
1*.66
1*.78
15.61
1*.97

2C2
2C3
2P1
2C*
2P2

126.75
121.11

127.06
121.50

3P16.95 Physical
Chemical

6.6*
12.20

1*.Q2121.58 HANANA133.703 3C512.59

*C1Chemical
Physical
Chemical
Physical
Chemical
Chemical
Chemical

132.90
132.*1
12B.63
128.30
12*.55123.36
121.23

3.66 3.81 133.05
132.8*
128.79
128.51
12*.67
123.76
121.62

136.71* HA NA15.55122.05 HA *P1*.303.87 *C28.08M 7.92 *P2O 8. *18.20
*C312.16

13.35
15.*8

12.0*
12.95
15.09

*C**C5
130.*5
129. *6
127.5*
125.23
123.21
121.08

130.76
129.92
127.79
125.68
123.67
121.5*

Chemical
Chemical
Chemical
Chemical
Chemical
Chemical

5C13.282.97121.38 1*.30 NANANA133.735 5C2*.273.81
5C36.195.9* 5C*8.508.05

10.06
12.19

5C510.52
12.65 5C6

132.65
12*.5*
121.*9

6P1*.69 132.83
12*.63121.80

*.51 Physical
Physical
Chemical

6 36.77137.3* NANA NA121.30 6P212.80
15.85

12.71
15.5* 6C5

*.*5*.27 7C1133.13
132.67
128.7*12*.87123.71
121.76

Chemical
Physical
Chemical
Chemical
Chemical
Chemical

16.77 133.31
133.07
129.05
125.08
12*.17122.03

137.50 121.85 NA7 NA NA
*.91*.51 7P1
8.8*0.53 7C2

7C312.50
13.*1
15.55

12.71
13.87
15.82

7C*TC5

NA * Not applicable.

All elevations are given with respect to mean sea level.Note:



APPENDIX C
SUBSURFACE DATA FROM SITE M

Figure C-l. Water table map of site M.
Elevations are in feet above mean sea level.

1 foot - 0.305 meters.
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TABLE C-l. LOG OF BORING 1 AT SITE M

Elevation above MSL*
(m) Depth (m) Description

224.68 - 220.88 0.00 - 3.80 Fill (FGC sludge)

220.88 - 217.82 3.80 - 6.86 Sand, fine, silty, light tan

217.82 - 216.14 6.86 - 8.54 Sand, fine, silty, light gray,
wet

* MSL ” Mean sea level.

Water table elevation above MSL 216.82 m

LOG OF BORING 2 AT SITE MTABLE C-2.

Elevation above MSL*’
DescriptionDepth (m)(m)

Top soil0.00 - 0.30222.18 - 221.88

Silt, light tan0.30 - 0.76221.88 - 221.42

Sand, fine, silty, light tan0.76 - 3.35221.42 - 218.83

Sand, fine, silty, wet, with
trace of organic matter

3.35 - 5.79218.83 - 216.39

* MSL * Mean sea level.
Water table elevation above MSL * 217.82 m
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LOG OF BORING 3 AT SITE MTABLE C-3.

Elevation above MSL*
Depth (m) Description(m)

O.QO - 0.30 Topsoil222.10 - 221.80

Clay, silty, dark gray0.30 - 1.22221.80 - 220.88

Silt, light tan to dark gray1.22 - 1.52220.88 - 220.58

Sand, fine, silty, light tan1.52 - 3.35220.58 - 218.75

Clay with silt and sand,
soft, dark gray

3.35 - 3.66218.75 - 218.44

Sand, fine, wet3.66 - 5.79218.44 - 216.31

* MSL = Mean sea level.

Water table elevation above MSL * 217.10 m

LOG OF BORING 4 AT SITE MTABLE C-4.

Elevation above MSL*
Depth (m)(m) Description

Fill (FGC sludge and soil)224.36 - 222.07 0.00 - 2.29

2.29 - 5.34 Clay, silty, wet, dark gray222.07 - 219.02

Sand, fine, silty, light219.02 - 217.50 5.34 - 6.86
tan

Sand, fine, silty, wet217.50 - 215.21 6.86 - 9.15

* MSL * Mean sea level.
Water table elevation above MSL * 216.77 m
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TABLE C-5. LOG OF BORING 5 AT SITE M

Elevation above MSL*
(m) Depth (m) Description

222.14 - 221.84 0.00 - 0.30 Topsoil

221.84 - 221.23 0.30 - 0.91 Clay, silty, dark gray

221.23 - 217.26 0.91 - 4.88 Sand, fine, silty, light tan

217.26 - 216.19 4.88 - 5.95 Sand, fine, silty, wet

* MSL “ Mean sea level.

Water table elevation above MSL * 217.14 m

LOG OF BORING 6 AT SITE MTABLE C-6.

Elevation above MSL*
Depth(m) Description(m)

Topsoil0.00 - 0.30221.17 - 220.87

Clay, silty, dark to light brown0.30 - 1.83220.87 - 219.34

Sand, fine, silty, light tan1.83 - 5.85219.34 - 215.32

* MSL - Mean sea level.

Water table elevation above MSL » 216.17 m
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LOG OF BORING 7 AT SITE MTABLE C-7.
Elevation above MSL*

Depth(m)(m) Description

221.49 - 221.19 0.00 - 0.30 Topsoil

221.19 - 218.14 0.30 - 3.35 Clay, silty, dark gray

218.14 - 216 « 61 3.35 - 4.88 Clay, silty, dark gray , soft

4.88 - 6.16216.61 - 215.33 Sand, fine, silty, wet, gray

* MSL Mean sea level.

Water table elevation above MSL = 216.25 m
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TABLE C-8. LIST OF SAMPLES EXAMINED FROM SITE M

Elevation
sludge/so11
interface

ElevationElevation
of top of

hole
Thickness
of fill

Sampled depth
interval (a)
From To

Thickness
of cover

Elevation of sampled
intervals (m)

Total
depth

of
Type of
sample

Sample
numberwater table

(m) (m)(m)M(m)U) From To
Boring

3.eo 220.88 223.16
220.89
220.67
219.Oh
218.83
217.82
217.52

8.5*» 1.52216.82 2.13 222.55
220.73
220.*4l
218.89
218.t3
217.6»*
217.06

22»».68 0 Chemical
Chemical
Physical
Chemical
Physical
Chemical
Physical

1C1
1 3.79 3.95 1C2

U.01
5.6*4

*4.27 1P1
5.79 1C3
6.25
7.0»*
7.62

5.05 1P2
6.86 1C*4
7.10 1P3

221.88
221.63
220.96
218.83
218.07
217.82

221.69
221.11
220.78
218.61
217.88
217.36

0.»*9 Chemical
Physical
Chemical
Chemical
Chemical
Physical

NA 0.30
0.55

2C1NA217.82 NA5.79222.182 1.07 2P1
l. *»01.22 2C2

3.35 3.57 2C3
*4.30*4.11 2C*4
*4.82 2PU*».36

221.61
221.09
220.70
220.33
218.53
218.02
217.80
217.22

0.*49
1.01
1.1*01.77
3.57
**.08
*4.30

221.80
221.55
220.88
220.6»*
218.75
218.»*7
217.99
217.7*4

Chemical
Physical
Chemical
Physical
Chemical
Physical
Chemical
Physical

3C10.30
0.55
1.22
l.*»6

NANANA5.79217.10222.103 3P1
3C2
3P2
3C33.35

3.63 3P3
3C»*»4.11
3P»*»*.88»4.36

221.89
221.31
220.98
220.»*9

»*C12.*i7
3.05
3.38

Chemical
Physical
Chemical
Physical

222.07
221.83
221.16
220.92

2.29
2.53
3.20
3.1* 1 »

222.072.29216.772?»».36 01. 9.L5 »»P1
»iC2
**P23.87

(continued)



TABLE C-8 (CONTINUED)
ElevationElevation

of top of
hole

Elevation
sludge/noil
interface

of Total
depth

Thickness
of cover

Thickness
of fill

Elevation of sampled
intervals (m)

Sampled depth
Interval (m)
From

water table Type of
sample

Sample
number(a)(m) (a) («) (ra) (m)Boring To From To

210.81»
210.1»8
217.32
216.53
215.98

1»C 35.52 219.03
218.78
217.50
216.71*
216.50

5.33 Chemical
Physical
Chemical
Chemical
Physical

5.00 1» P35.58
7.0** l*Cfc6.06

*»»C57.037.62
7.86 8.38 l» P5

5.06 217.26
217.02

217.00
216.50

5CU222.1*4 217.1*4 **.085 5.95 NA Chemical
Physical

HA NA
5Pl*5.6**5.12

220.68
220.10
219.25
217.21
215.99

6C1216.17 5.85 0.**9
1.07

220.87
220.62
219.71
217.60
216.29

6 Chemical
Physical
Physical
Physical
Chemical

HA NA221.17 NA .30
6ri0.55M

H 6P21.1*6 1.92o> 6P33.963.57
6c*45.18*4.88

0.*i96.16216.25 7C1221.*49 Chemical
Physical
Chemical
Physical
Chemical
Physical
Chemical
Physical

221.19
220.9*4
220.27
220.03
218.1*4
217.89
216.61
216.37

221.00
220.73
220.09
219.51
217.92
217.30
216.*40
215.85

NA NA NA 0.30
0.55

7
0.76
l.*40

7P1
7C21.22

l.*»6 1.98 7P2
7C33.35 3.57

3.60 *4.11 7P3
7C*»*».80 5.09
7P*<5.6*45.12

NA * Not applicable.
All elevations are given with respect to mean sea level.Note:
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